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Preface

These guidelines are devoted to disseminate molecular methods that can be used to
analyze DNA, RNA, and proteins in formalin-fixed and paraffin-embedded (FFPE)
tissues. We have called them guidelines because this is the first method book that is
entirely dedicated to archive tissues. They are addressed to pathologists, biologists,
and biotechnologists who do research in FFPE tissues. The protocols presented in
these guidelines derive from the experience of the laboratories participating in the
European project “Archive tissues: improving molecular medicine research and clini-
cal practice” — IMPACTS (www.impactsnetwork.eu). The 20 participants, from 11
European countries, are some of the most experienced groups in molecular analysis
of fixed and paraffin-embedded human tissues. Among them are some of the groups
that developed this type of molecular analysis for the first time.

These guidelines are mostly dedicated to the homemade protocols that were devel-
oped, tested, and even validated by multicentric analyses performed by the IMPACTS
groups. Experience in basic molecular methods is necessary to develop molecular
pathology activities in human tissues. This allows research without too many techni-
cal limitations. In this way the researcher is also capable to better evaluate commer-
cial kits and validate them. Also commercial kits are reported in some protocols,
especially when the authors have consolidated habits in kit utilization or when
advanced techniques are used without being directly developed by the participants.
Thus the reported commercial reagents and kits reflect in the same way the experi-
ence of the IMPACTS laboratories. However, in our experience standardization of
molecular methods by commercial kits is not sufficient to guarantee reproducibility;
good laboratory practice is absolutely necessary to obtain reliable results. Sometimes
a slightly different “lab jargon” is maintained in the different chapters; this reflects
the authors’ consuetude but it does not compromise its clarity. Basic footnotes are
repeated in many chapters to make it easy to access the single protocol.

We recognize that semi- or fully automated instruments for nucleic acids extrac-
tion from FFPE could be very useful in establishing standardization and method
reproducibility. In the nearest future they will represent an important task for any
molecular pathology laboratory devoted to routine diagnostic molecular analyses in
FFPE. However, we did not mention them in these guidelines, because we did not
have the chance to compare the performances of the different commercial options.

These guidelines are divided into different parts related to tissue processing and
macromolecule preservation, molecular analysis of DNA, RNA, and proteomics, and
a short chapter about internal quality control. Small chapters about the new develop-
ing technologies are also included, these are often confined to the major research
centres, but, as past experience has showed us, they sometimes diffuse very quickly.
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Also a chapter dedicated to forensic methods has been added. Since nucleic acid
degradation is a common problem with FFPE tissues, useful suggestions can be
obtained also from this issue together with specimen identification through DNA
analysis.

Most of the methods here reported are more or less similar to those used in fresh
cells and tissues, but the modifications made in the protocols are necessary to obtain
a positive result in human FFPE tissues.

In the intention of the authors all the methods and protocols are described for a
laboratory direct use, and the addition of explanatory notes should help even less
experienced researchers, but a basic experience of laboratory research methods is
required. If during the reading and practical use of the protocols errors or unclear and
insufficient explanations are found, please contact directly the IMPACTS Group by
e-mail (secretary @impactsnetwork.eu).

Bioethical norms are of pivotal importance in the use of human tissues for research,
but we avoided ethical considerations because of the lack of uniformity in the direc-
tives on clinical residual tissue research in European countries. The only general
suggestion is to contact the local ethical committees.

I would like to thank very much all the contributors of the IMPACTS group that
collaborated not only in the preparation of the chapters but also in the multicentric
project of methods validation, and took part in the extensive discussions held within
the IMPACTS meetings.

I would like to thank Serena Bonin, who has worked with me for the past fifteen
years, for her continuous interest and effort in developing molecular methods in
archive tissues.

I would like to specially mention Isabella Dotti for the work done in the prepara-
tion of the DNA and RNA methods, and Valentina Faoro for the groundwork and the
assembling of the proteomics chapters.

This book could have not been edited without the continuous effort of Valentina
Melita, Danae Pracella, and Renzo Barbazza who dedicated a lot of time to reading,
correcting, and improving the comprehension and the presentation of the protocols.

Trieste, January 2011 Giorgio Stanta
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In clinical practice, a large number of tissue samples are
removed from patients for several purposes. Biopsies
are performed to better define a clinical diagnosis, while
a surgical therapy is decided to treat the patient with the
ablation of tissues. The tissue specimens are fixed as
soon as possible to avoid autolysis and putrefaction, and
then they are paraffin embedded to allow very thin sec-
tions to be cut for histological examination. These tis-
sues are usually formalin fixed and paraffin embedded
(FFPE). After a few sections are cut from the paraffin
block, most of the tissues are stored in hospital pathol-
ogy archives for decades and for this reason they are
called “archive tissues” (AT). It is possible to estimate
that every year in Europe 25-30 million cases of tissues
taken for biopsy or surgery procedures are treated in
hospitals, and in many cases these are multiple tissue
samples. This huge number of tissues represents the
largest available collection of human material. This
material is also matched with the clinical records and
represents a giant virtual bio-banking system in which
even rare diseases with sometimes long follow-up peri-
ods are immediately available for translational research.

These are the only tissues suitable to tackle in a
comprehensive way the vast heterogeneity of human
diseases and to take clinics to targeted medicine. They
can be used for the discovery phase of new biomark-
ers/therapy targets, for their validation, or for their
implementation into clinical practice [1]. Normal
tissues, either from the component surrounding the
lesion or from negative biopsies, are also available.
The use of archive tissues in clinical research can
greatly accelerate the process of translation of the basic
knowledge in molecular biology to molecular medi-
cine. Although the use of expression profiling for iden-
tifying new molecular markers to help diagnosis and
guide treatment of cancer has been an intensive field of
research in recent years, only a few molecular markers

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 3
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have found their way into routine clinical practice. The
main reason for this slow adoption of RNA as an ana-
lyte for routine testing is that many RNA markers have
been identified for fresh-frozen tumour material, which
harbours good-quality RNA. However, this is not the
material routinely obtained in hospitals. We can also
consider that fixation can be a sort of standardization
of tissue treatment, easily and highly improvable in the
hospitals as reported in the next chapters. Advantages
and disadvantages of FFPE tissues compared with
fresh-frozen tissues are reported in Table 1.1.

Table 1.1 Comparison between FFPE and fresh-frozen tissues

FFPE tissues Fresh-frozen tissues

Availability High number Limited number
Clinical Sometimes retrospec- Often short-time
information tive long-term clinical

clinical information  information
Morphology High quality Low quality

Microdissection  Accurate Less accurate

Low level of
variability because

Variability range Representative of
large clinical

variation of the limited
number of cases
Follow-up Very long Often very short
DNA Degraded, but can Well preserved
be analyzed
RNA Degraded, but can Well preserved
be analyzed also at
the quantitative level
Proteins Cross-linked/new Well preserved

effective methods of
analysis are available

One of the major reasons to perform molecular
analysis in archive tissues is that in clinical routine, all
human tissues are fixed and paraffin embedded. It
could be a hard task to change the routine in hospitals,
because this routine also means standardization of the
clinical procedures. A histological diagnosis is neces-
sary to define the lesion and to be able to perform an
efficient microdissection. Furthermore, for any clinical
molecular determination, histological confirmation is
absolutely indispensable.

Another reason in favour of the use of FFPE tissues
for molecular analysis is related to the fact that increas-
ingly more often in clinical practice, the tissues taken
from patients for diagnosis are very small, and they
represent the only tissues available for molecular
analysis.

Reference

1. Bevilacqua G, Bosman F, Dassesse T, Hofler H, Janin A,
Langer R, Larsimont D, Morente MM, Riegman P,
Schirmacher P, Stanta G, Zatloukal K, Caboux E, Hainaut P
(2010) The role of the pathologist in tissue banking:
European consensus expert group report. Virchows Arch
456(4):449-454
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2.1 Introduction and Purpose

Histopathological analysis (i.e., microscopical exam-
ination of tissue sections leading to related inter-
pretation and diagnosis) on formalin-fixed and
paraffin-embedded (FFPE) specimens is the goal of
routine diagnostic histopathology. Owing to the
recent advances in molecular approaches, however,
this clinical material has also become a precious
source of macromolecules for genomics and pro-
teomics studies.

Before being analyzed, human tissues are submit-
ted to a series of essential treatments that can directly
affect their use in downstream molecular applications.
All such procedures fall under the designation of “pre-
analytical treatment.” Basically, we should consider
the following steps:

e Surgical removal of tissue

* Grossing (in the pathology lab)

e Fixation, to be followed by paraffin embedding, or
* Freezing, to be followed by tissue banking

While grossing, paraffin embedding, freezing, and tis-
sue banking are well defined in the literature, our aim
is to reach a standardized definition of the time interval
between surgical removal and tissue grossing and fixa-
tion, keeping in mind that the ultimate goal is to obtain
an optimal preservation of morphological structure,
nucleic acids, and proteins.

Preanalytical treatment of tissues is one of the
most variable and debated questions in molecular
analysis. Information about the time between abla-
tion of tissues and tissue fixation or the time and the
temperature of fixation procedures is hardly ever
available. On the other hand, early fixation of the

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 5
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tissues can be considered a good possibility to stan-
dardize the tissue treatment.

Recent studies give contradictory results about the
relevance of temperature and time in the preanalyti-
cal treatment of tissues and these conditions are far
from being clearly determined. The major problem is
related to the hypoxic conditions of the tissues, which
could occur in surgical specimens when the blood
vessels are closed during the surgical treatment, even
before tissue ablation. Conventionally, thirty minutes
are considered the limit for a conservative treatment
of the tissues [1], before fixation or freezing. However,
it is difficult to accept that this time is not related to
gene expression changes. Small modifications of
gene expression have already been reported 5 min
following the excision of the tissues [2], as a result of
hypoxic conditions, but the alterations are not similar
for all genes [3]. So early fixation is suggested, as it
happens in small biopsies for which the clinical pro-
cedures are almost optimal. In larger surgical speci-
mens, other variables, such as the hypoxia effect
during the surgical intervention, the size of the tis-
sues, the speed of fixative penetration, and the time
for reduction of tissues to small fragments for the his-
tological examination, have to be considered. This is
still an open question that needs further studies and
standardization.

The policy planned and experienced in our labo-
ratory is that Phosphate-buffered Formalin (PBF)
should be employed on tissue specimens after gross-
ing and for a limited time (from 5 h, for relatively
small specimens, up to 24 h, for large specimens).
The reason for this policy is linked to observations
of the uneven results of nucleic acid extraction and
protein analysis of paraffin-embedded tissues (PET)
fixed for long times in formalin [4, 5].The length of
fixation in PBF influences the quality of RNA, which
is found to be better in tissues fixed for 12-24 h,
while longer fixation progressively decreases the
quality of biomolecules [6, 7]. In addition, an opti-
mal preservation of determinants predicting drug
responsiveness in breast cancer is now regarded as
mandatory and requires a formalin fixation not
exceeding 48 h [8, 9].

Formalin fixation often starts in the surgical theater,
where large specimens are immersed in PBF for trans-
fer to the Pathology Laboratory. This procedure has
drawbacks, since the degree of fixation of superficial

and internal areas will be different. In addition, surgical
nurses dislike handling this toxic, potentially cancero-
genic fluid [10].

We consider that in order to achieve the goal of
standardizing fixation times, grossing has to be done
on fresh tissues and that, in order to assure a uni-
form fixation, this has to be done on 3-4 mm thick
tissue slices in cassettes and for strictly definite
times: for a minimum of 5 h for small specimens and
for an average of 24 h (maximum 48 h) for large
specimens.

Among the preanalytical variables associated with
tissue harvesting and processing, the most critical
one is the transfer of tissues from the surgical theater
to the Pathology Laboratory. In our opinion, time and
conditions of transfer need to be controlled, as a pre-
requisite to standardize fixation.

In our hospital (a large regional and University
Hospital), tissue specimens to be transferred from the
surgical theaters to the grossing room in the Pathology
department are not immersed in formalin any more,
but instead processed under vacuum (U.V.) [11]. This
alternative procedure has further advantages, as tis-
sue banking, cell cultures, and gene expression profil-
ing are still feasible in U.V.-preserved tissues.

Upon the specific request of the surgical theatre per-
sonnel, the U.V. policy has been adopted in the whole
hospital, which is presently considered as formalin-
free as small specimens are treated in prefilled vessels,
while large blocks are transferred U.V. in plastic bags
(formalin is used in the Pathology Laboratory, but
under proper hoods).

No detrimental effect, either on the morphological
patterns or on the immunohistochemical features or
gene expression profiling, was observed for tissues
kept U.V. at 4°C over the weekend (up to 72 h).

In conclusion, it is practicable and feasible to start
standardizing the length of fixation in PBF, a first step
for a complete standardization of preanalytical vari-
ables. As a result, we shall achieve a more reliable
evaluation of antigenic and genetic parameters, which
nowadays represents a mandatory requirement in his-
topathological diagnoses.

In the following section, the detailed description of
the technical problems connected with the preanalytical
time interval (PATT) and with the formalin fixation step
is presented. In the context of fixation, the use of fixa-
tives alternative to formalin is reported.
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2.2 Preanalytical Time Interval
(PATI)

The PATI can be divided into Interval I and Interval II.

2.2.1 Interval I: From the Body to the
Surgical Table (Temperature 37°C
or More)

This interval is also called “warm ischemia time.”
It depends on:

e Type of operation
* Modality of intervention
e Ability of the surgeon

Time between ligation of arteries and removal:
Time negligible for:

¢ Brain

e Breast

e Liver

e Lymph nodes
e Skin

Time from a minimum of 30 min to 1 h for:

e Stomach
e Colon

* Lung

e Pancreas
e Thyroid

Effects:

e Tissues are kept in hypoxic conditions at 37°C for
variable time.

e Remarkable loss of RNA and antigen degradation if
the time is longer than a few minutes [12, 13].

e If elimination of blood from ablated tissue is not
immediate and complete, the hemoglobin coming
from rapid tissue hemolysis can inhibit the down-
stream RT-PCR procedure.

Additional Caveats:

* Areas near heath cutting
e Treatment with Lugol solution (used for detecting
the presence of starch in the cells)

2.2.2 Interval ll: From the Surgical
Table to the Pathology Lab

The options can be:

1. Tissues left fresh
2. Tissues immersed in formalin
3. Tissues preserved under vacuum

2.2.2.1 Tissues Left Fresh

Temperature: Room Temperature (about 20°C).

In some realities, tissues (free in a vessel or in a
bag) are transferred to the grossing room. After gross-
ing, tissue specimens can be either stored at —80°C for
frozen-section histology or fixed in a fixation solution
(see Sect. 2.4 and Chap. 3).

e Time interval between the surgical table and the
pathology lab: relatively short, but depends on the
internal organization of the hospital.

* Time in pathology lab before grossing: variable,
from a few minutes up to several hours. Optimal:
30 min.

* Up to 4 h in most Pathology labs, according to
Grizzle [14].

Dangers:
Effect of delay on:

e Structure
e Proteins (antigens)
e Nucleic acids

Merits:
No Fixation (material available for fresh banking)
Drawbacks:

* Drying of tissues (Even those left in the refrigerator)
* Loss of antigens and RNA related to the time spent
at room temperature before grossing

Fresh Tissues Immersed in Stabilization Solutions

A possible option is the use of new tissue stabiliza-
tion solutions in order to specifically recover intact
RNA from fresh frozen tissue specimens. One of the
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most commonly used reagents of this type is RNAlater
(Applied Biosystems). It rapidly permeates tissues
and inactivates RNases by precipitation, which elimi-
nates the need to immediately freeze or formalin fix
tissues after their removal. It is a practical solution
because, after resection, the sample can be left in
RNAlater solution for at least 1 week at room tem-
perature, 8 weeks at 4°C, or indefinitely at —20°C,
theoretically without compromising RNA integrity.
Tissue in RNAlater can be subsequently processed
as a fresh frozen sample for downstream molecular
analysis. RNA purification can be performed, for
example, by the standard TRIzol-based protocol (see
product details at http://www.ambion.com/techlib/
prot/bp_7020.pdf).

However, contrasting opinions have risen about
its effective conservative properties on tissue archi-
tecture and macromolecule integrity. Some studies
indicate that tissue samples stored in RNAlater and
conventionally processed for histology have excel-
lent morphology and immunohistochemical stain
[15]. Others observed uneven results and decreased
reactivity using different antibodies [16]. Some
studies reported that results of RNA analysis in
RNAlater-treated samples are comparable to those
obtained in fresh frozen tissues [15, 17]. Others sug-
gest that freezing should still be preferred over
RNAlater treatment [18]. Recently, RNAlater has
been compared to standard tissue fixatives [16].
RNAlater has also been tested as a pretreatment
solution before alcohol-based tissue fixation, but at
present the introduction of this prefixation step
affects RNA quality [19].

2.2.2.2 Tissues Immersed in Formalin

Variables:

e Temperature: room temperature (generally).

e Time interval: variable from a few minutes up to
days but it depends on the internal organization of
the hospital.

* Formalin: penetration is initially fast (1 mm/h), but
then becomes much slower (1 cm/24 h). This is fol-
lowed by fixation (slow) reaching subtotal binding
plateau at 24 h [20, 21].

» Fixation time: should be at least 6-8 h for 3 mm
thick specimens [8, 22]. This is also applicable to
fixation before and after grossing.

Merits:

In small blocks, formaldehyde rapidly affects
structure, antigens, and nucleic acids (preservation/
denaturation).

Drawbacks (in large specimens):

* Degradation continues in deep areas (not reached
by the fixative)

e Frozen tissue banking is hampered

* Formalin containing vessels are heavy to carry

* Spilling of formalin may occur

e Fumes are dispersed while grossing

* Nurses refuse to handle this “carcinogen” in the
surgical theater (without hoods)

e Tissue is forgotten by the surgeon because it is
“already safe in formalin”

2.2.2.3 Tissues Preserved Under Vacuum

Temperature: 0—-4°C.
Time interval between the surgical table and the pathology
lab: up to days.

Preservation under vacuum (U.V.) is easy to handle
(inside the surgical theater). Tissues are immersed (pack-
aged) in a plastic bag (with identification label), then
into the U.V. machine (relatively small, semiprofes-
sional). In a matter of seconds, the tissue is U.V.

The bag is left in the fridge, then transferred to the
pathology lab inside a plastic container (with icing
devices) [11]. After grossing, the tissue specimens can
be easily processed as fresh tissues or immersed in
fixation solutions (see Sect. 2.4 and Chap. 3).

Merits:

* No more formalin in the surgical theater (except for
small specimens, where prefilled tubes are employed)

* No spilling

* No fumes

e No drying of tissues

e Colors preserved

e Lack of insulating air around tissues allows fast
cooling

* Tissues (bags) light and easy to carry

e Structure (DNA, RNA, Antigens) preserved up to
days

* Banking (selective) allowed

* Demonstration of operated tissues is convincing for
students and surgeons


http://www.ambion.com/techlib/
http://www.ambion.com/techlib/

2 Preanalytical Time Interval (PATI) and Fixation

2.2.3 Consequences of PATI on Gene
Expression Levels

PATI variably affects the expression profile both at the
mRNA and the protein level [2]. These expression altera-
tions represent a biological response to the detrimental
effects of PATI rather than to the pathological condition.

Evaluation of ischemia effects on differential gene
expression is currently focused on the detection of
genes that are up-regulated. This strategy is pursued
because gene down-regulation could be incorrect due
to an artifact of RNA degradation (caused, for exam-
ple, by a prolonged warm ischemia time) rather than to
the cell response to tissue injury.

Several studies have reported that overexpression
changes are time and tissue dependent (Table 2.1).
Significant changes have been found not only in hypoxia-
related genes (HIF-1a., c-fos, HO-1), but also in cytoskel-
etal genes (i.e., CK20) and in tumor-associated antigens
(i.e., CEA).

Therefore specific precautions should be taken
when gene expression studies are performed on target
genes that could be affected by a physiological reac-
tion of the cell to a decrease in oxygen availability.

Table 2.1 List of genes that are significantly overexpressed in
different tissues injured by PATI

HIF1 alpha [2] Colon 8—10 min
c-fos [2] Colon 8—10 min
HO-1 [2] Colon No increase within 30 min
CK20 [2] Colon 25-30 min
CEA [2] Colon 10 min
EGRI1 [23, 24] Prostate Within 1 h
Jun-B [23, 24] Prostate Within 1 h
Jun-D [23] Prostate Within 1 h
ATF3 [23] Prostate Within 1 h
PIM-1 [24] Prostate Within 1 h
p21 [24] Prostate Within 1 h
Krt-17 [24] Prostate Within 1 h
DUSP [24] Prostate Within 1 h
S100P [24] Prostate Within 1 h
TNFRSF [24] Prostate Within 1 h
WEDC2 [24] Prostate Within 1 h
TRIM29 [24] Prostate Within 1 h

2.3 Fixation

Fixation is required for the preservation of the tissue
specimens that will be submitted for histopathological
examination. Currently, formalin is the most commonly
used fixative in tissue processing because it ensures an
optimal preservation of tissue morphology, although
other fixatives are specifically used in some pathology
departments in Europe (i.e., Bouin’s solution [25]).

The quality of nucleic acids obtained from formalin-
fixed and paraffin-embedded (FFPE) tissues varies enor-
mously among laboratories. In some cases, but not in all,
it is possible to extract well-preserved nucleic acids even
from very old paraffin blocks [26]. Several fixation-
related variables can affect the recovery of macromole-
cules. The failure of their optimization may result in
underfixation or overfixation of the tissue, with a conse-
quent high variability of the downstream results.

Fixation effects on macromolecule recovery depend
on several elements:

e The time of fixation is not standardized. During the
week, the histopathology lab procedures are quite
standardized, but any variation can double the time
of fixation and this fact is not usually reported any-
where. This can happen with the samples collected
just before the weekend, or any holiday.

* The speed of fixative penetration is affected by the
type and thickness of tissue. There is large diversity
in the size of surgical specimens. Needle biopsy
specimens are small (about 1.5 mm in diameter and
20 mm in length) and fix rapidly compared to larger
tissue samples, while excisional specimens are 1 cm
in diameter or more [7].

e The volume of fixative can vary widely during the
handling of surgical specimens. Since the minimum
formalin:tissue ratio is 10:1, the volume of fixative
represents a problem for large surgical specimens,
especially those weighing more than 100 g [7].
Optimally, small sections should be obtained from
the fresh specimen as soon as possible and allowed to
fix after dissection.

e The effect of the type of fixative solutions on tissues
is well known, especially for formalin [27] and
Bouin’s solution [25]. Concerning RNA, for exam-
ple, variable levels of mRNA degradation can be
obtained depending on the fixative. Similarly, selec-
tive RNA component (mRNA or rRNA) degradation
can be observed [28].
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Several molecular methods can be used to estimate
the levels of quality and quantity of macromolecules
extracted from fixed tissue specimens. They are
described in detail in Chap. 17.

Several alternative fixation procedures have been
proposed, with the aim of improving the preservation
of nucleic acids and proteins, as compared to formalin
fixation [29, 30]. In general, alcohol-based fixatives
such as methacarn [31] or a combination of alcoholic
fixatives and microwave treatment [28, 32] reach the
important goal of an improved preservation of nucleic
acid integrity, face to a good compromise of morpho-
logical preservation.

2.4 Tissue Processing

Tissue processing is the stepwise replacement of fixa-
tive with alcohol (dehydration) followed by the clear-
ing step, which replaces the alcohol with an organic
solvent, usually xylene. This process is fundamental
for paraffin embedding and is usually performed auto-
matically. Parameters affecting this process include
time, temperature, and the presence of vacuum [6]. It
has already been reported that tissue processing can
affect the recovery of nucleic acids from FFPE; longer
tissue processing times seem to result in better quality
RNA [6]. In the absence of an exhaustive dehydration
process, residual water could be trapped in the tissue
with the subsequent RNA hydrolysis [6].
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3.1 Introduction and Purpose

Currently, formalin-fixed and paraffin-embedded
(FFPE) archival specimens represent the most abun-
dant resource of human tissues for clinical research.
Formalin fixation is the standard procedure for routine
histological examination of tissues because it rapidly
and permanently preserves the tissue architecture by
protein cross-linking [1]. Several staining and immu-
nohistochemical protocols have already been validated
in formalin-fixed tissues for diagnostic and prognostic
purposes. In the last few years, formalin-fixed speci-
mens have also become amenable for molecular stud-
ies at the DNA, RNA, and protein level, thanks to the
development of specific procedures for extraction of
nucleic acids [2-5] and, more recently, of proteins
[6, 7] (see Part XI for more details). Well-established
molecular approaches (FISH, endpoint and real-time
amplification, western-blot...), combined with innova-
tive microdissection procedures (laser capture micro-
dissection, LCM), are now widely used for qualitative
and quantitative detection of macromolecules in
already existing archives of tissues [4, 8—13]. The use
of conventional formalin for tissue fixation, however,
presents some limitations that interfere with transla-
tional studies. Recovery of nucleic acids and proteins
of high quality and in good quantity from FFPE tissues
is still a challenge. Indeed, formalin cross-links nucleic
acids and proteins, and modifies nucleic acids by the
addition of monomethylol groups to the bases, and
therefore impairs extraction efficiency and quality of
macromolecules [14, 15]. Changes in formalin con-
centration, temperature, and pH can also contribute to
the modification of macromolecules, reducing their
accessibility to molecular studies [16, 17]. The time
of fixation has not been definitively standardized.

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 13
DOI: 10.1007/978-3-642-17890-0_3, © Springer-Verlag Berlin Heidelberg 2011
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For formalin fixation, this variable is particularly
important as its speed changes during fixative penetra-
tion, and the number of cross-links among proteins
increases over time. All these factors result in limita-
tions in the reproducibility and reliability of the results,
no matter what technical approaches are applied to
formalin-fixed tissues. Importantly, formalin is also
highly toxic and carcinogenic, and its use is allowed
only in a fume hood.

Alternatiive fixatives have been proposed to over-
come the limitations of the use of formalin. Among
them there are several alcoholic and nonalcoholic
solutions (e.g., ethanol [18], methanol [19], acetone
[20]), mixtures of fixatives (Carnoy [21], methacarn
[22], Bouin’s solution [23], the zinc-based fixatives
[24]), and commercial new fixatives (e.g., FineFIX
[25], UMFIX [26], RCL-2 [27], HOPE [28]), Alcolin
[Diapath, www.diapath.com] (see Table 3.1 for the
characterization of some of them). In order to be con-
sidered good substitutes of formalin, these fixatives
should provide an optimal compromise between good
tissue histology for the morphological examination,
good immunoreactivity for immunohistochemical
analysis, and good macromolecule preservation for
downstream molecular analyses. The advantages of
preserving morphology and macromolecules are even
better appreciated when microdissection (mechanical
or laser-assisted) of specific cell populations is
included in the analysis. The use of fixatives with
these characteristics will increase the applicability of
clinical samples in translational studies.

3.2 Morphologic and
Immunohistochemical
Analysis

Histological examination by microscopic observation
of formalin-fixed tissue sections represents the stan-
dard procedure to which pathologists from any hospi-
tal are accustomed. For this reason, a fixative can
currently be considered a potential substitute of forma-
lin in this kind of analysis if it offers tissue morphol-
ogy as similar as possible to that provided by the
conventional aldehyde-based fixation.

Recent studies evidenced that tissues are adequate
for histological examinations, giving results almost

comparable to formalin fixation, when fixed with labo-
ratory-prepared alcoholic fixatives such as 70% etha-
nol, Carnoy’s, methacarn[27,29-32] or, less consistently,
with acetone [33].

New commercial fixatives (e.g., FineFIX, UMFIX
and RCL2) have also been tested and their conserva-
tive properties in tissue histology have been reported
[25-27]. The recent Alcolin fixative represents another
valid alternative to formalin, since it has already shown
promising results in some of the pathology laborato-
ries involved in the IMPACTS project [30].

It has been observed that histology evaluation may
be variably improved by microwave-assisted fixation
and processing according to the fixative [25, 30, 34]
and the tissue under investigation [35].

Alcohol-based fixatives also ensure immunohis-
tochemical results comparable to those obtained with
formalin fixation. This has been seen for both labora-
tory-made alcohol-based fixatives, such as 70% ethanol,
Carnoy’s solution and methacarn [27, 29, 33, 36], and
patented new fixatives (FineFIX, UMFIX, RCL2 and
Alcolin) [25, 27, 37].

3.3 Molecular Analysis

The recovery of intact molecules from fixed and
embedded tissues is essential for the analyses at the
DNA, RNA, and protein level as the quality of the
starting material highly affects the reproducibility of
the assay and the reliability of the results. Moreover, a
good DNA, RNA, and protein yield is also desirable
when analyses are performed on limited archival
samples, such as small biopsies or microdissected
specimens. Several studies have shown that protein-
precipitating alcoholic reagents yield better results
than aldehyde-based fixatives in terms of quality and
quantity of macromolecules. This happens because
alcoholic fixatives are precipitating agents that neither
cross-link proteins nor induce chemical changes in
nucleic acids.

In terms of DNA and RNA recovery, it has been
shown that extraction efficiency and integrity of nucleic
acids isolated using alcohol-based fixatives are in many
cases comparable to those of unfixed samples. Thanks
to their preservative properties, alcohol-based fixatives
represent the ideal substitutes to formalin fixation in
several molecular studies (methylation studies, SNPs
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detection assays, mRNA quantification by real-time
PCR, gene expression profiling...). Among the alco-
holic fixatives, an easily accessible fixative that allows
performance of the most reliable molecular analyses is
the laboratory-prepared methacarn [14, 38, 39]. Due to
its toxicity, however, methacarn is not so diffused in
pathology laboratories and is generally substituted by
other nontoxic alcohol-based solutions. Among the
home-made solutions, ethanol is the most adequate, as
it allows recovery of high-quality nucleic acids in suf-
ficient quantity for several downstream analyses [31].
Among the commercial fixatives, it has been found that
FineFIX, UMFIX, and RCL2 offer better results than
formalin in terms of DNA and RNA yield and integrity
[25-27, 30, 40, 41].

Similarly, alcohol-based fixatives seem a good alter-
native to formalin also in proteomics studies. In form-
alin-fixed specimens, the most critical step is protein
extraction and preparation since the fixation process
can modify the protein structure. Several proteomics
studies have been reported on archival tissues fixed
with alternative fixatives and the data obtained so far
reveal that alcoholic fixatives can undoubtedly preserve
proteins better than conventional formalin treatment.
This has been observed both for laboratory prepared
solutions, such as ethanol, methacarn, and zinc-based
fixatives [14, 22, 24, 40], and for patented fixatives,
such as FineFIX, UMFIX, and RCL2 [25-27].

Microwave fixation and/or processing can have vari-
able effects on macromolecule preservation [25, 30]. In
any case, temperature energy range must be empirically
optimized according to the fixative and the analyzed tis-
sue. In recent proteomics studies we have noticed that
the quality of protein lysates, especially from fatty tis-
sues, is remarkably improved using a step of dehydrata-
tion-clearing process. It consists of microwaving of
biopsies in reagent-grade ethanol for several minutes
followed by JFC solution' (Milestone, Bergamo, Italy)
and wax impregnation, according to Milestone instruc-
tions. The use of isopropanol instead of JFC is cheaper
but limits the extraction of proteins.

As reported in recent studies, reproducibility of
results at the DNA, RNA, and protein levels proves
the applicability of LCM in alcohol-fixed tissue
specimens, using both laboratory and commercial

IThe JEC is a solution patented by Milestone; it contains a mixture
of ethanol, isopropanol, and long-chain hydrocarbon, and is used
for consistent and reliable processing of fatty tissues.

solutions [27, 39, 42, 32, 43]. Many of the proposed
fixatives present characteristics that could be useful at
the clinical level in the future, but they need further
validation and standardization.

3.4 Technical Considerations that
Can Be Adapted to the New
Alcohol-Based Fixatives

The reported considerations are based mostly on the
experience developed with the use of FineFix.?

* DNA and RNA extraction is performed according to
the protocols described in Chaps. 7, 8, 9 and 12, with
a slight modification in the RNA isolation procedure.
As alcohol-based fixatives do not induce protein cross-
linking, the Proteinase K digestion step for RNA puri-
fication can be carried out in 3 h instead of overnight.

¢ Quantity assessment of nucleic acids: it can be per-
formed according to the protocol described in the
specific chapter (Chap. 16).

e Quality assessment of nucleic acids (see Chap. 17):
as for FFPE samples, so for alternative fixatives, the
methods based on rRNA integrity assessment are
not informative. Fragmentation patterns are similar
to those obtained from FFPE samples; for this rea-
son, the use of ribosomal ratio and RIN values is not
recommended.

* PCR and quantitative PCR, both endpoint and real
time, can be performed with alternative fixatives
following the same rules and precautions used when
FFPE tissues are considered. The use of FineFIX
solution, however, may induce underestimation of
the results when gene expression analysis is per-
formed. This phenomenon can be due to the pres-
ence of inhibiting components in FineFIX solution
that affect reverse transcription step [44].

* Microsatellite Instability Analysis (MSI) analysis: it
can be performed according to the protocol described
in the specific section of the guidelines (see Chap. 28).

e Methylation analysis: DNA extraction and methy-
lation analysis are performed following the proto-
cols related to FFPE tissues (see Chap. 30 and 31).

2If the routine histoprocessor is used to test the performance of
an alternative fixative, misleading results could be obtained in
case the instrument is contaminated by residual formalin.
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Proteomics: proteins from alcohol-based fixatives
can be extracted using the dedicated protocols (see
Chap. 39). From the experience of one group
involved in the IMPACTS project, it has been noted
that the quality of protein lysate is better if, after
the microwave fixation, the tissue sample under-
goes a step of dehydratation-clearing with JFC
solution, instead of isopropanol alone. For all the
analyses, the protocols described for FFPE samples
can be used.
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4.1 Introduction and Purpose

Accuracy and reproducibility of molecular analysis in
human tissues are highly dependent on the appropriate
selection of starting material. Human tissue specimens
are often composed by a heterogeneous mixture of cell
types that can variably affect downstream molecular
results. In solid tumour samples, for example, neoplas-
tic cells are admixed with stromal tissue cells, inflam-
matory cells, and blood vessel components that may
contaminate the tumoral component. In order to prop-
erly separate different populations of cells from a het-
erogeneous tissue or to reduce the contamination by
non-neoplastic cells in a tumour, microdissection of the
sample is highly necessary.

Several microdissection methods have been devel-
oped to isolate homogeneous cell samples from solid
tissues. In this and the following chapter, two types of
microdissection from formalin-fixed and paraffin-
embedded (FFPE) tissue sections are discussed: man-
ual and laser capture microdissection. In both cases,
some precautions should be followed in order to avoid
tissue damage and tissue or nucleic acid contamination
during tissue processing. Such precautions include
cleaning of the instruments with 100% ethanol, clear-
ing of the tissue debris from the work station with
xylene, and frequent change of the microtome blades.
The FFPE sections are cut onto glass slides and dried
overnight at 37°C or for 30-45 min at 60°C. At this
point, they are ready to be used or can be stored
(protected from the dust).

4.2 Protocol

Manual microdissection is the simplest method for tis-
sue scratching from an unstained slide. Basically, it
involves the use of a scalpel blade or needle to scrape

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 21
DOI: 10.1007/978-3-642-17890-0_4, © Springer-Verlag Berlin Heidelberg 2011
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Fig. 4.1 Donor block (a) and
the relative punched core (b)

the tissue of interest from the histological section and
a standard microscope.

4.2.1 Method 1

First, the operator examines the hematoxylin-eosin
(H&E)-stained section and marks the area of interest
for microdissection (e.g. tumour, with a tumour cell
content of more than 80%) with a pen. Then the cor-
responding unstained consecutive sections are dew-
axed! with xylene and dehydrated with several graded
ethanols. Microdissection is then performed by laying
the unstained sections upon the H&E-marked section
and scraping the area of interest. Different tools can be
used, including any sharp and precise instrument such
as a 30-gauge needle or a pointed surgical blade. The
number of tissue sections to be microdissected depends
on the size of the tissue area, thickness of the sections

'Direct deparaffinization of the tissue slide is used to facilitate
the scraping of the sample from the glass. Alternatively,
deparaffinization can also be performed after the tissue
fragments have been collected in the tube.

and on the type of the downstream analysis. Usually,
5-20 sections of 5 um thickness are collected.

4.2.2 Method 2

Manual microdissection is inexpensive in terms of
consumables and equipment, but is time-consuming.
Recently, the use of the tissue arrayer with needles of
3-5 mm diameter has been introduced as a valid alter-
native to manual microdissection for molecular analy-
sesinlarge tissue areas (see Chap. 5). After examination
of the (H&E) stained section, the tissue core of interest
is punched, embedded in a new paraffin block and used
for DNA, RNA and protein extraction (Fig. 4.1). In
this case, deparaffinization and tissue digestion are
performed directly in the tube, after cutting and col-
lecting 5-20 sections of 5 pm-thickness. This method
allows a more precise dissection of the sample, avoid-
ing contaminations with cells of different origin, events
that can occur with the previous method. Moreover, in
comparison with LCM (see Chap. 6), this method is
less time-consuming; in fact, just a few minutes are
needed for each punch.
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Using these cores, samples from hundreds of different
References...............ccooooviiiiiiiiiii 26 tissues or patients can be arrayed in a single paraffin
block and analyzed by immunohistochemistry, in situ
hybridization, or immunofluorescence.

As a research tool, TMAs are used predominantly
for the simultaneous investigation of putative prognos-
tic and predictive molecular targets in human cancer
tissues [3]. They are also used for the in situ validation
of candidate diagnostic markers identified in genomics
and proteomics studies [4—7] and for the correlation of
staining results with clinical endpoint [8,9]. Moreover,
the so-called progression TMAs are possible, in which
cores of a single tissue type are used taking into account
different stages of tumor development or different
tumor grades. For example, a progression TMA for
colon cancer could include normal colon, adenomas,
with low and high-grade of dysplasia, as well as carci-
nomas [10].

TMAs can be also used in experiments aimed to
determine whether a protein is expressed or not and to

V. Faoro . . .

Department of Medical, Surgical and Health Sciences, what extent in a wide range of different normal and/or
University of Trieste, Trieste, Italy lesional tissues. In addition, this technique can com-
A. Sapino (59) plement other proteomic methods with the advantage
Department of Biomedical Sciences and Human Oncology, of studying the expression pattern of a specific protein
University of Turin, Turin, Italy with respect to cell compartments.
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5.1.1 General Considerations
Regarding Tissue Microarray
Design and Construction

Before sampling the tissues, it is fundamental to
define in advance the questions that will be addressed
by staining TMAs as it will have an impact on the
sampling itself [11]. For example, if the main goal is
to characterize the general expression pattern of a
specific protein in a tissue, the sampling would be
random; if the aim is to compare the expression of a
protein between the lesional and the perilesional
region of a tumor, the sampling would be done from
the right area.

A potential problem in the construction of a TMA
is the tissue heterogeneity, resulting in different gene
and protein expression in different normal and/or
tumor cells. The best way to overcome this intervari-
ability of expression of the target is to take multiple
cores of each area of interest from the same sample.
Currently no sampling methods are available for stan-
dardization, but it seems intuitive that the more sam-
ples are taken, the more representative the staining
results. Many studies seem to indicate that the results
from triplicate TMA cores have up to 98% concor-
dance with the result from full sections [12, 13]. A
study by Goethals et al. [14] recommends at least
four cores, whereas other authors have achieved more
than 95% accuracy with only two cores [15]. There
are technical reasons too for including more than one
core for each case: some cores could be lost, e.g.,
during the sectioning. Moreover, in the case of low
tumor cell density, doubling the number of cores per
case could be necessary.

A particular point of debate refers to the core diam-
eter with respect to tissue sampling. Most tissue arrayer
instruments punch with a diameter between 0.6 and
2 mm, which is equivalent to a tissue area of 0.29—
3.14 mm? Most of the published studies used the
0.6 mm diameter punches, as it allows preserving more
source tissue and including a larger number of cores
into the recipient block. Punches with a diameter of
more than 0.6 mm are useful for tissues containing a
large amount of fatty or connective component or for
the study of the whole mucosa thickness, e.g., in the
stomach.

Needles with a diameter of 3—5 mm allow a more
rapid and precise manual microdissection of large

tissue areas or cells of interest (see Chaps. 4 and 6).
In this case, the tissue cores can also be used for
molecular analyses, such as those performed in some
IMPACTS laboratories. Once punched, the single
cores are embedded in a new paraffin block, sectioned,
and used for DNA, RNA, and protein extraction.

5.2 Protocol

5.2.1 General Considerations Regarding
the Layout of Tissue Microarray

Although methods for the layout of a TMA have
not been standardized so far, probably because dif-
ferent studies have different requirements, the fol-
lowing components seem to be essential in the TMA
design.

To ensure unambiguous orientation and identifica-
tion of individual cores within the TMA section, it is
convenient to add one or more “orientation cores” in a
specific position, generally outside the overall geomet-
ric margin of the array. Some researchers opted for the
introduction of gaps; this empty core positions may
help to orient the TMA without any confusion or
doubts.

Control tissue cores can be also included in the array,
placing them asymmetrically into the grid. These cores
may serve both as internal “orientation cores” and as
positive or negative internal experimental controls.

The arrangement of the interest cores within the
TMA varies according to the type of study and each
operator has to identify which design best suits his or
her purposes. Ideally cores from the same donor block
should not be positioned next to each other, since only
random distribution ensures that results from individ-
ual cores are not statistically affected by technical
blunders. However, random distribution of cores from
the same donor block increases the workload and
therefore becomes time consuming [11].

Because it is known that immunohistochemistry
analyses on full tissue sections may show some
staining artifacts at the tissue border, some research-
ers frame all the TMA with a “protection wall,” a
row of tissue cores that will not be subsequently ana-
lyzed [12].
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5.2.2 Equipment

e TMA Arrayer Instrument'

*  Software interface for the TMA design

e Set of two punches of the preferred diameter: one
for the donor block and another one for the recipi-
ent block

e A freshly poured empty paraffin block (recipient
block) of the desired size?

* H&E slides of the cases of interest on which the
desired area for the sampling is marked

*  Donor blocks of the cases of interest

* QOven

* Glass slides

*  Microtome

5.2.3 Method

5.2.3.1 Array Design: Preparation
of the Array Pattern

e Using specific software, define the geometrical
parameters of the array: the paraffin block size, the
needle diameter, the number of spots, and the dis-
tance between the spots. If necessary, rows, col-
umns, or groups of empty spots can be introduced
to separate the specimens.

e At this point, each donor block is linked to one or
more TMA spots in order to create the map that will
be followed during the TMA construction. It is
sometimes possible to add a note for each donor
block, recipient block, or spot that will be present in
the final report.

'The methodology described here refers to the Galileo TMA CK
3500 Tissue Arrayer and to the IseTMA Software, from the
Integrated System Engineering S.r.l. (Galileo TMA CK 3500
Tissue Microarrayer- Operating Manual) for the direct
experience of the authors. Other valid arrayers are commercially
available, such as the Veridiam Tissue Arrayer, the TMArrayer
by Pathology Devices, and others.

Air bubbles may be accidentally created within the paraffin
block during the pouring and cooling procedures especially
when metal molds are used; the formation of air bubbles can be
minimized by using plastic molds.

5.2.3.2 TMA Construction: Allocation
of Samples in the Array

 In this phase, the software facilitates the completion
of the TMA construction. The digital camera is
connected, and the homing of the automatic tray?
and of the needle holder is performed.

e Usually, an operating flowchart guides every step of

TMA construction. The steps include:

1. Definition of the center of the tray.

2. Insertion of the recipient block.

3. Checking of the TMA template directly on the
recipient block. If the position of the spots is not
correct, it can be modified by moving the tray.

4. Insertion of the first donor block.

5. Choice of the method for the selection of punch
area.*

6. Selection of the punch areas.

7. Sampling:

— Prepare the hole in the recipient block
— Take the sample from the donor block
— Insert the sample in the prepared hole’
* Create the final report of the array in an Excel
spread-sheet.

5.2.3.3 Assembling of the TMA

e Once completed, the TMA is placed upside down
on a glass slide and into an oven at 40°C for about
30 min to facilitate binding of the donor cores with
the paraffin wax of the block itself.

* The glass slide, attached to the TMA block, is used
to level the block surface by gently pushing the
cores into the block.

e After cooling, the block is ready for sectioning on a
microtome® and for further analyses (Fig. 5.1).

*The automated tray ensures the precise positioning of the
paraffin blocks while it is in use.

“The overlapping can be manual or digital. In manual overlapping,
the reference glass slide is overlapped to the corresponding donor
block and manually aligned with it looking at the monitor. In
digital overlapping, the digital image of the reference slides is
overlapped and aligned to the live donor block image.

SRepeat “Selection of the punch areas” and “Sampling” for each
donor block, according to the design plan.

°The TMA block should be cut only by expert technicians as the
TMA section needs to be cut and picked up from the hot water
bath with great care to avoid distortion prior to aligning it in
parallel with the edge of the glass slide to facilitate analyses.
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Fig. 5.1 Representative picture of a TMA block in which
1.5 mm cores have been inserted from selected donor blocks

5.2.3.4 Evaluation of the Results

Generally, TMA sections are read serially using a conven-
tional light microscope. However, keeping track of the
position of each core can sometimes become very diffi-
cult when many spots are present in one slide. Open
source types of software have been developed and are
available, for example from Stanford University (http:/
genome-www.stanford.edu/TMA/) and Johns Hopkins
University, (http://tmaj.pathology.jhmi.edu/) to make dig-
ital scanning and image for the evaluation of the results.
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6.1 Introduction and Purpose

LCM represents the automation of manual microdis-
section and requires the use of laser technology-based
instruments [1-3].

The following protocol specifically provides a
method to perform laser capture microdissection with
the Veritas System by Arcturus on formalin-fixed and
paraffin-embedded (FFPE) tissues for further DNA
extraction, but also systems from other companies can
be used with efficient results.

6.2 Protocol

6.2.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used:

e Xylene (Merck, 1086812500)

e 100% Ethanol (Merck, 1000.983.2511)

* 90%, 70%, 50% Ethanol

e Sterile filtered ddH,0

e Proteinase K (Sigma, P-6556; 20 mg/ml in sterile
filtered ddH, O, stored at —20°C)

* TE buffer pH 9 (DNA Minikit, buffer AE; Qiagen,
Germany)

e Papanicolaou la Harris hematoxylin (Merck,
1092530500)

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 27
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6.2.2 Equipment

Note: Equipment from specific companies is reported
here, but others with similar characteristics can be used:

* PEN membrane glass slides (2 um; Microdissect,
Germany, MDG3P40W)

e Stratagene Autocrosslinker

e Laser microdissection system, Arcturus, USA

e Arcturus CapSure Macro LCM Caps (Plastic Carriers;
LCMO0211)

*  PCR machine (e.g., GeneAmp PCR System 9600,
Applied Biosystems)

e 0.2ml PCR-tubes (MicroAmp, N801-0840, Applied
Biosystems)

* Heat-sterilized glass staining jars

e Sterile pipette tips

* Glass microscopy slides, ethanol-cleaned (e.g.,
Menzel)

e Light microscope

6.2.3 Method

This protocol is structured into four parts:

1. Slide preparation

2. Deparaffinization and staining

3. Laser capture microdissection (LCM)
4. Digestion

6.2.3.1 Slide Preparation

* Cross-link PEN membrane slides with the Strata-
gene Autocrosslinker.

» Freshly prepare five to ten consecutive sections from
the FFPE tissue (7 um thickness) on special mem-
brane slides. The first and the last section should be
prepared on glass slides, deparaffinized, and stained
with hematoxylin-eosin (H.E.). H.E.-stained slides
are used to find the area of interest.

* Dry the sections for LCM at room temperature
overnight or for at least 3 h at 37°C.

6.2.3.2 Deparaffinization and Staining

* Put sections in heat-sterilized staining jars with
— Xylene for 10 min x 3
— 100% ethanol for 5 min x 2
— 90% ethanol for 5 min
— 70% ethanol for 5 min
— 50% ethanol for 5 min
— ddH,0 for 5 min

» Stain the deparaffinized sections on the special
membrane slides with sterile filtered, undiluted
Papanicolaou 1a Harris hematoxylin solution for
a few seconds' (using the syringe with the sterile
filter) and rinse with ddH,O several times (using a
filtered pipette tip).>

* Dry the sections completely at 37°C for approxi-
mately 6-7 h.

6.2.3.3 Laser Capture Microdissection

e Use the H.E. slides and simple light microscopy to
find the desired areas.

e General settings at the Veritas system: use low energy
UV laser of the Veritas instrument for cutting the
selected area and IR laser for capturing the desired
cells on Arcturus Macrocaps. For detailed setting
information it is strongly recommended to study the
manufacturer’s guidelines.

6.2.3.4 Digestion

e Freshly prepare digestion buffer:
10 pl TE buffer pH 9
0.5 ul Proteinase K
2 ul ddH,0’

'For the laser sections, a short-time staining with hematoxylin
gives the best results for visualization in the instrument (max
30s.).

Do not stain with eosin; this will affect the DNA quality! Slight
staining of nuclei by hematoxylin will help to sort out tumor or
dysplasia from normal cells.

*ddH,O is used only to prevent evaporation during the long
period of digestion.
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* Peel off the membrane from the cap with a filter tip
and put it into a PCR tube* with the 12.5 pl diges-
tion buffer.

* Digest for 72 h at 55°C in the PCR machine.

* Eachday add 2 ul ddH,0 and 0.5 ul fresh Proteinase K.

e After 72 h, inactivate Proteinase K by heating at
99°C for 10 min in a PCR machine.

e Spin down the condensate and immediately store
the digested material in the supernatant at —20°C
until amplification (all 10 ul of the digestion
are used).

6.2.4 Troubleshooting

6.2.4.1 Inefficient Microdissection

e Sections have to be placed centrally on membrane
slides; otherwise, the instrument may not reach all
areas.

» Increase laser power to ensure adequate melting or
cutting.

e The UV laser has to be focused exactly to guarantee
a small cutting trace with low energy.

e Sections should be completely dried before laser
capture microdissection in order to make it possible
for the IR laser to capture the cells.

“Tubes should be UV cross-linked before use. UV irradiation
(cross-linking) is a decontaminating step that removes
exogenous DNA from tubes, surfaces, pipettes...

6.2.4.2 Tissue Remnants on the Slide After
Microdissection

The tissue section is too thick or uneven: in such case,
cut sections at 5—8 pm for IR capture LCM or 2—15 pm
for UV laser cutting.

6.2.4.3 Decreased DNA Yield or Inadequate
Amplification

* Inadequate removal of paraffin from FFPE tissue
sections: deparaffinization should be prolonged.
Deparaffinize in three changes of xylene up to 15 min
each.

* Proteinase K 1is not inactivated completely.
Proteinase K inactivation should be performed at
least at 99°C for 10 min.

e Double the number of microdissected cells and
optimize downstream analysis.

6.2.4.4 Contamination of Samples

* Always take care to avoid DNA contamination.
A digestion blank is strongly recommended.
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7.1 Introduction and Purpose

This protocol provides a method of obtaining DNA suit-
able for PCR analyses from formalin-fixed and paraffin-
embedded (FFPE) tissue specimens [1-4], even of
autopsy origin [5, 6]. This procedure is based mainly on
deparaffinization of tissues (as optional step) and a prote-
olytic digestion with Proteinase K. The proteolysis step is
fundamental to degrade proteins and generate pure DNA.
The time required for the whole procedure is 4 days.

Commercial kits are also available for DNA extrac-
tion from FFPE; some of these are specifically dedi-
cated to archive tissues (i.e., QlAamp DNA FFPE
Tissue Kit). However, some minor modifications could
be useful to achieve better results depending on the
type of tissues; requirements for the specific molecular
test should be taken into consideration [7].

7.2 Protocol

7.2.1 Reagents

Note: Reagents from specific companies are reported
here, but similar reagents from other providers could
be used:

e Xylene (Fluka or Sigma-Aldrich)

e Absolute, 90% and 70% Ethanol (Sigma)

e 20 mg/ml Proteinase K (stock solution): (Sigma
P2303) Dissolve 100 mg of Proteinase K in 5 ml of
autoclaved 50% glycerol diluted in sterile H,0.'

'The solubilization of Proteinase K in 50% sterile glycerol
maintains the solution fluid at —20°C with a better preservation
of the enzymatic activity.

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 33
DOI: 10.1007/978-3-642-17890-0_7, © Springer-Verlag Berlin Heidelberg 2011



34

S.Boninetal.

Store at —20°C. The stock solution of 20 mg/ml
should be diluted to a final concentration of 1 mg/ml
Proteinase K in digestion buffer

e 10x Digestion Buffer* (stock solution): 500 mM
Tris HCI pH 7.5, 10 mM EDTA, 1 M NaCl, 5%
Tween 20

e Ix Digestion Buffer: 50 mM Tris HC1 pH 7.5, 1 mM
EDTA, 100 mM NaCl, 0.5% Tween 20. Complete
the solution with Proteinase K (I mg/ml=final
concentration) just before use

* Phenol-Tris buffered pH 8/CHCI, 50:50: Mix
1 part of buffered phenol with 1 part of chloroform.
Top the organic phase with 1x TE buffer (about
1 cm height) and allow the phase to separate. Store
at 4°C in a light-tight bottle

* Phenol-Tris buffered pH 8/CHCl ~isoamyl alcohol
50:49:1: Mix 48 ml of Chloroform with 2 ml of
isoamyl alcohol. Mix 1 part of buffered phenol with
1 part of chloroform-isoamyl alcohol. Top the
organic phase with 1x TE buffer (about 1 cm high)
and allow the phase to separate. Store at 4°C in a
light-tight bottle

e Iso-propanol or EtOH/Sodium acetate

e [ mg/ml Glycogen in water

e ]0x TE buffer: 100 mM Tris pH 8, 10 mM EDTA
pH 8

7.2.2 Equipment

e Disinfected* adjustable pipettes, range: 2-20 pul,
20-200 pl, 100-1,000 i

* Nuclease-free aerosol-resistant pipette tips

e 1.5 ml tubes (autoclaved)

e Single-packed toothpicks

o Sterile or disposable tweezers

e Microtome, with new blade

It is possible to digest the proteins using the following buffer:
PCR buffer 1x final (10 mM Tris—HCI pH 8.3, 50 mM KCI)
and Proteinase K, 1 mg/ml final. The use of this buffer, without
EDTA and detergent, is suggested to avoid the possible
inhibition of PCR reaction by the omitted reagents.

’We strongly recommend purchase of saturated phenol pH 8
from a commercial manufacturer.

“Clean the pipettes with alcohol or another disinfectant and leave
them under the UV lamp for 10 min. Alternatively, it is possible
to autoclave the pipette depending on the provider instructions.

e Centrifuge suitable for centrifugation of 1.5 ml
tubes at 13,200 or 14,000 rpm

e Thermoblock

e Thermomixer (e.g., Eppendorf)

e SpectroPhotometer

7.2.3 Method

7.2.3.1 Sample Preparation

e If possible, cool the paraffin blocks at —20°C or on
dry ice in aluminium foil in order to cut the
sections.

e Using a clean, sharp microtome blade®, cut two to
ten sections of 5-10 um thickness depending on the
size of the sample. Discard the first section and dis-
place the other ones in 1.5 ml tubes, using a sterile
toothpick or tweezers (depending on the section
size). Use some sections from a paraffin block with-
out included tissue, treated together with other sam-
ples, for negative control analysis.

7.2.3.2 Deparaffinization® (Optional)

e Add 1 ml of xylene,” vortex for 10,” and then main-
tain the tube at room temperature for approximately
5 min.®

e Spin the tube for 5 min at maximum speed
(14,000 rpm) in a microcentrifuge and then care-
fully remove and discard the supernatant using a
micropipette or a glass Pasteur pipette.’

* Repeat wash with a fresh aliquot of xylene.

Clean the microtome with xylene.

*Deparaffinization step could be completely skipped; alterna-
tively, it could be performed by adding 300 pl of mineral oil to
the tube containing the section and incubating at 90°C for
20 min to dissolve the wax [8].

"When working with xylene, avoid breathing fumes. It is better
to perform the deparaffinization step under a fume hood.

$Wear gloves when isolating and handling DNA to minimize the
contamination with exogenous nucleases. Use autoclaved
pipette tips and 1.5 ml microcentrifuge tubes.

“Xylene is harmful; the wasted xylene must be collected in a
chemical waste container and discharged according to the local
hazardous chemical disposal procedures.
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*  Wash the pellet by adding 1 ml of absolute ethanol.
Flick the tubes to dislodge the pellet and then vor-
tex the tubes for 10 s.

e Leave at room temperature for approximately 5 min.

e Spin the tube for 5 min at maximum speed
(14,000 rpm) in a microcentrifuge and then care-
fully remove and discard the supernatant.

e Repeat washes using 90% and 70% ethanol.

e After removing 70% ethanol, allow the tissue pellet
to air dry in a thermoblock at 37°C for about 30 min.

7.2.3.3 Proteolytic Digestion and DNA
Extraction

* Add to the tissue pellet 150-300 pl of digestion
buffer 1x supplemented with Proteinase K at final
concentration of 1 mg/ml. The amount of digestion
buffer depends on the tissue amount. The digestion
buffer must cover the tissue pellet completely.'

 Incubate in the thermomixer for 48-72 h'! at 55°C,
shaking moderately. For longer digestion, Proteinase
K can be added again every 24 h.

e Add 1 volume of phenol'?>-buffered pH 8.0 Tris/
CHCI, /isoamyl alcohol (50:49:1 v/v/v)."* Mix well
by inverting the tube, and leave on ice for 10-20 min.

e Centrifuge at 14,000 rpm at 4°C for 20 min. The
mixture will separate into a lower organic phase, an
interphase, and an upper aqueous phase.

* Transfer the upper phase into a new tube, add 1 vol-
ume of CHCI,, mix well for 5 min, and centrifuge at
14,000 rpm at 4°C for 20 min.

1If the pellet is firmly lodged at the bottom of the tube, it is
possible to dislodge it in the digestion buffer using a sterile
toothpick.

"Longer digestion time (at least 48 h) increases the yield of the
DNA.

"2Phenol is very toxic and should be handled in a fume hood; the
wasted phenol must be collected with hazardous chemical
waste.

3The extraction can also be performed with 1volume of phenol
(Tris saturated)-chloroform-(50:50, v/v). Phenol is an inhibitor
of PCR reaction, because of Taq Polymerase inactivation.
A single chloroform-isoamyl alcohol (24:1, v/v) extraction
could be performed after the phenol (Tris saturated)-
chloroform-isoamyl alcohol extraction in order to completely
remove phenol traces.

e Transfer the supernatant in a new tube containing
5 ul of glycogen solution (1 mg/ml stock) as pre-
cipitation carrier. Carefully avoid transferring the
interphase containing proteins.

e Precipitate overnight at —20°C with 1 volume of
iso-propanol or 2.5 volumes of EtOH supplemented
with 0.1 volumes of Sodium acetate 3 M pH 7.

e Centrifuge at 14,000 rpm at 4°C for 20 min and dis-
card the supernatant.

e Wash the pellet with 200 ul of 70% ethanol without
resuspending the pellet to wash away the remaining
salts.

e Air dry the pellet and resuspend the DNA pellet in
the appropriate amount of TE buffer 1x. Store the
DNA solution at —20°C.

e For DNA measurement, pipette 199 pl of sterile
water into a fresh tube and add 1 pl of DNA extract
(dilution factor=200). Determine the DNA con-
centration photometrically at 260 and 280 nm (see
Chap. 16, Sect. 16.2.1 for more details).!

7.2.4 Troubleshooting

o If the DNA yield is low, you may have lost the DNA
pellet; in such case, repeat the entire process of
extraction.

e If the pellet is not visible after centrifugation, the
precipitation could have been incomplete because
of the absence of a precipitation carrier. Add 5 pl of
glycogen 1 mg/ml, and leave at —20°C overnight to
complete precipitation.

e If DNA is absent, a nuclease contamination could
have occurred. In such case, repeat the extraction
using freshly made reagents.

"“The concentration of dsDNA expressed in pg/pl is obtained
as follows: [DNA]=A,  x dilution factor x 50 x 103
(see Chap. 16 ). A clean DNA preparation should have a
A, /A, ratio of 1.5-2. This ratio is decreased by the pres-
ence of proteins, oligo-, and polysaccharides. Concentration
estimation can also be affected by phenol contamination, as
phenol absorbs strongly at 260 nm and therefore can mimic

higher DNA yield and purity.
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8.1 Introduction and Purpose

This protocol was proposed further to the comparison
with the original methodologies for DNA extraction
from formalin-fixed and paraffin-embedded (FFPE)
tissues used by the participants in the IMPACTS
project [1-4]. This procedure provides a home-made
method of obtaining DNA suitable for PCR analyses
especially from small specimens. The described
method is dedicated mainly to microdissected tissues.
In order to reduce the loss of DNA, the extraction step
with phenol-chloroform and alcohol precipitation is
skipped. The protocol for Proteinase K deactivation is
based on temperature denaturation. The time required
for the whole procedure is 3 days.

Commercial kits are also available for DNA extrac-
tion from FFPE, and some of these are specifically
dedicated to archive tissues (i.e., QTAamp DNA FFPE
Tissue Kit). However, some minor modifications could
be useful to achieve better results depending on the
type of tissue and requirements for the specific molec-
ular test should be taken into consideration [5].

8.2 Protocol

8.2.1 Reagents

Note: Reagents from specific companies are reported here,
but similar reagents of other companies can be used:

e Xylene (Fluka or Sigma-Aldrich)
e Absolute ethanol (Sigma), 90% and 70% ethanol

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 37
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* 20 mg/ml Proteinase K (stock solution): (Sigma
P2303) Dissolve 100 mg of Proteinase K in 5 ml of
autoclaved 50% glycerol diluted in sterile H,0.'
Store at —20°C. The stock solution is 20 mg/ml, and
the final concentration of Proteinase should be
1 mg/ml in digestion buffer

* 10X PCR Buffer without MgCl,: 500 mM KClI,
100 mM Tris pH 8.3

* Digestion Buffer: 1X PCR buffer without MgCl,
supplemented with Proteinase K 1 mg/ml final con-
centration just before use

8.2.2 Equipment

 Disinfected® adjustable pipettes, range: 2-20 pl,
20-200 pl, 100-1,000 ul

*  Nuclease-free aerosol-resistant pipette tips

e 1.5 ml tubes (autoclaved)

e Single-packed toothpicks

e Sterile or disposable tweezers

e Microtome, with new blade

e Centrifuge suitable for centrifugation of 1.5 ml
tubes at 13,200 or 14,000 rpm

e Thermoblock

e Thermomixer (e.g., Eppendorf)

e SpectroPhotometer

8.2.3 Method

8.2.3.1 Sample Preparation

e Cool the paraffin blocks at —20°C or on dry ice in
aluminum foil in order to cut the sections.

e Using a clean, sharp microtome blade, cut two to ten
sections of about 5 pm thickness. Discard the first
section and displace the others in a clean 1.5 ml tube
using a sterile toothpick or tweezers. Alternatively,

'The solubilization of Proteinase K in 50% sterile glycerol
maintains the solution fluid at —20°C with a better preservation
of the enzymatic activity.

2Clean the pipettes with alcohol or another disinfectant and leave
them under the UV lamp for at least 10 min. Alternatively, it is
possible to autoclave the pipette depending on the provider
instructions.

the tissues can previously be laser capture microdis-
sected directly from the sections (see Chaps. 4
and 6). Use some sections from the paraffin block
without the included tissue, but processed together
with other samples, for negative control analysis.

8.2.3.2 Deparaffinization (Optional’)

e Add I ml of xylene,* vortex for 10” and then main-
tain the tube at room temperature for approximately
5 min.’

e Spin the tube for 5 min at maximum speed
(14,000 rpm) in a microcentrifuge and then carefully
remove and discard the supernatant using a micropi-
pette or a glass Pasteur pipette.® Repeat wash with a
fresh aliquot of xylene.

e Wash the pellet adding 1 ml of absolute ethanol.
Flick the tubes to dislodge the pellet and then vortex
the tubes for 10 s. Leave at RT for approximately
5 min.

e Spinthe tube for 5 min at maximum speed (14,000 rpm)
in a microcentrifuge and then carefully remove and
discard the supernatant.

* Repeat washes using once 90% and 70% ethanol.

* After removing 70% ethanol allow the tissue pellet to
air dry in a thermoblock at 37°C for about 30 min.

8.2.3.3 Proteolytic Digestion and DNA
Extraction

e Add to the tissue pellet 20100 pl of 1x digestion
buffer supplemented with Proteinase K at the
final concentration of 1 mg/ml. The amount of

3Tt is possible to bypass the deparaffinization step by adding the
digestion buffer directly to the cut sections. In this case, it is
better to add a short incubation time of 5 min at 65°C to melt the
paraffin rapidly [6].

“When working with xylene, avoid breathing fumes; it is better
to perform the deparaffinization step under a fume hood.

*Wear gloves when isolating and handling DNA to minimize the
contamination with exogenous nucleases. Use autoclaved pipette
tips and 1.5 ml microcentrifuge tubes.

®Xylene is harmful; the wasted xylene must be collected in a
chemical waste container and discharged according to the local
hazardous chemical disposal procedures.
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digestion buffer depends on the section size. The
digestion buffer must cover the tissue pellet’
completely.

e Incubate for 48-72 h? at 55°C, shaking moderately.
For longer digestion, Proteinase K can be added
every 24 h.

* Inactivate Proteinase K by heating at 95°C for
10 min.

e Centrifuge at room temperature for 10 min at maxi-
mum speed (14,000 rpm); transfer the supernatant
to a new tube and store at —20°C.

* For DNA measurement, pipette 199 pl of sterile
water into a fresh tube and add 1 ul of DNA extract
(dilution factor=200). Determine the DNA concen-
tration photometrically at 260 and 280 nm (see
Chap. 16 for more details).’

"If the pellet is firmly lodged at the bottom of the tube, it is
possible to dislodge it in the digestion buffer using a sterile
toothpick.

SLong digestion (at least 48 h) increases the yield of the DNA.

°The concentration of dsDNA expressed in pg/pl is obtained as
follows: [DNA]=A__ x dilution factor x 50 x 1073, A clean

260

DNA preparation should have a A, /A ratio of 1.5-2. This

260 280
ratio is decreased by the presence of proteins, oligo- and

polysaccharides.

8.2.4 Troubleshooting

If DNA yield is low or DNA is not detected by UV
measurement, decrease the dilution factor and mea-
sure the concentration again.

If no DNA has been extracted, a nuclease contami-
nation could have occurred. In such case, repeat the
extraction using freshly made reagents.
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9.1 Introduction and Purpose

This protocol provides a fast method to obtain a crude
extract of genomic DNA from microdissected or entire
sections of FFPE tissue for PCR analysis. It is based on
the method described by Higuchi [1] with modifications
in the deparaffinization steps and in the procedure for
recovering the tissue. For the described home-made
method, approximately 1 cm? tissue (3-5 pm thick sec-
tions) is required. Sectioning is followed by deparaffini-
zation, tissue microdissection when needed, and
proteolytic hydrolysis with Proteinase K. There are also
available commercial kits for extraction of DNA from
FFPE (i.e., Qiagen, Roche, Ambion...), to this purpose
visit the companies’ websites for instruction.

The time required for the complete procedure is
about 1.5 h and an additional overnight incubation.

9.2 Protocol

9.2.1 Reagents

Note: Reagents from specific companies are reported
here, but might be substituted by reagents of compa-
rable quality from other vendors.

* Xylene (ultrapure) (AppliChem, Fluka or Sigma-
Aldrich)

e Absolute ethanol (AppliChem, Sigma-Aldrich)

e 25mg/ml Proteinase K, stock solution (Sigma P2308):
Dissolve 25 mg of Proteinase K in 1 ml of dd H,0O

!'Alternatively, the ready-to-use Proteinase K solution (Qiagen
19133) can be used; it has a concentration of about 20 mg/ml
(store in aliquots at+4°C).
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(final concentration of Proteinase K is 3.26 mg/ml
in digestion buffer). Store the solution in aliquots
at —20°C. Do not refreeze after thawing.'

e Ix Hydrolysis buffer: 50 mM Tris HCl pH 8.5, 1 mM
EDTA pH 8.0, 0.5% (v/v) Tween 20. Store the buffer
in aliquots at —20°C. Do not refreeze after thawing.

9.2.2 Equipment

o Clean® adjustable pipettes, range: 1-10 ul, 10-100 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e 2 ml Safelock and 1.5 ml microreaction tubes
(nuclease free)

e Microtome, with new blades

e Cooling plate for cooling down the paraffin-
embedded tissue

e Centrifuge suitable for centrifugation of 2 ml micro-
reaction tubes at ~17,900 x g

e Thermoblock

e Thermomixer (e.g., Eppendorf)

e UV-light Photometer (wavelength [A]: 260 and
280 nm)

9.2.3 Method

* Cool the paraffin blocks on a cooling plate or at —20°C
in order to cut the sections.

* In order to avoid DNase cross-contaminations use a
new, clean microtome blade for every paraffin block
and clean the microtome with xylene. Cut 3-5 pm-
thick sections together representing at least 1 cm?
area of tissue and mount them on microscope slides.
As a negative control an open microreaction tube
containing Hydrolysis buffer may be put in the area
of the cutting. It is closed after the cutting proce-
dure and run in parallel with the other microreac-
tion tubes containing tissue material.

’Clean pipettes with DNase Away™ to avoid DNase and DNA
contamination. Alternatively, it is possible to clean pipettes by
first using mild detergent containing aqueous solutions, followed
by application of antiseptic alcohol solution (e.g., 70% (v/v)
ethanol) or another disinfectant and then leaving them under
UV light for at least 10 min.

e Deparaffinize sections twice in xylene for 10 min
each and twice in absolute ethanol for 10 min each
before air drying.

e Moisten the tissue with the Hydrolysis buffer and
scratch off the tissue using another sterile micro-
scope slide in a way one would prepare blood
smears. Transfer the moist tissue clump into a 2 ml
Safelock microreaction tube.® If microdissection is
necessary, the tissue might be microdissected by
scraping off the area of interest from the section
using a sterile scalpel blade and transferring it into
a new 2 ml Safelock microreaction tube. It might
be helpful to moisten the tip of the blade so that
the scratched-off tissue will adhere to it.

* Add 200 pl Hydrolysis buffer. The Hydrolysis
buffer should cover the tissue completely. If the
tissue adheres to the wall of the microreaction
tubes, briefly spin it down.

* Add 30 pl Proteinase K (25 mg/ml) to a final con-
centration of 3.26 mg/ml.

e Incubate overnight (at least 16 h); but for microdis-
sected tissue, incubate for a maximum of 5 h at
56°C while shaking (450 rpm).

* Inactivate Proteinase K by incubation at 95°C for
10 min.

e Centrifuge for 10 min at 14,000 rpm at room
temperature.

e Transfer the supernatant into a new microreaction
tube (0.5 or 1.5 ml tube) and discard the pellet.

* Determine the DNA concentration photometrically
at 260 nm* and use the digestion buffer as blank.
The A260/A280 ratio will be low because the lysate
is a crude DNA extract containing cellular proteins.
When working with microdissected tissue frag-
ments it might be difficult or even impossible to
obtain reliable absorbtion values at A260.

e Use the DNA extract for PCR analysis, or store it
at —20°C.

*Depending on the Thermomixer, smaller microreaction tubes
may be used.

“The concentration of dsDNA expressed in pg/pl is obtained
as follows: [DNA]=A,  xdilution factor x 50 x 1073, A clean
DNA preparation should have a A, /A ratio of 1.5-2.
This ratio is decreased by the presence of proteins, oligo-
and polysaccharides. Concentration estimation can be also
affected by phenol contamination, as phenol absorbs strongly
at 260 nm and therefore can mimic higher DNA yield and
purity.
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9.2.4 Troubleshooting

If the yield of DNA is low or DNA is absent by UV
measurement, decrease the dilution factor and mea-
sure the concentration again.

If DNA is absent, a nuclease contamination could
have occurred. In such case, clean the workspace
and pipettes with DNase Away™ and repeat the
extraction using freshly made reagents. These hints
may not apply when working with tissue fragments

isolated with the help of microdissection. In these
cases, the DNA contents may not be detectable in
the crude lysates or by photometry.
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10.1 Introduction and Purpose

DNA is usually extracted from fresh blood. However,
successful individual-specific DNA profiles are rou-
tinely obtained from any biological source (saliva, hair,
semen, etc.) containing nucleated cells, even from the
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can be important sources of contamination and even the
operator can contaminate the sample by his/her DNA
(by breathing, for example). For all these reasons, par-
ticular precautions have to be adopted when handling
forensic/aged samples. Moreover, the size of the foren-
sic specimen is usually very small so that the risk of
mistyping due to exogenous contamination increases
exponentially [1, 2].
10.2 Precautions
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. enough in case of DNA extraction from fresh blood,
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The particular precautions suggested for DNA
extraction from minute/aged samples are the following:

* DNA extraction should be performed in a separate
room dedicated solely for this purpose.

* Reagents, pipettes and disposables employed in that
room should be dedicated solely to DNA extraction.

» Pipettes have to be cleaned often with a solution of
bleach in water (10% v/v).

* Reagents are intended to be autoclaved or UV treated.

* Disposables should be UV treated.

* Nuclease-free aerosol-resistant pipette tips are
compulsory.

* Avoid handling large volumes of working solutions:
it is preferable to handle small-volume solutions.

*  Wear disposable latex gloves (to be changed often),
mask and white coat. The white coat should be left
in the extraction room and dedicated solely for this
purpose. In particular cases, wear a surgical cap and
a mono-use white coat.

* Discard the tips into a mono-use plastic container to
which 10% of bleach in water has been added.

* Do not extract the forensic sample (e.g. hair) and the
reference samples (e.g. fresh blood) simultaneously.

e Before opening the Eppendorf tubes containing
DNA, centrifuge them briefly to spin down any trace
of the sample from the tube cover: your thumb could
be an important source of cross-contamination.

e After use, clean the working desk and the inside
part of the centrifuge with 10% of bleach.

e Metallic instruments (forceps, scissors etc.) can be
sterilized on the Bunsen flame.

* Alongside the extraction procedure, always intro-
duce at least one blank extraction control (BEC).
Most simply, you have to perform a step-by-step
extraction from a lysis buffer in which no biological
components have been added (remember that the
BEC validates your PCR-based results; see also
Sect. 10.5.

e Record in a database the genetic profiles of all the
samples analysed in your laboratory as well as the
genotypes of the operators.

10.3 DNA Isolation from Blood Samples

This protocol is suitable for EDTA/blood. This proto-
col allows recovery of up to 30—40 pg of DNA, so it is
suitable for long-term replicate uses of the samples
(population genetics, for example). If the sample is a

clot, put a small part of it into an Eppendorf tube and
start from step 7 of Method 10.4.1.3.

10.3.1 Reagents

e Absolute ethanol: Fluka (02,860) and ethanol (70%)
in water (V/v).

e 10 mg/ml Proteinase K (stock solution): Sigma
(P2308). Dissolve 100 mg of Proteinase K in 10 ml
of autoclaved 50% glycerol. Store at —20°C.

e 3 M Sodium acetate solution: Fluka (71,196). Dilute
to 0.2 M with water (Milli Q) to provide the work-
ing solution.

e Sodium dodecyl sulphate (SDS): Sigma (L-71,725).
Prepare a 10% (w/v) solution in water. Weigh the
SDS in a fume cupboard, wearing the mask.

* 8-Hidroxy-quinoline: Sigma (H 6,752).

*  Phenol: Sigma (P9346).

¢ Chloroform (CHCL,): Fluka (25,670).

e Isoamyl alcohol (3-methylbutanol): Sigma (19392).

* Phenol/CHCl fisoamyl alcohol (25:24:1 v/vIv) solu-
tion. Mix 25 ml of Phenol, 24 ml of Chloform, 1 ml of
Isoamyl alcohol, and 50 mg of 8-Hydroxy-quinoline.
Remember that these substances are toxic: follow the
recommendations reported on the bottles. The mix-
ture is then equilibrated by forming an emulsion with
an equal volume of 10 mM Tris pH 7.5. Allow the
phases to separate, remove the upper phase and repeat
the process. Store at 4°C in a light-tight bottle.

10.3.2 Equipment

* Disinfected adjustable pipettes with the following
ranges: 0.5-10 ul, 20-200 pl, and100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

e Eppendorf tubes

* Centrifuge suitable for centrifugation of Eppendorf
tubes at full speed (12,000-14,000 rpm)

10.3.3 Method

Red Cells Lysis

1. Flip the blood tubes several times to ensure homo-
geneity. Transfer a 0.7 ml aliquot into an Eppendorf
tube.
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2. Adjust to 1.5 ml with sterile water; then centrifuge
the tubes at full speed (12,000-14,000 rpm) for
1 min in a micro-centrifuge.

3. Discard 1 ml from the supernatant of each tube
without disturbing the leukocyte pellet.

4. Add 1 ml of sterile water to each tube and gently
flip them. Centrifuge as described above. Remove
and discard the supernatant.

5. Add to each leukocyte pellet 375 ul of 0.2 M
Na-Acetate pH 7.0, 25 pl of 10% SDS, and 15 pl
of Proteinase K solution.

6. Resuspend the pellet by vortexing. Incubate at
37°C for at least 1 h (overnight incubation is sug-
gested for a higher recovery of DNA).

Phenol/Chloroform/isoamyl alcohol purification

7. Spin down the condensate from the tube walls.

8. Add 200 ul of the Phenol/CHCI,/Isoamyl alcohol
(25:24:1 v/vlv) solution and shake for about
10-20 s to obtain an emulsion.

9. Centrifuge the tubes for 2 min at full speed. The
upper aqueous phase' is transferred into a new
Eppendorf tube.

10. Precipitate the DNA by adding 1 ml of 100% etha-
nol. Close the tube and gently invert it until the
DNA is visible as a clot.

11. Spin down the precipitate. Remove and discard the
supernatant without disturbing the pellet.

12. Resuspend the pelletin 200 pl of 0.2 M Na-Acetate.
Incubate in a water bath at 55°C for about 10 min
or until suspended.

13. Precipitate the DNA with 500 pl of 100% ethanol
as described in step 10 and repeat step 11.

14. Wash the sample by adding 1 ml of 70% ethanol and
repeat point 11. Dry the pellet at 37 °C in an oven.

15. Add 200400 pl of sterile water. Redissolve the
sample at 37 °C for about 2-6 h. Store at —20°C
until use.

10.4 DNA Isolation from Forensic
Samples

Forensic analysis requires procedures which enable
the isolation of genomic DNA from a big variety of
biological samples usually adhering to solid (wood,

'Always take care not to remove any of the interface material or
the lower organic phase.

glass, metal, plastic) or soft substrata (cloth, paper,
cardboard, carpet, etc.). In addition, in some circum-
stances the biological specimens can be so tiny that
they are not visually appreciable.

One of most relevant concern in handling all these
samples is represented by the chemical composition of
the substrata themselves which can contain unknown
substances inhibiting Taq I polymerase, so leading to
PCR failure. Empirically, the smaller the amount of
the treated substratum, the higher the chance of a suc-
cessful outcome of the PCR.

The real case-work offers a virtually infinite set of
substrata. However, from a practical point of view,
they can be divided into:

e Absorbing substrata (AS): cloth, paper, wood, etc.
e Non-absorbing substrata (NAS): metal, plastic,
nylon, etc.

As a basic strategy, while for AS it is preferable to put
a small part of the whole specimen into the extraction
solution, for NAS it is more convenient to remove the
biological component from the substratum before
DNA extraction. DNA extraction from bones, soft tis-
sues, saliva swabs and post coital swabs will be con-
sidered separately.

10.4.1 DNA Extraction from Absorbing
Substrata

This protocol is suitable for blood stains, semen stains,”
saliva stains, cigarette butts,’ etc. It is always recom-
mended that at least half of the specimen is stored for
confirming tests.

10.4.1.1 Reagents

Note: In addition to Reagents of Sect. 10.3.1

e Physiological solution: (145 mM NaCl)

e Ix Lysis buffer (LB): (2% SDS, 100 mM NacCl,
40 mM DTT, 10 mM Tris pH 7.5, 10 mM Na, EDTA
pH 8.0). Aliquot small volumes of this solution

*For a differential lysis see Sect. 10.4.7

3For cigarette butts, remove the outer part of the filter using a
blade.



48

S.S. Cigliero et al.

(5-10 ml) and store them at —20°C. Before use,
melt at 37°C

e CHCL/Isoamyl alcohol (24:1 v/v) solution. Mix
24 ml of Chloroform and 1 ml of Isoamyl alcohol.
The mixture is equilibrated by forming an emulsion
with 10 mM Tris pH 7.5 (equal volume). Allow the
phases to separate, remove the upper phase and repeat
the process. Store at 4°C in a light-tight bottle

* Glycogen: 10 mg/ml in water (Bioline, BIO-37,077)

10.4.1.2 Equipment

Note: In addition to Equipment of Sect. 10.3.2

o Sterile surgical blades and tweezers

10.4.1.3 Method

1. Cut a piece of the stain (about 10-15 mm?) on a
Petri dish and put it into an Eppendorf tube.*
2. Add 1 ml of physiological solution.
3. Incubate the sample at room temperature for about
30 min, with occasional shaking.
4. Using a tip remove the substratum, squeezing it
well.
5. Centrifuge the sample at full speed for 5 min
(12,000-14,000 rpm).
6. Remove the supernatant without disturbing the
pellet.
7. Resuspend the pellet in 0.5-0.75 ml of LB and
20-30 pl of Proteinase K.
8. Incubate at 37 °C for at least 3—6 h. Centrifuge
briefly.
9. Add 300 ul of Phenol/CHCl,/Isoamyl alcohol
(25:24:1 vIv/Iv).
10. Vortex for about 10 s.
11. Centrifuge for 2 min at full speed (12,000-
14,000 rpm).
12. Transfer the supernatant in a new tube.
13. Repeat steps 9-12.
14. Add 300 pl of CHCI,/Isoamyl alcohol(24:1)
15. Vortex and centrifuge as described previously.

“If the stain is actually small (or not visible), put the substratum
directly into 500 pl of LB to which 30 pl of Proteinase K has
been added and start from point 8 of this method. Remember to
remove the substratum before phenol purification.

16. Transfer the supernatant in a new tube.

17. Precipitate the samples by adding 1/10 volume of
3 M Na-acetate pH 7.5, 2.5 volumes of absolute
ethanol and 1 pl of (10 mg/ml) glycogen. Leave
at —20°C for at least 3 h.

18. Centrifuge for 15 min at full speed®.

19. Discard the supernatant by a tip.

20. Wash by adding 1 ml of 70% ethanol; invert
the tube a few times and centrifuge at full speed
for 30 s.

21. Discard the supernatant as above.

22. Dry the DNA pellet in an oven at 37°C.

23. Add appropriate volume (20-50 pl) of sterile
water, resuspend the sample and store it at —20°C
until use.

10.4.2 DNA Extraction from
Non-absorbing Substrata

This protocol is suitable for DNA extraction from any
kind of biological material left on non-absorbing sub-
strata such as plastic, nylon, glass, etc.

10.4.2.1 Reagents

Note: In addition to Reagents of Sect. 10.4.1.1
e 2x Lysis buffer (4% SDS, 200 mM NaCl, 80 mM

DTT, 20 mM Tris pH 7.5, 20 mM Na,EDTA pH 8.0)
10.4.2.2 Equipment
Note: In addition to Equipment of Sect. 10.3.2

None
10.4.2.3 Method

1. Using a tipped pipette, dissolve the stain on the
surface using 150 pul of water (see footnote 4).

*When inserting the Eppendorf tube into the rotor, mark (or
remember) the position of the cover hinge. This will help you in
identifying the location of the pellet.
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2. Transfer this solution into an Eppendorf tube.

. Repeat step 1 on the surface of the substratum.

4. To about 300 pl of the recovered solution, add an
equal volume of 2x Lysis buffer and 30 pl of
Proteinase K.

5. Proceed as described from step 8 onwards in Method
Sect. 10.4.1.

SV

10.4.3 DNA Extraction from
Saliva Swabs

In the forensic practice, it is a validated procedure to
collect a saliva swab as reference sample. This is a safe
and robust protocol which allows obtaining enough
DNA to perform tens of genetic tests.

10.4.3.1 Reagents

Note: In addition to Reagents of Sect. 10.4.1.1
None

10.4.3.2 Equipment

Note: In addition to Equipment of Sect. 10.3.2
None

10.4.3.3 Method

1. Isolate the swab from the stick used to collect the
saliva from the mouth and put it into an Eppendorf
tube.®

2. Add 1 ml of physiological solution and incubate at
room temperature for 5-10 min, stirring occasion-
ally to remove the cells from the swab.

3. With a sterile tip, remove the cotton swab from the
stick, squeezing it well.

4. Centrifuge for 2 min at full speed and discard the
supernatant.

®Use no more than half a swab and store the remaining part
at =20°C.

5. Add to the pellet 500 pl of 0.2 M Na-Acetate,
25 ul of 10% SDS and 30 pl of Proteinase K
(10 mg/ml). Resuspend the pellet. Incubate at 37°C
for at least 2-3 h.

6. Purify the sample by adding 250 pl of phenol/
chloroform/isoamyl alcohol (25:24:1) as usual.

7. Precipitate by adding 1 ml of 100% ethanol and
1 pl of (10 mg/ml) glycogen. Leave at —20°C for at
least 3 h.

8. Centrifuge at full speed for 10 min. Discard the
supernatant and wash the pellet with 1 ml of 70%
ethanol without disturbing the pellet.

9. Centrifuge for 10 s.

10. Discard the ethanol without disturbing the
pellet.

11. Air dry and resuspend in an appropriate volume
(20-40 pl) of water. Store at —20°C until use.

10.4.4 DNA Extraction from Soft Tissues

Each biological tissue contains DNA suitable for
genetic typing. However, from decomposed bodies it is
preferable to perform DNA extraction from connective
tissues, as ligaments, cartilages, nails [4], etc.

10.4.4.1 Reagents

Note: In addition to Reagents of Sect. 10.4.1.1
None

10.4.4.2 Equipment
Note: In addition to Equipment of Sect. 10.3.2
e Ten millilitre tubes
10.4.4.3 Method
1. Put the sample (about 2040 mg) in a 10 ml tube

containing 5 ml of physiological solution.’
2. Shake briefly and discard the solution.

If the sample is mummified, before this step it is preferable
to incubate the sample in water at room temperature for at
least 12-18 h.
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. Repeat steps 1 and 2 twice.
. Place the sample on a Petri dish.
. Cut the sample into small pieces.
. Put the fragments into an Eppendorf tube.
. Add 0.5-0.75 ml of 1 X Lysis buffer and 40 ul of
Proteinase K.
. Incubate at 37°C for 2-3 h.®
9. Centrifuge briefly.
10. Add 20 pl of Proteinase K and proceed as described
from step 8 onwards in Method “DNA extraction
from absorbing substrata”

~N O L AW
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10.4.5 DNA Extraction from Hairs

Hair roots are a suitable source of nuclear DNA while
only mitochondrial DNA (mDNA) typing is expected
from hair shafts. However, an extensive SNP analysis
from a large =4,000-year-old-permafrost-preserved
hair tuft was recently reported [6].

10.4.5.1 Reagents

Note: In addition to Reagents of Sect. 10.4.1.1
None

10.4.5.2 Equipment

Note: In addition to Equipments of Sect. 10.3.2
None

10.4.5.3 Method

. Identify the hair root by a magnifying lens.

. Cut about 8—10 mm of that end with a blade.

. Place the sample into an Eppendorf tube.

. Add 0.5-0.75 ml of 1 X Lysis buffer and 40 pl of
Proteinase K.

5. Proceed as described from step 8 onwards in

Method “DNA extraction from absorbing substrata”

Sect. 10.4.1.

RESELOS I \S R

8As even a temperature of 37°C causes DNA damage [3], working
at room temperature is suggested for ancient samples [5].

10.4.6 DNA Extraction from Bone

Bones usually provide the last source of genetic mate-
rial of any individual. Before DNA extraction, their sur-
face needs to be cleaned carefully to remove both soil
and other several sources of contamination. In addition,
a decalcification step by the chelating Na,EDTA per-
mits a more efficient recovery of the genetic material
still present in the sample [7]. Long bones (femur, for
example) are usually preferable.’

10.4.6.1 Reagents

Note: In addition to Reagents of Sect. 10.4.1.1
e EDTA solution: Na,EDTA 0.5 M pH 8.0

10.4.6.2 Equipment

Note: In addition to Equipments of Sect. 10.3.2

* A large base (¢ about 4-5 cm) tube

e A saw (sterilized by UV radiation)

e Glass paper (sterilized by UV radiation)

e Ultra-filtration devices: Amicon® Ultra 100 kDa fil-
ter units (Millipore; cod. UFC 810,024 for volumes
<4 ml and cod. UFC510, 024 for volumes <0.5 ml)

* Centrifuge: for UFC 810, 024, a suitable centrifuge
allowing 4,000 rpm is required

10.4.6.3 Method

1. Remove the external surface of a section of the
bone by the glass paper.

2. Slice a section of about 3—5 mm thickness with the
saw.

3. Put the section in the large base tube and add about
20 ml of EDTA solution.

4. Incubate at room temperature for 18-48 h, with
gentle shaking.

5. Remove the bone section and put it into a Petri dish.

6. With a blazer, remove small fragments of the inner
part (medulla) of the section.

°The same protocol can be used for teeth. In this case, after
cleaning the surface using a sterile drill, the tooth has to be
divided by a longitudinal sawing and one of the two parts
processed as described for bones.
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7. Put them into an Eppendorf tube.
8. Add 0.5-0.75 ml of 1 X Lysis buffer and 40 ul of
Proteinase K.
9. Incubate at 37°C for 2-3 h."
10. Centrifuge briefly. Add 20 pl of Proteinase K and
incubate at 37°C for another 8—12 h.
11. Proceed from step 9 to step 16 of Method of
Sect. 10.4.1.
12. Purify the sample by ultra-filtration following the
manufactures protocols (at least three washes are
recommended).

10.4.7 Differential Lysis Between Sperm
and Epithelial Cells

Vaginal or anal swabs can contain a mixture of sperm and
epithelial cells. Although the employment of Y-specific
STR markers allows the identification of the male com-
pound, it is however preferable to separate the two genetic
fractions. This is usually performable by a preferential
lysis of the epithelial cells whose cellular membrane is
more sensitive to the SDS/Proteinase K treatment. Indeed,
by this procedure the more robust sperm cells can be
preferentially recovered by centrifugation.

10.4.7.1 Reagents

Note: In addition to Reagents of Sect. 10.4.1.1
None

10.4.7.2 Equipment

Note: In addition to Equipment of Sect. 10.3.2
None

10.4.7.3 Method
Differential Lysis

1. Isolate the swab from the stick (see footnote 6)
and put it into an Eppendorf tube.

1°As even a temperature of 37°C causes DNA damage [3], working
at room temperature is suggested for ancient samples [5].

2. Add 1 ml of physiological solution and incubate at
room temperature for 15 min, mixing occasionally
to remove the cells from the substratum.

3. With a sterile tip remove the cotton swab squeez-
ing it well.

4. Centrifuge for 3 min at full speed and discard the
supernatant without disturbing 50 pl of the pellet.!"

5. Resuspend the pellet in 500 pl of 1x LB supple-
mented with 15 pl Proteinase K (10 mg/ml). Mix
gently. Incubate for at least one hour at 56°C in
order to lyse the epithelial cells, but for less than 2
h to minimize the lysis of the sperm cells.

6. Centrifuge for 5 min.

7. Transfer all the supernatant, except 50 pl of the
pellet, into a clean Eppendorf tube (SN tube)'?

8. Resuspend the pellet gently in 200 pl of physio-
logical solution.

9. Centrifuge for 5 min at full speed.

10. Transfer the supernatant into the SN tube leaving
50 ul of the pellet in the original tube (OT).

11. Repeat step 8 twice by adding 200 pl of physio-
logical solution.

DNA Extraction from the Pellet (Sperm Fraction)

Proceed from step 7 in Method of Sect. 10.4.1.3 using
the pellet of the original tube (OT).

DNA Extraction from the Supernant (Epithelial
Fraction of the SN Tube)

Add 30 pl of Proteinase K and 20 pl of 10% SDS to
half volume of the supernatant and proceed from step
8 in Method of Sect. 10.4.1.3. Store the remaining
supernatant at —20°C.

10.4.8 DNA Extraction from Urine

Also urine is a source of DNA suitable for identifica-
tion purposes. Note, however, that a high amount of
bacterial contamination is expected.

"The pellet can be composed both by sperm and apithelial cells.
Thus, it is strongly recommended to analyze 1-2 pl
microscopically.

2The supernatant (SN) is employed for DNA extraction from
the epithelial fraction.
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10.4.8.1 Reagents

Note: In addition to Reagents of Sect. 10.4.1.1
None

10.4.8.2 Equipment

Note: In addition to Equipment of Sect. 10.3.2
None

10.4.8.3 Method

. Transfer 1 ml of urine into an Eppendorf tube.

. Centrifuge at full speed for 2 min.

. Remove the supernatant.

. Add to the pellet 1 ml of physiological solution.

. Resuspend the pellet gently and centrifuge at full
speed for 2 min.

. Remove the supernatant.

. Proceed from step 7 in Method of Sect. 10.4.1

DN AW N =

~N N

10.5 Remarks and Troubleshooting

By the employment of the protocols described above,
your samples should be ready for PCR amplification. If
the extraction protocol worked successfully on a suitable
biological sample, the amplification of a locus with low
molecular weight (no more than 200-300 bp) through
30-32 cycles of PCR should give the following results at
the checking mini-gel (see Chap. 17, Sect. 17.1):

¢ Positive PCR control; +

e Negative PCR control: —

¢ Blank extraction control (BEC): —

e Unknown sample (e.g. your sample): +

If the PCR controls (both + and —) are consistent, note
that a positive signal in “blank extraction control”
(BEC) indicates that contamination occurred alongside
the extraction procedure. In this case, it is mandatory
to perform a new extraction by freshly prepared solu-
tions and new consumables. However, genotype the
amplicons obtained from the BEC in any case: this
could help in the identification of the source of con-
tamination. In addition, these undesirable results are
often represented by non-specific PCR products, so a

correct interpretation of the genetic profile of the
unknown sample could be however performed.

Regrettably, it is quite common that aged/forensic
samples do not provide amplicons at all (- at checking
mini-gel). This unsuccessful outcome of amplification
is usually due to one of these two main reasons: (1) no
suitable template; (2) inhibition of the PCR.

No Suitable Template

Successful amplification outcomes require minimal
amounts of suitable template [3]. Nevertheless, the
genetic material obtained from aged/forensic samples
can be both degraded (e.g. of low molecular weight)
and chemically damaged [2, 8]. This means that no (or
low copy number of) entire templates are available for
PCR amplification. In addition, a high degree of exog-
enous (fungal/bacterial) contamination can be present.
All these features make the sample not or scarcely sen-
sitive to PCR amplification. If this is the case (see
Sect. 10.5.1) both a higher number of PCR cycles and a
higher amount of template could be enough. As last
chance, a new extraction can be performed employing
a much higher amount of the original specimen.

Inhibition of the PCR

A forensic or aged biological sample can be contami-
nated by several compounds which are co-purified
with the nucleic acids in spite of the accuracy of the
protocol employed. Out of these contaminating sub-
stances, several (for example, humic acid, tannins,
urea, etc.) are known to act as inhibitors of the DNA
polymerases. Sometimes, the presence of such sub-
stances is revealed simply by a visual check, being the
sample heavily coloured or cloudy. In other cases, a
particular fluorescence is appreciable at UV transillu-
mination (Fig. 10.1).

More often, no particular feature characterises these
contaminated samples, so a logical approach has to be
adopted to distinguish an actual inhibition of the
polymerisation [9, 10] from an unsuitable template (no
or low copy amount of entire templates).

If inhibition is identified (see the following section),
several strategies can be carried out. The first attempt
could be a further treatment of the sample by
Proteinase K treatment, phenol extraction and ethanol
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Fig. 10.1 UV transillumination of a 1% agarose gel (containing
EtBr) after electrophoresis. The circle in lane 2 shows a grey-
blue fluorescence contaminating the DNA preparation from a
2,100 year-old mummified tissue. This unknown contaminating
substance was removed by ultra-filtration (lane 3). Also note the
low molecular weight of this sample. Lanes 4 and 5: low molec-
ular weight control DNA; lanes 6 and 7: high molecular weight
control DNA; lane 1: easy ladder (Bioline); lane 8: A/Bam HI

precipitation. Nevertheless, this is sample-consuming
and often unsuccessful. Therefore, the employment of
centrifugal filter devices is more convenient because
these allow purification of the samples (see Equipment
of Sect. 10.4.6). Recently, the employment of Tag I
polymerases, which are less sensitive to inhibition, has
also been described [11].

10.5.1 Distinguishing Between No Suitable
Template and Inhibition of the PCR

The detection of PCR inhibitors can be performed by
several methods, among which Real-Time PCR is pre-
ferred [9, 10]. Although this approach is both sensitive
and accurate, it requires expensive equipments and
often the availability of commercial kits. Here we
describe a simple and inexpensive PCR-based method
routinely employed in our Laboratory as screening
assay. It is based upon the presence of an internal posi-
tive control (IPC) which is able to point out the pres-
ence of PCR inhibitors within the unknown sample.
In addition, since repeated Alu sequences are the target
of this PCR assay, a high sensitivity is also assured.

The described method allows the synthesis of a 262 bp
long fragment [12] from a sub-cellular amount (<1 pg)
of human control DNA.

10.5.1.1 Primers, Additional Reagents
and Standards

— Primers:P1:5GCCTGTAATCCCAGCACTTT3’;P:
5’GAGACAGGGTCTCGCTCTG3’.

— Mineral Oil®: (Sigma, M5904).

— High molecular weight human DNA (CTRL sam-
ple) at the concentration of 10 pg/ul (as determined
at DO, /DO

280)'

10.5.1.2 Method

PCRs are performed in a final volume of 15 pl through
28 cycles of denaturation at 94°C for 30 s, annealing at
60°C for 30 s and extension at 72°C for 30 s.

Set up the samples as follows:

* For n samples to test, prepare 13 pul x (2 n + 3) ofa
PCR mix containing 115 nM of each primer,
230 uM of dNTP, 1.7 mM of MgClz, 1.15 x buffer
and 1.15 U of Tagl polymerase. In a standard assay
(supposing that a single unknown sample has to be
analysed) the protocol of amplification should be
the following, as described in Table 10.1.

Assuming the consistency of the results from tubes 1
and 2, negative results both in tube 3 and 4 indicate
PCR inhibition while PCR failure only in tube 3 shows

Table 10.1 Description of the amplification protocol

PCR HO CTRL Unknown
mix (ul) (p[]) sample (ul)  (ul)
1 (+PCR) 13 1 1 -
2 (-PCR) 13 2 - -
3 Unknown 13 1 - 1
4 Competition 13 - 1 1
assay

PIn some thermal-cyclers mineral oil must be added to the
samples to prevent their evaporation. However, when handling
forensic/ancient samples it is always preferable to employ it to
prevent dispersions during PCR cycles.
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Fig. 10.2 Agarose gel electrophoresis of the Alu assay per-
formed to detect PCR inhibition (30 cycles). P: positive PCR
control (10 pg of high molecular weight DNA); p: positive con-
trol (1 pg of high molecular weight DNA); N: negative PCR
control; 1, 2, 3 and 4 indicate four aged forensic samples ampli-
fied as alone (—) and in the presence (+) of the internal positive

unsuitable template (no or low copy number of entire
template) (Fig. 10.2).

e Mix well and dispense 13 pl of this solution into the
PCR tubes (discarding the remaining volume of
about 13 pl).

* Cover this solution by a drop of mineral oil.

* Add the water into the tubes that require it.

* Finally add the DNA.

* Run the cycles as described above.

* Analyse 4 pl of each reaction by electrophoresis
through a 2% agarose gel containing EtBr as usual.
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11.1 Introduction and Purpose

Among the archive tissues, autopsy tissues may repre-
sent an important resource for the study of rare diseases,
neuropathology, cardiopathology, or molecular epidemi-
ology, because of the possibility to analyze both patho-
logical and normal tissues not available from other
sources. The tissue fixation step is usually performed in
a buffered formaldehyde solution, in the dark for about
24 h before paraffin wax embedding. This procedure is
not usually followed for autopsy tissues, which are gen-
erally fixed for longer periods of time. Several factors,
such as postmortem interval, the type of fixative, and the
fixation time could affect the quality and utilization of
nucleic acids from autoptic archive tissues. For example,
the extensive DNA degradation that is often found in
autoptic archival tissues (on average, fragments less than
100 bases long are produced) restricts PCR amplifica-
tion to very short sequences. This protocol provides a
method to partially restore DNA using a pre-PCR treat-
ment, which fills single-strand breaks. This method
allows the amplification of longer sequences ranging
300 bases without any modification to the usual DNA
extraction procedure [ 1, 2]. This method could be applied
even to DNA extracts from Bouin’s fixed tissues [2].

11.2 Protocol

11.2.1 Reagents

e Pre-PCR DNA restoration treatment solution: 10 mM
Tris-HCl (pH 8.3), 1.5 mM MgCl,, 2% Triton X-100,
and 200 uM of each ANTP

* Taq DNA Polymerase (e.g., Amersham)
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11.2.2 Equipment

Disinfected" adjustable pipettes, range: 2-20 pl,
20-200 pl, 100-1,000 pl

Autoclaved PCR tubes (0.2 ml)

Thermoblock

Thermomixer (e.g., Eppendorf)

11.2.3 Method

Incubate DNA samples for 1 h at 55°C in 100 pl of
Pre-PCR DNA restoration treatment solution.
After this incubation, add 1 unit of Taqg DNA
Polymerase and perform DNA polymerization at
72°C for 20 min.

!Clean the pipettes with alcohol or another disinfectant and leave
them under the UV lamp for almost 10 min. Alternatively, it is
possible to autoclave the pipettes according to the provider
instructions.

Store the treated samples at —20°C until they are
processed.

Just before PCR amplification, proceed with the
denaturation step: incubate 10 pl of restored DNA
solution at 95°C for 5 min and then immediately
chill on ice.

Add the PCR solution to the sample and proceed
with the amplification.
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tems have been described for RNA extraction from
FFPE [6]. Furthermore, some kits, commercially avail-
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activity (RNases are ubiquitous in living organisms and
exceptionally stable even after autoclaving) that can
easily contaminate RNA preparations. Moreover, RNA
is thermodynamically less stable than DNA because the
2'-OH group on the ribose ring promotes the hydrolytic
reaction. Such RNA degradation is increased at high
temperatures and pH. The following good laboratory
practices (GLP) are suggested:

*  Wipe bench surfaces, tube holders etc. with 100%
ethanol to remove contaminating microbes and their
RNases.

° Wear gloves all the time and change them fre-
quently; try to avoid touching surfaces that could be
contaminated by RNases.

e Use sterile and RNase-free materials. It is important
to underline that autoclaving will not remove
RNases. Sterile, disposable plasticware should pref-
erably be used if guaranteed RNase free.

* Employ glassware, plasticware, pipettors, and
buffers dedicated only for RNA experiments. This
equipment should be kept in dedicated RNase-free
areas.

* Prepare all solutions with DEPC-treated water and
in RNase-free glassware.

* During RNA isolation and reverse transcription, use
inhibitors of RNases.

e Store open solutions or buffers in small working
aliquots; discard each aliquot after use.

* Store RNA at —80°C in DEPC-treated water. Under
these conditions, no degradation of RNA is detect-
able after 1 year. Prepare disposable RNA aliquots
in order to reduce multiple freezing-thawing.

*  When handling RNA, keep it on ice and put it back
at —80°C as soon as possible.

e It is advisable to keep RNase-free reagents sepa-
rately, and their containers must never be touched
without gloves.

General laboratory glassware or plasticware can be
cleaned by soaking them for at least 2 h in a 10% solu-
tion of hydrogen peroxide or 1% SDS followed by thor-
ough washing with DEPC-treated water. Alternatively,
glassware could be put in oven at 250°C for at least 2 h.

After DEPC treatment, water is essentially free
from RNases and can be used to prepare solutions or to
rinse any items to be used for RNA isolation (e.g.,
apparatus for electrophoresis). Every solution for RNA
extraction should be treated with 0.1% DEPC or made
with DEPC-treated HZO. Note, however, that DEPC

reacts quickly with amines and so it cannot be used to
treat solutions containing Tris. Tris buffers should be
made using Tris prepared in DEPC-treated H,O.

It is better to weigh all the reagents by tapping
directly from the bottle on the technical balance cov-
ered by a new aluminium foil, without touching the
powder with any instrument. Alternatively, it is possi-
ble to use a stainless steel spatula or spoons that have
been pre-treated in an oven at 250° for at least 2 h.

12.3 Protocol

12.3.1 Reagents

All reagents should be RNase-free or DEPC-treated
and dedicated exclusively to RNA analysis:

* DEPC-treated water (DEPC H,0): Add 1 ml of
diethylpyrocarbonate (DEPC) (0.1% final concen-
tration) to 1 1 of sterile water and incubate overnight
at 37°C, then autoclave'

e Xylene (e.g., Fluka or Sigma-Aldrich)

e Absolute ethanol (e.g., Sigma), 90% and 70% ethanol

e 20 mg/ml Proteinase K (stock solution): (e.g., Sigma
P2303) Dissolve 100 mg of Proteinase K in 5 ml of
autoclaved 50% glycerol diluted in DEPC H,O.”
Store at —20°C

e | X Digestion buffer to be completed: 1.6 M
Guanidine Thiocyanate®, 30 mM Tris HCI pH 7.5,
0.72% N-Lauril Sarcosine. Store at room tempera-
ture in an aluminium-wrapped bottle. Complete the
solutionjustbeforeuse with0.2% 2-Mercaptoethanol
(final concentration)* and 6 mg/ml Proteinase K
(final concentration)

'DEPC is a carcinogen and should be handled with care under a
fume hood.

The solubilization of Proteinase K in 50% sterile glycerol keeps
the solution fluid at —20°C, with a better preservation of the
enzymatic activity.

3Guanidinium thiocyanate is a very strong protein denaturant,
which is used to denature all the cellular proteins including
RNases. It is harmful, so it must be handled under a fume hood.

42-Mercaptoethanol is toxic by inhalation, ingestion, and
through skin contact, and is a severe eye irritant. Use only with
adequate ventilation, and wear gloves and safety glasses.
Wasted 2-Mercaptoethanol must be placed in a chemical waste
container.
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* PhenolP-H,0%/CHCI, 70:30 or Phenol-citrate buff-
ered pH 4.3/CHCI, 70:30: Mix 7 parts of buffered
or H,O phenol with 3 parts of chloroform. Top the
organic phase with DEPC H,O or 0.1 M citrate buf-
fer pH 4.3 (about 1 cm high) and allow the phase to
separate. Store at 4°C in a light-tight bottle

» Iso-propanol or EtOH/0.8 M LiCl

* 1 mg/ml glycogen in DEPC H,O as a precipitation
carrier

12.3.2 Equipment

e Disinfected' adjustable pipettes, range: 2-20 pl,
20-200 pl, 100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

e 1.5 or 2 ml tubes (autoclaved)

e Single-packed toothpicks

o Sterile or disposable tweezers

*  Microtome with new blades

* Centrifuge suitable for centrifugation of 1.5 ml
tubes at 13,200 or 14,000 rpm

e Thermoblock

e Thermomixer (e.g., Eppendorf)

e Spectrophotometer

12.3.3 Method

12.3.3.1 Sample Preparation

* Cool the paraffin blocks at =20°C or on dry ice in
aluminium foil in order to cut the sections.?

SWe strongly recommend purchase of saturated phenol from a
commercial manufacturer.

The pH of Phenol/H,0 is around 5, because phenol makes the
water acidic during the process.

Clean the pipettes with alcohol or another disinfectant and leave
them under the UV lamp for at least 10 min. Alternatively, it is
possible to autoclave the pipette depending on the provider
instructions.

SWear gloves and change them frequently over the entire
procedure. Do not talk while handling the sample to avoid
introduction of saliva drops into the tubes. If possible, perform
the extraction under a laminar flow hood. After the deparaffini-
zation steps, the tubes must be kept on ice.

e Using a clean, sharp microtome blade,’ cut two to
ten sections of 5-10 pum thickness, depending on
the size of the sample. Discard the first section and
displace the others in a tube, using a sterile tooth-
pick or tweezers (depending on the section size).
Use some sections from a paraffin block without
tissue, treated together with the other specimens as
negative control analysis.!?

12.3.3.2 Deparaffinization (Optional ')

e Add 1 ml of xylene,'? vortex for 10" and then main-
tain the tube at room temperature (RT) for approxi-
mately 5 min.!

e Spin the tube for 5 min at maximum speed
(14,000 rpm) in a microcentrifuge and then care-
fully remove and discard the supernatant using a
micropipette or a glass Pasteur pipette.'*

* Repeat wash with a fresh aliquot of xylene.

e Wash the pellet adding 1 ml of absolute ethanol. Flick
the tubes to dislodge the pellet and then vortex the
tubes for 10 s. Leave at RT for approximately 5 min.

* Spin the tube for 5 min at maximum speed
(14,000 rpm) in a microcentrifuge and then care-
fully remove and discard the supernatant.

* Repeat washes using 90% and 70% ethanol.

e After removing 70% ethanol, allow the tissue pellet
to air dry in a thermoblock at 37°C for about 30 min.

°Clean the microtome with xylene.

RNA extraction from sections previously adhered on slides is
also possible. In this case, displace the slides in a jar for
histochemistry and deparaffinize the tissues by incubating
twice with xylene for 10 min. After the EtOH washings bring
the samples to water and scrape the sections from the slide by
the use of a needle and transfer it into a tube with the digestion
buffer as described in point 10. All the equipments used must
be RNase-free.

"t is possible to bypass the deparaffinization step by adding
the digestion buffer directly to the cut sections. In such case,
it is better to add a short incubation time of 5 min at 65°C to
rapidly melt the paraffin. Paraffin remains on the top of the
solution [8].

2When working with xylene, avoid breathing fumes; it is better
to perform the deparaffinization step under a fume hood.

BWear gloves when isolating and handling RNA to minimize
contamination with exogenous nucleases. Use autoclaved
pipette tips and 1.5 ml microcentrifuge tubes.

4Xylene is harmful; the wasted xylene must be collected in a
chemical waste container and discharged according to the local
hazardous chemical disposal procedures.
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12.3.3.3 Proteolytic Digestion
and RNA Extraction

* Add to the tissue pellet 150-300 pl of digestion
buffer supplemented with 2-mercaptoethanol (0.2%
final concentration) and Proteinase K at final con-
centration of 6 mg/ml. The amount of digestion buf-
fer depends on the section size. The digestion buffer
must cover the tissue pellet!® completely.

* Incubate in a thermomixer overnight'® at 55°C, shak-
ing moderately. For longer digestion time (>24 h),
Proteinase K can be added every 24 h.

e Add 1 volume of phenol-citrate buffered pH 4.3/
CHCI, (7:3 ratio)'® and mix well by gently inverting
the tube or vortexing."®

* Incubate the suspension in ice for 20 min.

e Centrifuge at 14,000 rpm at 4°C for 20 min. The
mixture separates into a lower organic phase,” an
interphase, and an upper aqueous phase.

e Transfer the upper phase to a new tube containing
5 ul of glycogen solution (1 mg/ml stock solution)

BIf the pellet is firmly lodged at the bottom of the tube, it is
possible to dislodge it in the digestion buffer using a sterile
toothpick.

"*Longer duration of digestion (up to 48 h) increases the yield of
the RNA, because it promotes a greater cross-link reversal.
Optional incubation in the digestion buffer at 70°C for 20 min
after the overnight digestion facilitates the disruption of cross-
links, resulting in improved quantity and quality of RNA.

"Phenol is very toxic and should be handled in a fume hood. The
wasted phenol must be collected with hazardous chemical waste.

8The extraction could be performed with 1 volume of phenol
(H,O saturated)-chloroform in the same ratio (70/30). Alter-
natively it is also possible to use chloroform-isoamyl alcohol
(24:1, v/v) instead of pure chloroform in the extraction. Usually,
isoamyl alcohol is added to the chloroform to prevent foaming.
Phenol is an inhibitor of PCR reaction, because of Taq
Polymerase inactivation. A single chloroform-isoamyl alchol
(24:1, v/v) extraction could be performed after the phenol (H,0
saturated)-chloroform extraction in order to completely remove
phenol traces.

Alternatively, it is possible to perform the extraction using a
monophasic commercial solution (i.e., Trizol, RNazol...). If this
procedure is chosen, do not proceed with the successive steps of
this protocol, but follow the manufacturer’s instruction.

2After the aqueous phase has been transferred into a new tube,
it is possible to extract DNA from the organic phase and
interphase by adding an equal volume of Tris 50 mM pH 8-8.5.
At this point, follow the protocol described in the chapter
“DNA extraction from FFPE tissues.” See also other specific
chapters dedicated to DNA extraction.

as precipitation carrier. Carefully avoid transferring
the protein-containing interphase.

e Precipitate with 1 volume of iso-propanol or 3
volumes of EtOH-LiCl (0.1 volume of 8 M LiCl
and 2-3 volumes of absolute ethanol)?' overnight
at —20°C.

e Centrifuge at 14,000 rpm at 4°C for 20 min and dis-
card the supernatant.

e Wash the pellet with 200 pl of 70% ethanol without
resuspending the pellet to wash the remaining salts.

e Air dry the pellet and resuspend the RNA pellet in
the appropriate amount of DEPC-treated water.

 Store the RNA solution at —70°C in aliquots.?

e For RNA measurement, pipette 199 pl of sterile
water into a fresh tube and add 1 pl of RNA extract.
Determine the RNA concentration photometrically
at 260 and 280 nm* (see Chap. 16, Sect. 16.2.1).

12.3.4 Troubleshooting

e If the yield of RNA is low, you may have lost the
RNA; in such case, repeat the entire process of
extraction.

» If the pellet is not visible after centrifugation, the
precipitation could have been incomplete because
of the absence of a precipitation carrier. Add 5 pl of
glycogen 1 mg/ml, and leave at —20°C overnight to
complete precipitation.

e If the yield of RNA is low by UV measurement
decrease the dilution factor to check the concentra-
tion and repeat the measuring.

2IAs LiCl is highly soluble in ethanol-containing solutions, the
salt is not coprecipitated with the nucleic acid even at =70°C.

2t is better to store RNA extracts in small aliquots in order to
prevent multiple thawing/freezing that may degrade the nucleic
acid.

The concentration of RNA expressed in pg/ul is obtained as
follows: [RNA]=A260 x dilution factor x40 x 10-3; for example,
when diluting 1 pl RNA in 199 pl sterile water, the dilution
factor is 200. A clean RNA preparation should have a A260/
A280 ratio of 1.5-2. This ratio is decreased by the presence of
proteins, oligo- and polysaccharides. Concentration estimation
can be also affected by phenol contamination. Also phenol
strongly absorbs at 260 nm and therefore can mimic higher
DNA vyield and purity.
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If RNA is absent, an RNase contamination could
have occurred. In such case, it is better to check all
the solutions and materials used along the extrac-
tion procedure, and repeat the entire process.
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performance in calcified tissue, it is necessary to choose
an appropriate protocol to decalcify the tissue in order
to perform histological, immunological, and molecular
studies. The protocol below describes the decalcifica-
tion procedure using formic acid and nitric acid [1].
For decalcified and non-decalcified FFPE tissue sam-
ples, we have standardized an RNA extraction protocol
based on a commercial kit (i.e., Pinpoint slide RNA
isolation systemll, Zymo Research Corp) [2—4]. This
kit for nucleic acid isolation is specifically developed
for archive tissues. Some modifications have been
made in order to obtain good-quality RNA, depending
on the type, volume, and treatment of the tissue [5].

The RNA extraction procedure is based mainly on
deparaffinization, tissue isolation, and proteolytic
digestion with Proteinase K. The time required for the
entire procedure is approximately 6 h.

13.2 Protocol

13.2.1 Reagents

Listed below are the products we use, but similar

M. Alberghini (5<), S. Benini, G. Gamberi, S. Cocchi, reagents from other manufacturers may be selected:
and L. Zanella L. . . . .
Pathology Department, Istituto Ortopedico Rizzoli, * Nitric acid 65% solution (Fluka or Sigma-Aldrich)
Bologna, Italy *  Formic acid 98% solution (Fluka or Sigma-Aldrich)
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e Xylene (Fluka or Sigma-Aldrich)

e Absolute, 96% and 70% ethanol (Fluka or Sigma-
Aldrich)

e 20 mg/ml Proteinase K (stock solution): (Zymo
Research Corp). Dissolve 5 mg of Proteinase K in
250 ul of storage glycerol Buffer. Store at —20°C.!

e RNAse Away* (Invitrogen) ready-to-use solution for
eliminating RNase and DNA contamination from
labware

e Sterile H,0

13.2.2 Equipment

* Disinfected adjustable pipettes,’ range: 0.1-2 pl,
2-10 pl, 20-200 pl, 100-1,000 i

* Nuclease-free aerosol-resistant pipette tips

e 1.5 ml tubes (autoclaved)

o Sterile or disposable tweezers

e Microtome, with new blade

e Orbital shaker

* Refrigerated MicroCentrifuge suitable for centrifu-
gation of 1.5 ml tubes

o Waterbath

e Spectrophotometer

e Clean Micro slides with ground edges (76 x26 mm)

e Glass bowl

* Rack for slides

13.2.3 Method

13.2.3.1 Bone Fixation and Bone Decalcification
Protocol

» For alarge bone specimen, cut the sample in a large
coronal or axial section using the band saw.*

IThe solubilization of Proteinase K in glycerol Buffer keeps the
solution fluid at —20°C, with a better preservation of the
enzymatic activity.

2Apply RNAse Away over the surface of glassware or plasticware
to be treated. Unwanted RNase and DNA contamination are
eliminated.

3Clean the pipettes with RNAse Away or leave them under the UV
lamp for about 10 min to prevent contaminations. Alternatively,
the pipette can be autoclaved, if possible, according to the
manufacturer’s specifications

“This step should be performed by two operators under a fume
hood.

* Fix the calcified sections in 4% neutral buffered
formalin® at room temperature for 24-48 h (for
biopsy specimens the time of fixation is approxi-
mately 6 h)

* Submerge the samples in the decalcifying solution®
at room temperature for 7-10 days depending on
size and calcification level (for biopsy specimens,
the decalcification time is about 1-3 h)

e Wash the samples in tap water to remove the decal-
cifying solution.

* Dissect the specimen into smaller samples, then pro-
ceed with routine paraffin-embedding tissue protocol.

13.2.3.2 Sample Preparation

» If possible, cool the paraffin blocks at —20°C or on
ice in order to facilitate cutting of the sections.’

e Using a clean, sharp microtome blade,® cut two to
five sections of 6-8 pum thickness depending on the
size of the sample. Discard the first section and dis-
place the other sections on a floating-out bath of
clean deionized water at 40°C.

* Mount the sections on clean glass slides using ster-
ile tweezers.

e Dry the sections at 60°C for 10 min.

e The first sections are used for RNA extraction;
while the last section is hematoxylin-eosin-stained
and used to check the morphology in order to select
the area with adequate cellularity and to compare it
with the unstained sections.

* Mark the selected area of interest for RNA isolation
with a diamond tip.

*Avoid breathing fumes when working with formalin. The
wasted formalin must be collected in a chemical waste container
and discharged according to the local hazardous chemical
disposal procedures.

°For 1 1 of decalcifying solution, mix 51ml of 98% formic acid

(5% final concentration), 30.8ml of 65% nitric acid (2% final
concentration), and 918.2 ml of distilled water. Formic acid and
nitric acid are corrosive solutions. Wear gloves and handle the
solutions under the chemical hood.

"Wear gloves when isolating and handling RNA or reagents for
RNA isolation to minimize the contamination with exogenous
RNAses. Use autoclaved pipette tips and 1.5 ml microcentrifuge
tubes.

%Clean the microtome and blade with RNAse Away. It is
recommended that the blade be changed after the cutting of
each paraffin block to avoid any potential contamination.
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13.2.3.3 Deparaffinization

* Submerge the slides in clean xylene at room tem-
perature for 1 h changing the xylene once after
approximately 30 min®.

e Hydrate the slides by washing progressively for
2 min in clean ethanol 100%, 96%, 75%, and then
in pure water'®.

¢ When the tissue has been decalcified, incubate the
hydrated slides in 0.001N EDTA pH 8.0 for 40 min
in orbital shaker at room temperature.

e Wash the slides in distilled water for 5 min. Repeat
this step.

e Air dry the sections, leaving the slide at room tem-
perature for approximately 10 min or under a hood
for 2—-3 min.

13.2.3.4 Tissue Isolation and Digestion

e Apply the Pinpoint solution to the selected area on
the slide to remove the tissue region. The amount of
solution depends on the tissue area'!

e Allow the Pinpoint solution to dry completely at
room temperature.'> When it is dry, it appears as a
blue film embedding the tissue and cells underneath.

* Remove the embedded tissue from the slide'® and
transfer to a sterile tube.

* Centrifuge briefly to locate the tissue sample at the
bottom of the tube

* Add to the recovered tissue, 25 pul of digestion buffer
1x supplemented with Proteinase K at a final con-
centration of 1 mg/ml and mix gently. The amount of

°Avoid breathing fumes when working with xylene. It is better

to perform the deparaffinization step under a chemical hood.
Xylene is harmful; the wasted xylene must be collected in a
chemical waste container and discharged according to the local
hazardous chemical disposal procedures.

"Make sure that ethanol dilutions used to RNA isolation
procedure, are performed in RNase-free water. This step is
performed in an orbital shaker (shaking moderately).

Use a sterile pipette tip or a glass pasteur to gently spread a
small amount of Pinpoint solution over the selected tissue
region. Generally, about 0.5 pl of Pinpoint solution is used per
mm? of tissue area. Usually, one drop of Pinpoint is adequate
for 25 mm? of tissue area. Four drops on tissue with appropriate
cellularity (using one to four slides) allow good results.

12Leave the slides for about 30—45 min; if left under the chemical
hood, 10-15 min are sufficient.

3Use a sterile blade or scalpel to cut and remove the embedded
section from the slide. Transfer the sample to a 1.5 ml tube.

digestion buffer depends on the amount of tissue.
The digestion buffer must cover the tissue pellet
completely.

* Incubate the tube in a waterbath at 55°C for 4 h'.

* Centrifuge the tube briefly at the end of incubation.

13.2.3.5 RNA Extraction

e Add 50 ul of RNA extraction Buffer and mix well
with a micropipette.

* Add 75 pl of 100% ethanol to the tube. Vortex lightly.

e Transfer the mixture to a Column in a 2 ml collec-
tion tube'®

e Spin the column at 10,000 rpm in a microcentrifuge
for 1 min.

* Add 200 ul of RNA wash buffer to the column and
centrifuge at 10,000 rpm for 1 min. Repeat this step.

e Transfer the column into a new RNase-free 1.5 ml
tube.

e Add 10 pl of distilled water directly to the mem-
brane. Wait for 2 min.

e Spin the column at 10,000 rpm in a microcentrifuge
for 1 min to elute the RNA'S

* For RNA measurement, pipette 121 pl of sterile
water into a fresh tube and add 4 pl of RNA extract
(dilution factor = 25). Determine the RNA concen-
tration photometrically at 260 and 280 nm (see
Chap. 16, Sect. 16.2.1)."

13.2.4 Troubleshooting

* RNA degradation. RNA is highly susceptible to
RNase digestion, we encourage the use of freshly
prepared sections. If a sample cannot be processed
immediately, store it at <70°C or submerge it in
96% ethanol at —20°C. Processing of tissue sections
stored for 1 month or more at room temperature is
not recommended.

“Vortex the tube every 30 min to improve the digestion.

'5Use one Column for each extraction tube.

The isolated RNA can be used directly for RT-PCR
amplification, or it can be stored at —70°C for future use.

"The concentration of RNA expressed in pg/ul is obtained as
follows: [RNA] = A260xdilution factorx40x 10~ (see Chap.
16). An appropriate RNA preparation from FFPE tissue should
have a A260/A280 ratio of 1.40-1.80. The ratio variability is
linked to the presence of proteins and oligo-, polysaccharides.
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e Insufficient RNA. Make sure an appropriate sampling
area is selected for processing. Select an area of the
tissue that will contain >50 cells. Increase the sam-
pling area if the tissue type contains few cells (e.g.,
fatty tissue, fibrous or cartilaginous tissue). The sam-
pling size can vary from 1 mm? to over 100 mm?.

* DNA contamination. Traces of fragmented DNA may
be present in the eluted RNA fraction. DNA-free RNA
can be obtained with subsequent DNase I treatment.
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The methods described hereafter could be added as
routine procedure to the RNA extraction protocols
especially for very old samples.

14.2 Precautions

Glassware, plasticware, micropipette, and reagents
must be kept in specifically dedicated RNase-free
areas. Sterile, disposable plasticware should preferably
be used. General laboratory glassware or plasticware
should be presoaked in 0.1% DEPC-treated H,O for
2 h at 37°C. The DEPC-treated items should be rinsed
thoroughly with DEPC H,O and then autoclaved.
Alternatively, glassware could be put in oven at 250°C
for at least 2 h.

After DEPC treatment the water is essentially free
from RNases and can be used to prepare solutions or to
rinse any items to use for RNA isolation. Every solution
for RNA extraction should be treated with 0.1% DEPC
or made with DEPC H,O. Note, however, that DEPC
reacts quickly with amines and so it cannot be used to
treat solutions containing Tris. Tris buffers should be
made using Tris prepared in already DEPC-treated H,O.

It is better to weigh all the reagents by tapping
directly from the bottle on the technical balance cov-
ered by a new aluminium foil, without touching the
powder with any instrument. Alternatively, it is possi-
ble to use stainless steel spatula or spoons that have
been previously treated in oven at 250° for at least 2 h.

14.3 Protocol

14.3.1 Reagents

Note: All reagents should be RNase-free or DEPC-
treated and used exclusively for RNA analysis.

* DEPC-treated water (H,0 DEPC): Add 1 ml of
diethylpirocarbonate (DEPC) (0.1% final concen-
tration) to 1 1 of sterile water and incubate overnight
at 37°C; then autoclave!

e TE buffer I1x pH 7.5: 10 mM Tris-HCI (pH 7.5) and
1 mM EDTA (pH 8.0). Stock solution 10x. For this
purpose it is possible to use both pH 7.5 or pH 8 TE

'DEPC is a carcinogen and should be handled with care under a
fume hood.

buffers; however, in our experience we obtained
better results by using TE buffer pH 7.5

e TE buffer 10x: 100 ml 1 M Tris-HCI pH 7.5, 20 ml
500 mM EDTA pH 8.0, 880 ml DEPC water.
Autoclave

14.3.2 Equipment

 Disinfected® adjustable pipettes, range: 2-20 pl,
20-200 pl, 100-1,000 pul

*  Nuclease-free aerosol-resistant pipette tips

e 1.5 or 2 ml tubes (autoclaved)

e Thermoblock

14.3.3 Method |

Note: Derived from Masuda [1] with minor modifica-
tions; it can be used in already extracted RNA.

1. RNA pellets from standard extraction procedure?
(See Chap. 12 for details) should be resuspended in
about 20 pl of TE buffer 1x pH 7.5.

. Incubate in a thermoblock at 70°C for 20 min.*

. Chill on ice.

. Spin down briefly to collect the drops.

. Store the RNA solution at —70°C in aliquots®.

. For RNA measurement, pipette 199 ul of sterile
water into a fresh tube and add 1 pl of RNA extract.
Determine the RNA concentration photometrically
at 260 and 280 nm® (See Chap. 16).

AN N AW N

2Clean the pipettes with alcohol or another disinfectant and leave

them under the UV lamp for at least 10 min. Alternatively, it is
possible to autoclave the pipette depending on the provider
instructions.

3For this demodification method, it is not mandatory to use the
RNA extraction protocol described in this book; any extraction
procedure, even commercial kits, can be used.

“It is possible to protract this step up to 1 h; however, in our
experience, the best results have been obtained by heating at
70°C for 20 min.

It is better to store RNA extracts in small aliquots to prevent
multiple thawing/freezing, which may degrade the nucleic acid.

“The concentration of RNA expressed in pg/ul is obtained as
follows: [RNA]= AL X dilution factor x 40 x 1073; for example,
when diluting 1 pl RNA in 199 pl sterile water, the dilution
factor is 200. A clean RNA preparation should have a A, /A, |
ratio of 1.5-2.0. This ratio is decreased by the presence of

proteins, phenol and oligo-, polysaccharides.
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14.3.4 Method Il [3]

Note: It can be used during RNA extraction procedures
using the crude RNA extract after the proteolysis step.

1. Crude RNA extracts (after the proteolysis step) in
Proteinase K buffer” (See Chap. 12 for details) should
be incubated in a thermoblock at 70°C for 20 min.

2. Chill on ice.

3. Spin down briefly to collect the drops on the tube
walls and proceed with protocol for RNA extraction
to purify RNA extracts.

14.3.5 Troubleshooting

e If the yield of RNA is low by UV measurement
decrease the dilution factor to check the concentra-
tion and repeat the measuring.

For this demodification method, it is not mandatory to use the
proteinase K digestion buffer described in this book; any
proteinase K buffer could be used, even the ones provided in
commercial kits or commercial solutions.

If RNA is absent, an RNase contamination could
have occurred. In such case, it is better to check all
the solutions and materials used along the extrac-
tion procedure, and repeat the entire process.
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15.1 Introduction and Purpose

Formalin-fixed paraffin-embedded (FFPE) tissues are
valuable samples for the study of human cancer, since
they are generally retrieved with extensively docu-
mented clinico-pathological histories. Isolating nucleic
acids from archived samples has the potential to unlock
a wealth of additional information and could facilitate
the study of human cancer at the molecular level.

While a standard method of preservation using for-
malin is ideal for maintaining the tissue structure and
preventing putrefaction, they pose challenges for the
molecular analyses of these samples. Nucleic acids
become trapped and modified through protein—nucleic
acid and nucleic acid—nucleic acid cross-links. RNA
isolated from FFPE samples is often fragmented to a
random range of sizes and chemically modified to a
degree that is incompatible with many molecular anal-
ysis techniques.

MicroRNAs (miRNAs) are a class of 20-25 nucleotide-
long noncoding RNAs that modulate gene expression
and play a crucial role in many cellular processes, tum-
origenesis included [1]. Recently identified, miRNAs
have a diagnostic and prognostic potential for various
diseases, most notably for cancer. In particular, miRNA
expression profiling has been associated with the diag-
nosis, progression, and prognosis of many human
tumors [2]. To realize such a potential, expression anal-
ysis of miRNA expression using archived FFPE sam-
ples is one of the key components [3]. Microarray-based
hybridization has proven to be a powerful technique
for miRNA profiling in these samples. Currently, the
locked nucleic acid (LNA)-based miRNA array repre-
sents one of the most sensitive platforms for miRNA
array expression analysis in both FFPE samples and
fresh tissues [3].

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 71
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Several technical issues must be considered when
using FFPE for miRNA expression analysis. The pri-
mary challenge is the extraction of total RNA that
appropriately retains the small RNAs. Most methods
for extracting RNA from FFPE samples have been
optimized for recovery of significantly longer RNAs.
Extensive cross-linking of miRNA with proteins dur-
ing fixation makes miRNA more resistant to extraction.
Enzyme degradation, which occurs before and during
the fixation process, as well as chemical degradation,
results in decreased miRNA yield and integrity. Finally,
formalin is responsible for forming mono-methylol
adducts with bases of nucleic acids, in particular with
adenine. This covalent modification reduces the effi-
ciency of reverse transcription in qRT-PCR and nega-
tively affects the performance of miRNA samples in
other downstream applications. However, recent stud-
ies in FFPE have shown that miRNAs are more acces-
sible to expression analysis than mRNA, making them
good candidates for biomarker discovery. For example,
Siebolts et al. [2,3] showed in their studies that miRNA
accessibility is not affected by prolonged formalin fix-
ation and seems to be comparable to snap-frozen mate-
rial. Moreover, several studies support the notion that
miRNAs may be more stable or more easily recovered
than mRNAs, due to their small size. The longer an
RNA molecule is, the greater the probability that a
cross-link still exists after the Proteinase K digestion
[4]. So the extraction of a small molecule seems more
accessible than the larger one. This result determines
the clear advantage of using miRNA for biomarker dis-
covery compared to mRNA [4,5].

Several kits for the total RNA isolation from FFPE
are available:

e “RecoverAll Total Nucleic Acid Isolation Kit”
(Ambion, Austin, TX) for extraction of total RNA
from archived fixed tissues. This protocol allows
the robust and reproducible recovery of an approxi-
mately twofold higher yield of total RNA, miRNA
included [5]

* “Rneasy FFPE kit” (Quiagen, Valencia, CA); a sup-
plementary protocol can be used for copurification
of total RNA and miRNA from FFPE [5]

e “PureLink FFPE RNA Isolation kit” (Invitrogen,
Carlsbad, CA)

e “High Pure miRNA isolation kit” (Roche, Indiana-
polis, IN)

The recovery of miRNA can be detected by means of
Real-Time Quantitative RT-PCR, after a reverse tran-
scriptionreaction. Forexample, the “TagMan MicroRNA
reverse transcriptase kit” (Applied Byosistems, Cali-
fornia, CA) and the “TagMan MicroRNA assay kit”
(Applied Byosistems, California, CA) can be used in
order, following the manufacturer’s instructions [2].

As an alternative, it is possible to investigate the
miRNA expression profiles of FFPE samples with
Locked nucleic acid (LNA)-based miRNA array anal-
ysis using:

* “miRCURY LNA microRNA Array labeling kit”
(Exiqon Inc.) for the labelling

e “miRCURY LNA microRNA Array” (Exiqon Inc.)
for detection.

Among the currently available methods for miRNA
extraction from FFPE, our laboratory selected the com-
mercial High Pure miRNA isolation Kit (Roche, Indiana-
polis, IN), introducing some minor modifications.

15.2 Protocol

15.2.1 Reagents

Note: Reagents from specific companies are reported
here, but similar reagents from other providers could
be used:

* High Pure miRNA isolation Kit (Roche, cat. No. 05
080 576 001). It contains:

— Paraffin Tissue Lysis Buffer

— Proteinase K, 20 mg/ml (Roche, stock solution):
Dissolve 100 mg of Proteinase K in 4.5 ml of
nuclease-free, sterile, double-distilled water. Store
at —20°C

— Binding buffer: For tissue and cell disruption.
For one sample, mix 80 pl of Binding Buffer and
320 pl of nuclease-free, sterile, double-distilled
water (or Elution Buffer) in a sterile RNase-free
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tube to prepare 20% Binding Buffer. Contains
guanidine-thiocyanate'
— Binding enhancer
— Elution buffer: Nuclease-free, sterile, double-
distilled water
— Wash buffer: Add 40 ml absolute ethanol to wash
buffer. It removes large polynucleotides, salts,
and proteins
* Xylene (Fluka or Sigma-Aldrich)
e Absolute ethanol (Sigma)
e 10% SDS solution (Sigma): Added to the lysis buffer

15.2.2 Equipment

* High pure filter tubes (two bags with 50 columns
for processing up to 700 pl sample volume) and
Collection Tubes (two bags with 50 polypropylene
tubes [2 ml]) contained in the High Pure miRNA
isolation Kit (Roche)

e Microtome, with new blade

* Disinfected adjustable pipettes, range: 2-20 pul,
20-200 pl, 100-1,000 ul

e Centrifuge suitable for centrifugation of 1.5 ml
tubes at 13,200 or 14,000 rpm

e Thermoblock

e Thermomixer (i.e. Eppendorf)

e Spectrophotometer

'Guanidine-thiocyanate in Binding Buffer is an irritant. Always
wear gloves and follow standard safety precautions to minimize
contact when handling. Do not let these buffers touch your skin,
eyes, or mucous membranes. If contact does occur, wash the
affected area immediately with large amounts of water; other-
wise, the reagent may cause burns. If you spill the reagent, dilute
the spill with water before wiping it up. Never store or use the
Binding Buffer near human or animal food. Always wear gloves
and follow standard safety precautions when handling these
buffers. Guanidine-thiocyanate in Binding Buffer can form toxic
gases when combined with bleach or acid. If a spilled sample
containing this solution is potentially infectious, do not directly
add bleach for decontamination.

15.2.3 Method

General precautions should be taken when working
with RNA:

e Wear gloves at all times

* Use nuclease-free aerosol-resistant pipette tips
e Use autoclaved 1.5 ml tubes

» Use sterile or disposable tweezers

15.2.3.1 Sample Preparation

e Put the tissue block on a cold plate.

e Using a clean, sharp microtome blade, cut two to
ten? sections of 5-10 pm thickness depending on
the size of the sample. Displace the section in 1.5 ml
tubes, using a sterile toothpick or tweezers (depend-
ing on the section size). Use some sections from
a paraffin block without included tissue, treated
together with other samples, for negative control
analysis.

15.2.3.2 Deparaffinization

* Add 800 pl Xylene, incubate for 5 min, and mix by
shaking.

* Add 400 pl ethanol abs. and mix. Centrifuge for
2 min at 14,000 rpm and discard supernatant.

* Add 1 ml ethanol abs. and mix by shaking and
centrifuge for 2 min at 14,000 rpm and discard
supernatant.

e Invert tube and blot briefly on a paper towel to get
rid of residual ethanol. Dry the tissue pellet for
10 min at 55°C.

e Proceed with miRNA isolation from FFPE tissue.

*Kit requires only one tissue section of 5-10 um thickness.
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15.2.3.3 Proteolytic Digestion and
miRNA Extraction’

* Add 100 pl Paraffin Tissue Lysis Buffer, 16 ul 10%
SDS, and 40 pul Proteinase K working solution to
each deparaffinized sample as described above and
vortex three times for 5 s.

* To increase yield, incubate at 55°C for at least 3 h (up
to overnight) shaking moderately. For longer diges-
tion, proteinase K can be added again every 24 h.

* Add 325 pl Binding Buffer and vortex briefly.

* Add 120 pl Binding Enhancer, and vortex three
times for 5 s.

e Combine the High Pure filter tube with a 2 ml col-
lection tube and pipette the lysate into the upper
reservoir.*

e Centrifuge for 30 s at 14,000 rpm in a microcentri-
fuge and collect the flowthrough.

° Add 205 pl Binding Enhancer and vortex three
times for 5 s.

e Combine the High Pure filter tube with a collection
tube and pipette the whole mixture from the previ-
ous step into the upper reservoir.

e Centrifuge for 30 s at 14,000 rpm, and discard the
flowthrough. These two steps can be repeated, in
order to load the column with additional sample
material (do not overload the column).

° Add 500 pl Wash Buffer working solution and
Centrifuge for 30 s at 14,000 rpm, discard the
flowthrough.

* Add 300 pl Wash Buffer working solution and as
described in the previous step. Centrifuge for 30 s at
14,000 rpm, discard the flowthrough.

e Centrifuge at 14,000 rpm for 1 min, in order to dry
the filter fleece completely.

* Place the High Pure filter tube into a fresh 1.5 ml
microcentrifuge tube, add 100 pl Elution Buffer’,
and incubate for 1 min at 15-25°C.

* Centrifuge for 1 min at 14,000 rpm.

3Tt is possible to modify this protocol in order to use only one
column; however, this may lead to higher DNA contamination.

“To minimize the pipetting steps, a 2 ml microcentrifuge tube
can be used instead of the collection tube.

>To increase RNA concentration of your sample, elution with
50 pl Elution Buffer is possible.

15.2.4 Troubleshooting

If the amount of miRNA is too low, the causes may be
different:

Kit stored under nonoptimal conditions. Store kit at
+15°C to +25°C at all times upon arrival.

High levels of RNase activity. Be careful to create
an RNase-free working environment. Process sam-
ple immediately or store at 80°C until it can be pro-
cessed. Use eluted RNA directly in downstream
procedures or store immediately at 80°C.
Insufficient disruption or homogenization. Add
more 20% Binding Buffer and repeat the homoge-
nization step to reduce viscosity.

Incomplete elution. Elute RNA with 2 volumes of
Elution Buffer (50 pl each). Make sure to centri-
fuge after each addition of Elution Buffer.
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16.1 Introduction and Purpose

Several procedures are available for quantification of
nucleic acids. Since the data obtained with different
methods are not directly comparable [1], it’s essential
to choose the same approach when a comparison of
data from different reports has to be done. Some of the
following methods give information of both quantity
and quality of nucleic acids. All the reported methods
are more or less suitable for nucleic acids extracted
from formalin-fixed and paraffin-embedded (FFPE)
tissues. It should also be taken into account that when
RNA concentration is measured, it involves mostly
ribosomal RNA that represents 85% of the total RNA
in a cell (mRNA is present at 1-5%).

Methods for nucleic acid quantification have been
divided according to whether quantification relies on
spectrophotometric measurement, reading in presence
of a fluorescent dye, or on real-time amplification.

16.2 Methods

16.2.1 Spectrophotometric
Quantification

The spectrophotometer is the most common device
used to determine the quantity of the extracted nucleic
acids. Concentration is estimated through absorbance
reading. Measurements of the absorbance are
recorded at different wavelengths to calculate DNA/
RNA concentration and the presence of contami-
nants. The following absorbance lengths are usually
analyzed:

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 75
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e A260 nm: Both DNA and RNA concentrations
are read at this wavelength, therefore this
measurement cannot distinguish between the
two nucleic acids. This value is used in the fol-
lowing formula to obtain the nucleic acid concen-
tration (Lambert—-Beer law):

(16.1)

C,. ., = Axdil. factorx e x 107

ug/ul
where A is the absorbance, dilution factor (dil.
factor) is the ratio between the total volume used
for the measurement and the volume of sample,
€ (molar extinction coefficient) is a physical con-
stant that is unique for each substance and describes
the amount of absorbance at 260 nm (A,) of
1 mole/l of nucleic acid solution measured in a
1 cm path-length cuvette. The molar extinction
coefficient is 50 for double-stranded DNA
(dsDNA), 40 for RNA, and 33 for oligonucle-
otides. Estimation of nucleic acid concentration
can be affected by phenol contamination. Since
phenol strongly absorbs at 260 nm, it can falsely
increase DNA yield and purity.

* A260/230 nm ratio: It gives the level of contamina-
tion from copurified organic compounds (sugars,
heparin, guanidine isothiocyanate...) that could
inhibit downstream experiments. A260/230 ratio
>1.8 for both DNA and RNA is indicative of a
“pure” nucleic acid preparation. This type of con-
tamination is common in biological samples.

e A260/280 nm ratio: It gives the level of contamina-
tion from proteins, salts, and other copurified
reagents. A260/280 nm ratio >1.8 for both DNA
and RNA is indicative of a “pure” nucleic acid
preparation.

16.2.1.1 Conventional Spectrophotometer

It requires that the DNA/RNA sample is diluted before
quantification. Depending on the expected concentra-
tion, 2-3 pl of sample diluted in 100-500 pl of H,O is
normally used.

Major disadvantages of this method are the poor
sensitivity (the lower limit is generally 0.5-1 pug
nucleic acid) and the interferences in signal reading by
contaminating components such as nucleotides, pro-
teins, and salts present in the solution.

16.2.1.2 NanoDrop (e.g., ND-3300, NanoDrop
Technologies, USA)'

The NanoDrop is a modern spectrophotometer for
highly sensitive quantification of DNA and RNA (pro-
teins included). A major advantage of this system is
that it requires very low sample consumption, which is
very useful when using FFPE, and it is very reliable
because no sample dilutions are necessary.> As a con-
ventional spectrophotometer, it gives information
about nucleic acid concentration (but it can also distin-
guish between DNA and RNA) and about the presence
of contaminants. The results are acquired on a PC soft-
ware programme (Fig. 16.1).

16.2.2 Quantification with
a Fluorescent Dye

This approach relies on the measurement of the fluo-
rescence emitted by a dye when it is intercalated in the
DNA or RNA filaments. Emitted fluorescence is pro-
portional to DNA/RNA sample concentration. The
choice of the method depends on the nature of the
material that should be measured.

16.2.2.1 Ethidium Bromide Gel-Based Assays

This approach can be used for quantification of both
PCR product bands and genomic DNA (less commonly
for RNA), but it is not the best choice when a precise
quantification is required. For PCR product quantifica-
tion, the assay can be easily performed by electrophore-
sis of the sample in an agarose gel stained with ethidium
bromide (see Sect. 17.2 and Appendix A). The agarose
percentage depends on the length of the fragment that
has to be resolved.* Quantification can be carried out by

!See http://www.nanodrop.com/ for details.

>The measurement is performed by pipetting 1 pl of nucleic acid
solution directly onto the pedestal of the instrument.

A 0.7% gel shows a good resolution of large fragments
(5-10 kb), while a 2% gel will show a good resolution for small
fragments (0.2—-1 kb). For smaller fragments a vertical
polyacrylamide gel is more appropriate (see Appendix A and
Appendix B for more details).


http://www.nanodrop.com/
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acquiring the gel image with a standard gel imaging
instrument and calculating the band intensity with dedi-
cated software. The comparison with known reference
DNAs allows a relative quantification.

An alternative method, especially for genomic
DNA, is to spot the DNA sample directly on an aga-
rose gel prepared in a small Petri capsule together with
four or five reference DNAs at known concentration.
This gel must be treated with ethidium bromide solu-
tion and evaluated at a UV transilluminator by direct
comparison.

16.2.2.2 SYBR Green | Method*

SYBR Green I dye is a highly sensitive fluorescent
stain for detecting single-stranded DNA (ssDNA) and
dsDNA in agarose and polyacrylamide gels. It can also
detect RNA, but with much lower sensitivity. This dye
is approximately 25-100 times more sensitive than
ethidium bromide staining and much less mutagenic.

16.2.2.3 PicoGreen Method’

PicoGreen is an ultrasensitive fluorescent nucleic acid
stain for quantification of dsDNA in solution. It enables
the quantification of less than 25 ng/ml of dsDNA
using a standard spectrofluorometer or a fluorescence
microplate. This method is ~500-fold more sensitive
than absorbance measurements at 260 nm and the
concentration measurement is not affected by contam-
inants (nucleotides, single-strand nucleic acids, pro-
teins, organic compounds...).

16.2.2.4 RiboGreen Method®

RiboGreen is an ultrasensitive fluorescent nucleic acid
stain for measuring RNA concentration in solution.

4See Roche datasheet at the website: https://www.roche-applied-
science.com/pack-insert/1988131a.pdf. Equal reagents from
other companies may be used.

Provided by Molecular Probes. Datasheet is available at the
website: http://probes.invitrogen.com/media/pis/mp07581.pdf.
Equal reagents from other companies may be used.

°See Molecular Probes, web site: http://probes.invitrogen.com/
media/pis/mp11490.pdf.

The use of this reagent requires the availability of a
spectrofluorometer or a fluorescence microplate and
the preparation of a titration curve before each experi-
ment. The method is ~1,000-fold more sensitive than
absorbance measurements at 260 nm and ~200-fold
more sensitive than ethidium bromide-based assays,
allowing detection of 1 ng RNA/ml. Signal intensity
of RiboGreen can be affected by several compounds
that commonly contaminate nucleic acid prepara-
tions, so it should be advisable to make a prelimi-
nary quantification by spectrophotometer to ensure
the purity of the sample. It does not discriminate
between DNA and RNA; for this reason, a treatment
with DNase should be performed before RNA quan-
tification. For practical details, follow the manufac-
turer’s instructions.

16.2.2.5 Agilent 2100 Bioanalyzer’

This approach is more commonly used for the determi-
nation of degradation levels in nucleic acid samples
(see Chap. 17). However, this microfluidic capillary
electrophoresis system is also a very sensitive tool for
calculation of DNA and RNA quantity. The instrument
uses a laser for excitation of intercalating fluorescent
dyes offering a high level of sensitivity.

16.2.3 Quantification by Real-time PCR

Real-time PCR can be used as an alternative method
for the concentration estimation of both DNA and
RNA when the starting material is extremely poor.
This quantification procedure is based on the absolute
quantification of specific target sequences (DNA or
cDNA sequence depending on the origin of the start-
ing material) [2]. The absolute quantitation relies on a
curve generated from serially diluted standards of
known concentrations or number of copies. The stan-
dard curve produces a linear relationship between Ct
and initial amounts of the standard, allowing the

See http://www.chem.agilent.com/Scripts/PDS.asp?IPage=51
for more details.
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determination of the concentration/number of copies
of the unknown target sequences based on their Ct
values. This method assumes that all standards and
samples have approximately equal amplification effi-
ciencies. The standard used for the curve can be a
fragment of dsDNA, ssDNA, or complementary RNA
(cRNA) containing the target sequence. The inner
standard can be obtained by in vitro transcription
(cRNA), by cloning into a plasmid (DNA), or by puri-
fication of a PCR product. The primer pair for the tar-
get sequence should be designed in order to produce

an amplicon no longer than 70 bases (for general
information on real-time PCR set up see Chap. 25).
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17.1 Introduction and Purpose

The level of degradation of nucleic acids, and espe-
cially of RNA, is a very important parameter to assess
assay amenability when using fixed and paraffin-
embedded (FPE) samples. The reason for this is that

17.3.1 Reagents..... 82 .., . .
1732 Equipment.. Togy s not a very well predictable phenomengn .and its
17.3.3 MethOd ..oosceoooeeeeoeeeeeeeeseeeeseee e g2  variable effects may false the results of qualitative and
uantitative analysis on DNA and RNA. This variabil-
17.4 PCR Amplification of DNA Fragments q y . . .
of Increasing Length...................cocconnnnn. g3 1ty depends on both biological and technical factors
(type of tissue, fixation parameters, sample process-
17.5 RT-PCR Amplification of mRNA Fragments . . .
. ing...). The degradation levels can be measured by dif-
of Increasing Length....................c.cccoinnnn. 83 -
. ferent approaches and they are chosen according to the
17.6  3'/5' mRNA Integrity Assay .........c.ccccocevevuenennne. 84 nature of the nucleic acid.
17.7  Agilent Bioanalyzer 2100 ..............c.cccccovveennrennnne. 84
References..........c..ccooeoiiiiniiinciniiccceccecee 85
17.2 Agarose Gel Electrophoresis
for DNA
Indicative integrity of genomic DNA can be checked
on a 0.4% agarose gel with ethidium bromide and the
level of degradation can be graded according to the
electrophoretic migration of sample DNA in compari-
son to a known molecular weight marker (usually
ADNA/HindIII fragments). It can be run with or with-
out previous enzymatic digestion depending on the
expected level of degradation and the consequent
length of DNA fragments present in the sample. In the
first case, the degradation rate can be defined by com-
paring the band pattern between an intact DNA and the
unknown sample; in the second case, the index of deg-
I Dotti () and . Bonin radation is determined by the presence of a smearin
Department of Medical, Surgical and Health Sciences, R y p X g
University of Trieste, Cattinara Hospital, pattern. For more details on the gel preparation, see
Strada di Fiume 447, Trieste, Italy also Appendix A.
G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 81
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17.3 Denaturing Agarose Gel
Electrophoresis for RNA

The quality of mRNA from fresh samples (cultured
cell lines, fresh frozen tissue samples...) can be easily
assessed by running total RNA in a denaturing gel
stained with ethidium bromide. This method relies on
the assumption that rRNA quality and quantity reflect
those of the underlying mRNA population. RNA integ-
rity evaluation is based on the intensity ratio between
the 28S and 18S bands (2:1 ratio is considered an index
for intact RNA) and on the observation of the rRNA
degradation pattern. Anyway, it is not clear how rRNA
degradation actually reflects the quality of the underly-
ing mRNA population, since in certain conditions
rRNA can turn over more rapidly than mRNA [1].
Besides, visual assessment of the 28S:18S rRNA ratio
on agarose gels is not an objective parameter because
the appearance of rRNA bands is affected by the elec-
trophoretic conditions, the amount of loaded RNA,
and the saturation of ethidium bromide fluorescence.

This approach is not suitable when RNA integrity
assessment is performed on archival tissues because
large amounts of input RNA are needed and the ribo-
somal bands are rarely detectable due to the high levels
of RNA degradation.

17.3.1 Reagents

All reagents should be RNase free' and DEPC treated

* DEPCH,0

* 10% SDS or alternatively 1 M NaOH or H,0,

e Agarose powder electrophoresis grade

e 37% Formaldehyde

e 10X MOPS buffer: 0.2 M MOPS, 0.05 M sodium
acetate pH 6, 0.01 M EDTA

* RNA loading buffer* For 1.5 ml: 720 pl forma-
mide, 160 pl 10X MOPS buffer, 260 ul 37%

!Sterile, disposable plasticware should be preferably used because

it is RNase free. If general laboratory glassware or plasticware is
used, it should be presoaked in 0.1% DEPC-treated H,O for 2 h
at 37°C. The DEPC treated-items should be rinsed thoroughly
with DEPC H,O and then autoclaved. Alternatively, glassware
can be put in an oven at 250°C for at least 2 h.

2It can be stored at 4°C for a maximum of 2 weeks or at —20°C
for a maximum of 2 months.

formaldehyde, 80 ul 1% blue bromophenol, 100 pl
80% glycerol, 180 ul DEPC H,O

e Ethidium Bromide, 10 mg/ml (stock solution).?
Stock solution of EtBr should be stored at 4°C in a
dark bottle

*  Running buffer: 1/10 of 37% formaldehyde in vol-
ume, 1X MOPS

17.3.2 Equipment

e Disinfected adjustable pipettes,* range: 2-20 pl,
20-200 pl, 100-1,000 ul

*  Nuclease-free aerosol-resistant pipette tips

e 0.5 or 1.5 ml tubes (autoclaved)

* Centrifuge suitable for centrifugation/spinning at
13,200 or 14,000 rpm

e Thermoblock

* Electrophoretic apparatus with spacers

e Power supply

e UV transilluminator

17.3.3 Method

* Wash the electrophoretic apparatus and spacers
with 1% SDS (alternatively it is possible to use 1 M
NaOH or 7% H,0,), cover and leave for 2 h under a
fume hood. Wash with distilled H,O, followed by
sterile H,O and finally DEPC H,O.

e Prepare the 1% agarose gel by melting 0.5 g aga-
rose in 42.3 ml DEPC HZO. ‘When cooled, add 5 ml
10X MOPS and 2.7 ml 37% formaldehyde. Pour
the solution in the apparatus.’

e To prepare the RNA samples, use 5-50 pg total
RNA. Mix 2-10 pl of RNA solution with 5 pl of
RNA loading buffer. Adjust the volume with DEPC
H,0 to a final volume of 20 pl.

EtBr is a potentially carcinogenic compound. Always wear
gloves. Used EtBr solutions must be collected in containers for
chemical waste and discharged according to the local hazardous
chemical disposal procedures.

*Clean the pipettes with a disinfectant (e.g. Meliseptol®rapid)
and leave them under the UV lamp for at least 10 min.
Alternatively, it is possible to autoclave the pipette depending
on the provider instructions.

SFormaldehyde is carcinogenic; for this reason, gels should be
prepared and run under a fume hood.
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28S (~5 kb)

18S (~1.9 kb)

5S (~200 b)

Fresh A B C
tissue
Fixed
tissues

Fig. 17.1 Denaturing gel electrophoresis representing different
rRNA degradation patterns. RNA from fresh frozen tissue is
almost intact (ribosomal bands are clearly visible) while RNA
from fixed tissues (formalin — A, methacarn — B and commercial
FineFIX® - C) is highly degraded (only a smear is present)

e Denature RNA for 5’ at 65°C and chill on ice.

e Add 1 pl ethidium bromide previously diluted to
200 pg/ml and load the samples into the gel.

» Separate the products at 70 V in 1X running buffer
until the dye reaches three-fourths of the gel
length.

e Check the gel under the UV light.® Two main bands
corresponding to 28S and 18S rRNA should be
detected. Acquire the intensity of the bands by a
computer-based system. A 2:1 ratio between the
two bands is considered an index of intact RNA.
The presence of a smear and/or the absence of the
ribosomal bands is an index of RNA degradation
(Fig. 17.1).

°If the gel must be submitted to further analysis (e.g., Northern
blotting), deposit it on a clean plastic wrap before checking on
the transilluminator.

17.4 PCR Amplification of DNA
Fragments of Increasing Length

DNA quality from archival samples can be assessed by
PCR amplification selecting fragments of increasing
length. One commercial method that can be used for
this purpose is the “Specimen Control Size Ladder”
that is provided by InVivo Scribe Technologies. The
kit consists of a master mix composed of a buffered
magnesium solution, deoxynucleotides, and multiple
primer pairs that allow multiplex amplification of five
DNA fragments ranging from 100 to 600 base pairs.
With the “Specimen Control Size Ladder” — Unlabeled
both a conventional agarose and acrylamide gel can be
run to visualize the results (Fig. 17.2).

17.5 RT-PCR Amplification of mRNA
Fragments of Increasing Length

The setting up of this method is very easy. Messenger
RNA integrity is normally evaluated by RT-PCR amplifi-
cation of a housekeeping gene selecting a ladder of
mRNA fragments of increasing length. Reverse

~100 bp

Mw 1 2 3 4

Fig. 17.2 Electrophoretic run of DNA samples at different deg-
radation levels amplified using the “Specimen Control Size
Ladder” kit. In this example, sample 2 is the most degraded,
sample 4 is the best preserved
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Fig. 17.3 Polyacrylamide gel electrophore-
sis representing different mRNA degrada-
tion levels. (a) Intact RNA (isolated from a
fresh frozen tissue) (b) Almost degraded
RNA (extracted from a FFPE tissue).
RT-PCR amplification has been performed
using a ladder of mRNA fragments ranging
from 77 to 651 bases

77 170

transcription is normally performed using MMLV
enzyme combined with the random-hexamer priming
strategy. The specific primer pairs used in the amplifica-
tion step are designed for fragments of progressive length,
preferably keeping either primer constant (Fig. 17.3).
The length of the amplicons can be chosen arbitrarily, but
is usually between 200 and 3,000 bp for DNA, and
between 60 and 1,000 bp for RNA [2]. The major advan-
tage of mRNA integrity determination is that the results
are independent from rRNA integrity. This method can
be useful in FFPE samples as it requires small amounts
of starting material. (For the setting of this experiment
follow the rules reported in Chaps. 19 and 25).

17.6 3'/5' mRNA Integrity Assay

This method is specific to assess mRNA degradation
levels and represents a variation of the previous
approach (“RT-PCR amplification of mRNA fragments
of increasing length”). It measures the integrity of the
selected target gene (usually a highly expressed house-
keeping gene such as GAPDH and beta-actin), which is
expected to reflect the integrity of the entire mRNA
subpopulation in the sample [3, 4]. In this assay reverse
transcription is performed with oligo-dT and Superscript
II/III. A real-time PCR reaction is carried out for three
60-80 bp-long amplicons along the transcript using
three differently labeled TagMan probes. Usually,
amplicons are located at 100, 400-500, and 800-1,000
bases from the 3’ end of the gene, corresponding to the
so-called 3', intermediate and 5’ fragment, respectively.

RNA from fresh
frozen sample

RNA from FFPE
sample

651

291 438 651 77 170 291 438

The quantitative ratios between the Ct values of the 3’
and 5’ amplicons reflect the degradation level and the
efficiency of the RT enzyme to proceed along the tran-
script. The higher the RNA fragmentation, the lower
the RT efficiency, and consequently, the PCR yield. A
3":5" ratio of about 1 indicates high RNA integrity,
whereas progressive ratios indicate increasing degrada-
tion (Fig. 17.4). For details regarding the setting of the
TagMan-based experiments and interpretation of the
results, see Chap. 25, Sect. 25.2.

17.7 Agilent Bioanalyzer 2100’

This microfluidic capillary electrophoresis system by
Agilent Technologies is based on fluorescent dyes
binding to nucleic acid and allows the checking of not
only DNA and RNA integrity, but also nucleic acid
quantity (as already reported in Chap. 16, Sect. 16.2.2.5).
When RNA integrity is assessed, three types of data
analysis can be performed by this instrument. The first
is the visual analysis of the electropherogram (“visual
method”). It assigns a categorization of the RNA deg-
radation levels (e.g., from 1 to 5) [5], taking into
account the ribosomal peak height, the baseline flat-
ness, and the presence of additional peaks between the
ribosomal peaks (Fig. 17.5). Alternatively, two auto-
matically calculated parameters can be used. The first
one is the 28S/18S ratio (“Ratio method”). A ribosomal

’See http://www.chem.agilent.com/Scripts/PDS.asp?IPage=51
for more details


http://www.chem.agilent.com/Scripts/PDS.asp?lPage=51

17 Integrity Assessment of Nucleic Acids 85
70 7 a RNA from fresh frozen tissue
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© 50 [FU] Visual: 1
5 30 28S/18S ratio: 1.3
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2 30 A
© 20 -
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0 0

Fresh 1h  3h  6h  12h  24h . oo 1000 40
25 200 1,000 4,000 [nt]
o Ratio 3’/intermediate fragments b RNA from FFPE tissue
m Ratio 3/5” fragments
[FU] . Visual: 5
28S/18S ratio: 0.0
Fig.17.4 Quantitative ratios calculated from the Ct values asso- 154 RIN: 2.1
ciated with the 3’ fragment and the two fragments located at 10 -
increasing length from the 3’ end of the gene. Ratios of RNA
isolated from fresh frozen sample usually correspond to 1 and 5
progressively increase in RNA extracted from formalin-fixed 0 -
samples (in this example cultured cell samples were progres- T 1 1 1 T
25 200 1,000 4,000 [nt]

sively formalin fixed from 1 to 24 h)

band ratio of (28S:18S) between 0.7 and 2.5 is consid-
ered to be typical of good-quality RNA. The second
one is the RIN (RNA Integrity Number). It takes into
account the whole electropherogram, including in the
analysis the total RNA ratio (the fraction of the area in
the region of 18S and 28S compared to the total area
under the curve), the fast region (the area between 18S
peak and the marker), and the marker height.® The RIN
range is between 1 and 10 (RIN 1 corresponds to com-
pletely degraded RNA, whereas a RIN 10 is achieved
for an intact RNA sample). Values equal or higher than
6 are associated with good-quality RNA [6]. The
Agilent Bioanalyzer system offers several advantages.
It requires a very small amount of starting material,
allowing assaying DNA and RNA quality even in small
samples. Furthermore, interpretation of integrity is
standardized and for this reason it is comparable among
different laboratories. However, this approach appears
more suitable for fresh frozen samples than for archival
specimens because of the high degradation levels of
nucleic acids isolated from fixed and embedded mate-
rial. When RNA integrity is assessed in these speci-
mens, 28S/18S ratios are usually around 0 and RIN are
usually between 1 and 3.5 [1]. These low values, how-
ever, do not preclude the use of nucleic acids isolated

%The marker is an internal standard that is used to align the
ladder analysis with the individual sample analysis. The RNA
ladder is a mixture of six RNA transcripts of well-defined size
and total concentration that is run first from the ladder well.
Both marker and ladder are provided in the kit.

Fig. 17.5 Electropherograms representing different levels of
RNA degradation. (a) Nearly intact RNA (isolated from fresh
frozen tissue) (b) Highly degraded RNA (isolated from FFPE
tissue). These traces can be used to evaluate RNA integrity by
visual assessment (operator-dependent), 28S/18S ratio and RIN
number (automatically calculated by the software)

from archival samples in PCR-based assays. For details
about sample preparation and loading, follow the man-
ufacturer’s instructions.
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18.1 Introduction and Purpose .............ccccoccoerercurernnnn. 87 A frequent cause of false positives in RT-PCR-based
18.2 DNase Digestion Followed by Phenol/Chloroform assays is the amplification of genomic DNA (gDNA)
EXIraction ............co.cooovveveeveeceeieeeeeceeeeseesss e 87 contaminating RNA preparations. Because of PCR sen-
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The following protocols describe two different
DNase treatments that can be chosen on the basis of
RNA availability.
18.2 DNase Digestion Followed
by Phenol/Chloroform Extraction
This protocol allows complete removal of DNase
enzyme after DNA digestion [2]. The adjustable vol-
umes of reaction allow digestion of even large amounts
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genome that have strong similarities to mRNA but, in general,
are unable to be transcribed. The nonfunctionality of the
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or other regulatory elements. Pseudogenes are quite difficult to
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of DNA, also when RNA concentration is very low.
This protocol is recommended when an RNA solution
is not pure (presence of co-extracted contaminants) or
when a high RNA quantity should be used in the fol-
lowing analyses. It is not the best choice when the
starting amount of RNA is very low (for example,
when recovered from small biopsies or after microdis-
section). In such case, Protocol 18.3 is suggested.

18.2.1 Reagents

Reagents from specific companies are reported here,
but reagents of equal quality purchased from other
companies may be used.

All reagents should be RNase free? and DEPC treated

* DEPC-treated water (DEPC H,0): add 1 ml of
diethylpirocarbonate (DEPC) (0.1% final concen-
tration) to 1 1 of sterile water at 37°C overnight
under fume hood and then autoclave®

e [0 U/ul DNasel FPLC pure (cod. 27-0514 GE
Healthcare)

e 10x Reaction buffer: 400 mM Tris-HCI (pH 7.5),
60 mM MgCl,

* Phenol/H,0

e Chloroform

* 0.8 M LiCl in absolute EtOH

e [ mg/ml Glycogen

e Absolute EtOH

18.2.2 Equipment

e Adjustable pipettes,* range: 2-20 pl, 20-200 pl,
100-1,000 pl
*  Nuclease-free aerosol-resistant pipette tips

*Sterile, disposable plasticware should preferably be used because
itis RNase free. If general laboratory glassware or plasticware is
used, it should be pre-soaked in 0.1% DEPC-treated H,0 for2h
at 37°C. The DEPC-treated items should be rinsed thoroughly
with DEPC H,O and then autoclaved. Alternatively, glassware
could be put in an oven at 250°C for 2 h.

3After this treatment the water is essentially free from RNases
and can be used to prepare solutions or to rinse any items to use
for RNA isolation. DEPC is a carcinogen and should be handled
with care under a fume hood.

“Clean the pipettes with a disinfectant (e.g., Meliseptol®rapid)
and leave them under the UV lamp for at least 10 min.
Alternatively it is possible to autoclave the pipette depending
on the provider instructions. Pipettes dedicated only to RNA
extraction and treatment should be preferably used.

e 1.5 ml tubes and 0.2 ml tubes (autoclaved)
e Thermomixer (e.g., Eppendorf)

18.2.3 Method

* A 20 pl reaction volume is prepared, adding the fol-
lowing components in a 1.5 ml tube:

10 x Reaction buffer 2 ul

10 U/ul DNasel 1ul

Total RNA 2 ng’

DEPC H,0 to 20 ul final®

e Incubate the mixture at 37°C for 20'. Spin down the
condensate from the tube walls.

* Bring the final volume to 100 pl with DEPC-treated
H,O and add 70 pl phenol/H,0 +30 pl chloroform.’
Vortex, keep on ice for 20" and spin the tube for 20’
at 14,000 rpm in a microcentrifuge at 4°C.

e Carefully transfer the supernatant to a new tube
(avoid touching the interphase), and add three vol-
umes of 0.8 M LiCl in absolute EtOH and 5 ul of
glycogen solution. Mix the solution by inversion.

* Leave the solution at —20°C for 24 h.

* Spin the tube for 20" at 14,000 rpm in a microcen-
trifuge at 4°C; remove the supernatant without dis-
turbing the pellet.

e Wash the pellet with 100 pl ice cold absolute EtOH
and spin the tube at 14,000 rpm for 10" at 4°C.

* Remove the supernatant, air dry the RNA pellet and
resuspend it in the proper amount of DEPC-treated
H,0.

e Determine the new RNA concentration photometri-
cally at 260 and 280 nm, adding 1 pl RNA solution
t0 199 ul of HO.*

°If more than 5 pg RNA is digested, increase the DNase units. If

a larger amount of RNA is treated, scale up the reaction volume
because the viscosity of the solution may increase, preventing
DNase activity.

“The volume of reaction can be increased up to 100 pul when, for
example, the starting RNA is resuspended in large volumes; in
such case, the DNase unit concentration has to be maintained
by increasing the quantity.

"Alternatively, it is possible to purify DNase-treated RNA by the
use of silica columns or the direct performance of an on-column
DNase digestion (for details, see RNase free DNase set on
http://www.qiagen.com/).

8See Chap. 16 for details.


http://www.qiagen.com/

18 DNase Treatment of RNA

89

e The solution is ready to be used for RT-PCR.
Alternatively, RNA can be stored at —80°C until
use; it is better if it is divided into aliquots to avoid
repeated freezing and thawing.

18.3 DNase Digestion Followed
by Heat Inactivation

This protocol can be used when the starting amount of
RNA is low and DNase removal by extraction could
determine its complete loss [3].

18.3.1 Reagents

Reagents from specific companies are here reported,
but reagents of equal quality purchased from other
companies may be used.

All reagents should be RNase free? and DEPC
treated

* DEPC-treated water (DEPC H,0): Add 1 ml of
diethylpirocarbonate (DEPC) (0.1% final concen-
tration) to 1 I of sterile water at 37°C overnight and
then autoclave!'®

e 10 U/ul DNasel FPLC pure (cod. 27-0514 GE
Healthcare)

e ]0x Reaction buffer: 400 mM Tris-HCI (pH 7.5),
60 mM MgCl,

e 25mM EDTA!

“Sterile, disposable plasticware should be preferably used
because it is RNase free. If general laboratory glassware or
plasticware is used, it should be pre-soaked in 0.1% DEPC-
treated H,O for 2 h at 37°C. The DEPC-treated items should be
rinsed thoroughly with DEPC H,0 and then autoclaved.
Alternatively, glassware could be put in an oven at 250°C for at
least 2 h.

0After this treatment, the water is essentially free from RNases
and can be used to prepare solutions or to rinse any items to be
used for RNA isolation. DEPC is a carcinogen and should be
handled with care under a fume hood.

""The EDTA helps to protect RNA at high temperatures.

18.3.2 Equipment

Adjustable pipettes,” range: 2-20 ul, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e 1.5 ml tubes and 0.2 ml tubes (autoclaved)

e Thermomixer (Eppendorf)

18.3.3 Method

* Hereafter, a 20 pl reaction volume is reported, add-
ing the following components in a 1.5 ml tube:

10 x Reaction buffer 2 ul

10 U/ul DNasel 1l

Total RNA 2 pg'

DEPC H,0 to 20 pl final

* Incubate the mixture at 25°C for 15'.' Spin the tube
to collect the condensate from the tube walls.

e Add 2 pl of 25 mM EDTA to the solution; mix and
heat at 65°C for 10’ to inactivate DNase. Immedi-
ately, chill the solution on ice and spin the tube.

* Determine the RNA concentration photometrically
at 260 and 280 nm, adding 1 pl RNA solution to
199 pl of H,O.'® Alternatively, for a more approxi-
mate quantification, determine the new RNA con-
centration simply taking into account the starting
RNA concentration and the reaction volume before
and after DNase treatment.

"2Clean the pipettes with a disinfectant (e.g., Meliseptol®rapid)
and leave them under the UV lamp for at least 10 min.
Alternatively it is possible to autoclave the pipette according to
the provider instructions. Pipettes dedicated only for RNA
extraction and treatment should be preferably used.

BIf more than 4 pg RNA are digested, increase DNase units. If a
larger amount of RNA is digested, scale up the reaction volume
as more RNA may increase the viscosity of the solution
preventing DNase activity.

!4The volume of reaction can be increased up to 100 pl when the
starting RNA is resuspended in large volumes; in this case also
the DNase units must be increased.

SThis incubation time and temperature has been shown to be
sufficient to remove contaminant DNA (manufacturer’s
protocol suggests 10-20" at 37°C).

"“For spectrophotometric quantification of RNA after DNase

treatment remember to use a DNase solution complete of buffer
and EDTA without RNA as a blank.
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e The mixture can be used directly for RT-PCR.
Alternatively, RNA can be stored at —80°C until
use; it is better if it is divided into aliquots.
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variable degradation of extracted RNA. Standardization
of the assays is necessary to allow the analysis of gene
expression at the RNA level in standard diagnostic spec-
imens in a clinical setting. The RT-qPCR assay can be
performed combining both RT and PCR enzymes in the
same tube (single-step RT-PCR system), using an
enzyme endowed with both RT and polymerase activity
(as the Tth polymerase: one enzyme/one tube system)
or separating RT and amplification steps (two-step
RT-PCR). Furthermore, commercial RT kits or home-
made reagents can be used. We think that higher sensi-
tivity and potential for optimization make the use of the
two-enzyme protocol the best choice especially when
using home-made reagents [8].

Herein we propose two protocols which differ for
the type of reverse transcriptase and for the priming
strategy used. The choice of the protocol depends
mainly on RNA availability and on the expected
expression levels of the target genes.

19.2 Reverse Transcription with
MMLV-RT and Random Hexamers

This protocol combines the use of MMLV-RT (Moloney
Murine Leukemia Virus Reverse Transcriptase) with
“random priming” strategy. Random hexamers prime
RT at multiple points along the transcript; this method
is nonspecific but yields the most cDNA and is the
most useful for transcripts with significant secondary
structures. Furthermore, this strategy generates the
least bias in the resulting cDNA, because the same
reverse transcription reaction can be used for the detec-
tion of several genes in the same sample [9]. It is not
the method of choice if the mRNA target is present at
low levels, as less abundant targets appear to be reverse
transcribed less efficiently than more abundant ones:
this is probably due to the lower specific efficiency or
to aspecific priming of ribosomal RNA [9]. However,
when the starting RNA is low, a specific reverse
transcriptase with reduced RNase H activity' (e.g.,

'RNase H is an endonuclease that specifically degrades the RNA

in RNA: DNA hybrids. It is commonly used to destroy the RNA
template after cDNA synthesis, as well as in procedures such as
nuclease protection assays. Since an RNase H activity is also
present in the reverse transcriptases, they have been genetically
altered to remove this activity, resulting in an increase of full-
length cDNA products.

MMLV-RT RNase H minus, Superscript™) can be
used. Moreover, recent results obtained by one of the
IMPACTS groups showed a clear improvement of RT
yield when using high concentration of random prim-
ers (3.35 nmol/reaction) in the reaction with MMLV
enzyme [10].

The RT reaction step involving MMLYV and random
hexamers has been optimized specifically for quantita-
tive studies in FFPE samples. This method improves
the detection of scarcely expressed genes in paraffin-
embedded tissues and should allow comparable results
between fresh and fixed samples [11]. Such protocol is
described as follows.

19.2.1 Reagents

Reagents from specific companies are reported here,
but reagents of equal quality purchased from other
companies may be used.

All reagents should be RNase free or DEPC treated.
Refer to Chapter “RNA extraction from FFPE Tissues”
for precautions against RNase contamination.

* DEPC-treated water (DEPC H,0): Add 1 ml of
diethylpyrocarbonate (DEPC) (0.1% final concen-
tration) to 1 I of sterile water at 37°C overnight and
then autoclave?

* 200 U/ul MMLV-RT,? supplied with 5x MMLV-RT
buffer and 0.1 M DTT (Invitrogen)

* Mix of 10 mM dNTPs: Add 80 pl of each 100 mM
dNTP (dATP, dCTP, dGTP, and dTTP*) (Promega)
to 480 ul DEPC H,0O and aliquot

2DEPC is a carcinogen and should be handled with care under a
fume hood.

3When testing mRNA sequences rich in secondary structures,
the use of a thermostable reverse transcriptase such as
Superscript III or AMVTM is recommended. In such case, the
RT step should be carried out at 60°C if using amplicon-specific
primer (see Sect. 19.3) or at lower temperatures if using
oligo-dT or random primers.

*dUTP instead of dTTP may be used both in RT and in PCR
reaction to avoid reamplification of carryover PCR products. In
such case, an additional incubation of mixes at 50°C for 2" with
the enzyme uracil N-glycosilase is necessary before the
transcription procedure. 10’ incubation at 95°C is performed to
heat-inactivate the enzyme. Because UNG is not completely
deactivated at 95°C, the PCR reaction temperatures should be
kept higher than 55°C.
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e 100 ng/ul Pd(N), random hexamers (Amersham):
Resuspend the lyophilized powder with DEPC H,O
to 1 pg/ul stock solution and then make aliquots of
100 ng/pl each

e 40 U/ul RNase inhibitor (Promega)

e 25 mM MgClL,*°

19.2.2 Equipment

e Disinfected adjustable pipettes,’” range: 2-20 pul,
20-200 pl, 100-1,000 pul

* Nuclease-free aerosol-resistant pipette tips

e [.5and 0.2 ml tubes (autoclaved)

* Centrifuge suitable for centrifugation/spinning of
0.2 ml tubes at 13,200 or 14,000 rpm

e Thermal Cycler

19.2.3 Method

1. All RT assays should include a positive control (e.g.,
good-quality RNA from cell lines) and a negative
one (DEPC H,O or parallel extraction from a paraf-
fin block without tissues). The amplifiability of
genomic DNA (gDNA) in subsequent PCR should
be ruled out performing a “no-RT” control, lacking
the enzyme, or a control containing only gDNA.
Add the following components to a 0.2 ml micro-
centrifuge tube, to a final volume of 7 pl:

100 ng/ul Random hexamers 2.5-3 pl (250-300 ng final)
Total RNA
DEPC H,0

1 ng-5 ugsp,lo
to 7.05 pl

SThe use of RNase inhibitor is critical for the successful
processing of RNA as naked RNA from tissue samples is
extremely susceptible to degradation by endogenous ribo-
nucleases (RNases).

Additional MgCl, may be useful if the RNA has been previously

digested by DNase according to the protocol described in the
chapter about DNase digestion followed by heat inactivation,
because the chelating properties of EDTA, used to inactivate
DNase, can reduce free Mg?* concentration

"Clean the pipettes with a disinfectant (e.g., Meliseptol®rapid)
and leave them under the UV lamp for at least 10 min.
Alternatively it is possible to autoclave the pipette depending
on the provider instructions.

2. Heat the mixture of RNA, random primers, and
water in a thermal cycler at 65°C for 10’ and quick
chill on ice.

3. Add the following components to the mastermix, to
a final volume of 20 pl:

5x MMLV-RT buffer 4 pl (1x final)

10 mM dNTPs 2 pl (1 mM final)

0.1 M DTT 2 pl (10 mM final)

40 U/ul RNase inhibitor 0.1 pl (4 units final)
200 U/ul MMLV-RT 1.25 pl (250 units final)
25 mM MgCl, 3.6 ul (7.5 mM final,

considering the amount
contained in the buffer)

4. Use the following Thermal Cycler programme:
— 1x:25°C for 10
— 1x:37°C for 60’
— 1x:70°C for 15’
— 1x: hold at 4°C

5. The cDNA can now be used as a template for PCR
amplification. Store at—20°C until use. Avoid repeated
freeze-thawing. The volume of first-strand reaction
mixture to be used in the PCR should not exceed 10%
of the amplification mixture volume, since larger
amounts may result in decreased PCR product.

19.3 Reverse Transcription
with AMV-RT and Specific
Reverse Primer

It is possible to prime the RT using an antisense
oligonucleotide, designed to target a specific mRNA
transcript. Since specific primers’ melting temperature
is higher than that of random oligos, the use of a thermo-
stable enzyme, such as AMV (Avian Myeloblastosis
Virus Reverse Transcriptase) or Superscript is advisable.

8Do not add more than 5 ug of total RNA per reaction because
efficiency of cDNA synthesis can be reduced by higher RNA
quantities. Use the same amount of RNA in all reactions.

“Total RNA is preferred to poly A RNA when reverse transcription
is performed on RNA extracted from FFPE as poly A enrichment
requires additional purification steps that cause RNA loss.

"When low amounts of RNA are obtained from microdissected
or from very small FFPE samples, a fixed volume instead of a
fixed quantity can be used for RT reaction.
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This protocol uses the AMV reverse transcriptase
associated with a specific reverse primer. Target-
specific primers synthesize the most specific cDNA
and provide the most sensitive method of quantifica-
tion [12], so it is the method of choice for the detection
of scarcely expressed genes. The main disadvantage is
that this approach requires separate priming reac-
tions for each target gene, which is wasteful if only
limited amounts of RNA are available. The use of
more than one specific reverse primer in a single
reaction tube (multiplex) is possible, but it requires
careful experimental design and optimization of
reaction conditions.

19.3.1 Reagents

Reagents from specific companies are reported here,
but reagents of equal quality purchased from other
companies may be used.

All reagents should be RNase free!! or DEPC treated

* DEPC-treated water (DEPC H,0): add 1 ml of
diethylpyrocarbonate (DEPC) (0.1% final concen-
tration) to 1 1 of sterile water at 37°C overnight and
then autoclave'?

e 10 U/ul AMV-RT, supplied with 5x AMV-RT buffer
(Promega)

* Mix of 10 mM dNTPs (Promega): add 80 pl of each
100 mM dNTP (dATP, dCTP, dGTP, and dTTP)"* to
480 ul DEPC H,0O and aliquot

e 30 pmol/ul specific reverse primer'*: resuspend the
lyophilized powder with DEPC HZO to 300 pmol/ul

Refer to chapter dedicated to RNA extraction from FFPE for
precautions against RNases contamination.

2DEPC is a carcinogen and should be handled with care under a
fume hood.

BAUTP instead of dTTP may be used both in RT and in PCR
reaction to avoid reamplification of carryover PCR products. In
such case, an additional incubation of mixes at 50°C for 2" with the
enzyme uracil N-glycosilase is necessary before the transcription
procedure. 10" incubation at 95°C is performed to heat-inactivate
the enzyme. Because UNG is not completely deactivated at 95°C,
the PCR reaction temperatures should be kept higher than 55°C.

"“As a general rule, primers should be between 15 and 25 bases
long to maximize specificity, with a G/C content of around 50%.
Avoid primers with secondary structures or with sequence
complementarities at the 3’ ends that could form dimers. Specific
software can be used for the design of primers for both endpoint
and real-time PCR (e.g., Primer3, http://frodo.wi.mit.edu/primer3/,
or IDTDNA, http://eu.idtdna.com/scitools/scitools.aspx).

stock solution and then make diluted aliquots of
30 pmol/ul each
* 40 U/ul RNase inhibitor" (Promega)

19.3.2 Equipment

e Disinfected adjustable pipettes,'®
20-200 pl, 100-1,000 ul

* Nuclease-free aerosol-resistant pipette tips

e 1.5 and 0.2 ml tubes (autoclaved)

* Centrifuge suitable for centrifugation/spinning of
0.2 ml tubes at 13,200 or 14,000 rpm

e Thermal Cycler

range: 2-20 pl,

19.3.3 Method

1. All RT assays should include a positive control (e.g.,
good-quality RNA) and a negative one (DEPC H,0).
The amplifiability of gDNA in subsequent PCR should
be ruled out performing a “no-RT” control, lacking the
enzyme, or a control containing only gDNA.

Add the following components to a 0.2 ml microcen-
trifuge tube, to a final volume of 10 microliters:

5x AMV-RT buffer
10 mM dNTPs

2 pl (1x final)
1 pl (1 mM final)
30 pmol/pul Specific reverse primer 0.5 pl (15 pmol final)

10 U/ul AMV-RT 0.2 pl (2 units final)

40 U/ul RNase inhibitor 0.1 pl (4 units final)
DEPC H,0 to 10 ul
Total RNA 1 ng-2 pg'71819

5The use of RNase inhibitor is critical for the successful processing
of RNA, as naked RNA from tissue samples is extremely susceptible
to degradation by endogenous ribonucleases (RNases).

1°Clean the pipettes with a disinfectant (e.g., Meliseptol®rapid)
and leave them under the UV lamp for at least 10 min.
Alternatively it is possible to autoclave the pipette depending
on the provider instructions.

Do not add more than 2 ug of total RNA per reaction because
efficiency of cDNA synthesis can be reduced by higher RNA
quantities. Use the same amount of RNA in all reactions.

'8Total RNA is preferred to polyA RNA when reverse transcription
is performed on RNA extracted from FFPE tissues as polyA
enrichment requires additional purification steps that cause
RNA loss and because polyA is degraded in these tissues.

“When low amounts of RNA are obtained from microdissected
or from very small FFPE samples, a fixed volume instead of a
fixed quantity can be used for the RT reaction.
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Table 19.1 Problems and solutions with the RT reaction

Problem Possible reason Solution
No amplification Low RNA or RNA degradation Increase RNA content; check RNA integrity; use an RT
enzyme with reduced RNase H activity
Secondary structure Incubate RNA at 65°C for 10’ before RT. Perform RT at a
higher temperature and/or use a thermostable enzyme
Wrong primer design Change primers
Aspecific Too high primer concentration Reduce primer concentration
amplification Use of oligo-dT or random primers Use specific primer
Lower amplification Inhibitory effect of cDNA solution Dilute cDNA solution before PCR amplification
than expected on PCR reaction Perform a phenol-chloroform extraction of RT mixture
Presence of RT inhibitors in the Improve RNA extraction method
RNA solution
Higher amplification Use of random hexamers in RT Use specific primer in the RT reaction
than expected reaction
Positive no-RT DNA contamination Perform DNase treatment, use intron-spanning primers,
control avoid target genes with pseudogenes
2. Use the following Thermal Cycler programme: 3. Stanta G, Bonin S, Perin R (1998) RNA extraction from
— 1x: 42°C for 60’ formalin-fixed and paraffin-embedded tissues. Methods Mol
1 hold at 4°C Biol 86:23-26. doi:10.1385/0-89603-494-1:23
— Ix:hold at 4. Stahlberg A, Kubista M, Pfaffl M (2004) Comparison of
3. The cDNA can now be used as a template for ampli- reverse transcriptases in gene expression analysis. Clin
fication in PCR. The whole reverse transcription Chem 50(9):1678-1680
product can be used, provided that amplification ~ J- Stahlberg A, Hakansson J, Xian X, Semb H, Kubista M
. f din 50 uli d ‘d inhi (2004) Properties of the reverse transcription reaction in
reja.ctlon 18 performed 1n SU H l'n. order to avoid mhi- mRNA quantification. Clin Chem 50(3):509-515
bition of PCR. In such conditions, a PCR buffer 6. Chandler DP, Wagnon CA, Bolton H Jr (1998) Reverse tran-
without MgCl2 is required. scriptase (RT) inhibition of PCR at low concentrations of

template and its implications for quantitative RT-PCR. Appl
Environ Microbiol 64(2):669-677
7. Nolan T, Hands RE, Bustin SA (2006) Quantification of
. mRNA using real-time RT-PCR. Nat Protoc 1(3):1559-1582
19.4 Troubleshootlng 8. Bustin SA (2000) Absolute quantification of mRNA using
real-time reverse transcription polymerase chain reaction

Possibl bleshooti i th .. assays. J] Mol Endocrinol 25(2):169-193
ossible troubleshooting in the reverse ranscripion g pygin SA, Nolan T (2004) Pitfalls of quantitative real-time

step is detected after PCR amplification (in this con- reverse-transcription polymerase chain reaction. J Biomol
text, an optimized PCR assay is assumed). Refer to Tech 15(3):155-166
Table 19.1 for the most common problems and 10. Nardon E, Donada M, Bonin S, Dotti I, Stanta G (2009)

luti . he cDNA hesi Higher random oligo concentration improves reverse
solutions concerning the ¢ synthesis step. transcription yield of ¢cDNA from bioptic tissues and

quantitative RT-PCR reliability. Exp Mol Pathol 87(2):
146-151
11. Godfrey TE, Kim SH, Chavira M, Ruff DW, Warren RS,
References Gray JW, Jensen RH (2000) Quantitative mRNA expression
analysis from formalin-fixed, paraffin-embedded tissues
using 5’ nuclease quantitative reverse transcription-poly-

1. Lehmann U, Kreipe H (2001) Real-time PCR analysis of merase chain reaction. ] Mol Diagn 2(2):84-91
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fixed and paraffin-embedded tissues: membrane hybridization depends on cDNA synthesis conditions. Anal Biochem
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20.1 Introduction and Purpose

This protocol provides a general workflow for PCR
amplification of DNA or cDNA obtained from forma-
lin-fixed and paraffin-embedded samples (FFPE) [1, 2].
The protocol is dedicated not to quantitative, but to
qualitative, PCR analysis. Prerequisites for successful
PCR include the design of optimized primer pairs, the
use of appropriate primer concentrations, and optimi-
zation of the PCR conditions [3].

PCR products can be detected by using different
tools, ranging from gel electrophoresis to capillary
electrophoresis and Southern blot, depending on the
analysis requisites.

PCR setup should be performed in a separate area
from PCR analysis to ensure that reagents used for
PCR do not become contaminated with PCR prod-
ucts (carry-over). Similarly, pipettes used for analy-
sis of PCR products should never be used to set up
PCR.

The major problem with FFPE tissues is the extent
of degradation of the extracted nucleic acids. In rou-
tinely fixed samples, the available fragments of DNA
are usually about 300 bases long, while for RNA,
(refer to this value if the starting material is cDNA)
they are about 100 bases long.! In any case, we rec-
ommend the designing of amplicons? no longer than
200-250 bases for DNA and about 60-80 bases for

Shorter amplicons are recommended in extracts from autopsy
tissues, because of the higher degradation level. For DNA, 90
bases amplicons and for cDNA 70 bases fragments are
detectable, on average, in autopsy tissues.

2Check homology of the sequences by BLAST analysis: http://
www.ncbi.nlm.nih.gov/BLAST/.

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 101
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cDNA. Shorter amplicons increase the efficiency of
the molecular amplification.

20.2 Protocol

20.2.1 Reagents

10x PCR buffer with MgCl, *: We report the stan-

dard composition of PCR buffer: 150 mM MgCl,,

500 mM KCl, 100 mM Tris pH 8.3 at 25°C*

e Commercial 100 mM stock solution of each dNTP
(pH 8)

e dNTPs: Dilute the dNTP stock solution to prepare a
10 mM solution of each dNTP in sterile water or
DEPC-treated water

e Primers’: Lyophilized primers should be dissolved
in a small volume of distilled water or 10 mM Tris
pH 8 to make a concentrated stock solution. Prepare
small aliquots of working solutions containing
10-30 pmol/ul to avoid repeated thawing and freez-
ing. Store all primer solutions at — 20°C. Primer
quality can be checked on a denaturing polyacryl-
amide gel; a single band should be seen

e Taq DNA Polymerase

e Positive and negative controls: Inclusion of control

reactions in the PCR assay is essential to PCR inter-

pretation. A positive control should be included to
check if the used PCR conditions can successfully
amplify the target sequence. As PCR is extremely
sensitive, requiring only a few copies of target tem-
plate, a negative control containing no template

DNA should always be included to ensure that the

solutions used for PCR have not become contami-

nated with template DNA

There are commercial PCR premixed solutions for convenient
PCR setup, containing PCR buffer and dNTPs. Usually, Taq
Polymerase is provided with its dedicated 10x buffer. Check the
composition for the presence of MgCl,. Different commercial
PCR buffers are MgCl, free, but a 25 mM or 50 mM MgCl,
solution is supplied with buffer and enzyme.

“Because of the high temperature dependence of the pKa of Tris,
the pH of the reaction will drop to about 7.2 at 72°C.

SPrimer design could be performed using a particular kind of
software, please refer to http://molbiol-tools.ca/PCR.htm for on
line available software.

20.2.2 Equipment

e Disinfected® adjustable pipettes, range: 2-20 pl,
20-200 pl, 100-1,000 pul

*  Nuclease-free aerosol-resistant pipette tips1.5, 0.5,
and thin walled 0.2 ml tubes’ (autoclaved)

e Centrifuge suitable for centrifugation of 1.5 ml
tubes at 13,200 or 14,000 rpm

e Laminar Flow Cabinet equipped with a UV lamp

e Thermal Cycler: A large number of programmable
thermal cyclers marketed by different companies
are available for use in PCR. The choice of the com-
mercial instruments depends on the investigator’s
inclination, budget, etc... The main requisite is that
the instrument must have the license for use in PCR.
The thermal cycler must be equipped with a heated
lid in order to prevent internal contamination during
the amplification process

20.2.3 Method

Preparation of the reaction mixture should be performed
under a laminar flow cabinet. Fresh gloves should be
worn.

e In a sterile 0.2 ml tube, add, in the following order,
the 10x amplification buffer, ANTPs (10 mM), prim-
ers, Taq Polymerase, and finally, the template DNA.
The suggested final volume for PCR reaction is
25-50 pl. Each reaction sample must contain the
proper amount of target DNA,® 50 mM KCl, 10 mM
Tris pH 8.3, 1.5-2.0 mM MgCl,, 200 uM of each
dNTP, 15-25 pmol of forward primer, 15-25 pmol of
reverse primer,’ and 1-5 units of Taq Polymerase.'

°Clean the pipettes with alcohol or another disinfectant and
leave them under the UV lamp for at least 10 min. Alternatively
it is possible to autoclave the pipette depending on the provider
instructions.

"Micro titer plates could also be used to run PCR.

8The amount of target DNA required varies according to the
complexity and level of target sequence. Usually, it ranges
from 1 pgto 1 pg.

°The primer and Mg** concentration in the PCR buffer and the
annealing temperature of the reaction may need to be optimized
for each primer pair for a more efficient PCR.

%Tn order to prevent artifacts, a hot start PCR using a thermostable
Taq Polymerase (e.g., AmpliTaq Gold by Applied Biosystems)
is suggested.
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e For every PCR run, include a positive control, a
bystander DNA that does not contain the sequence
of interest and a blank negative control (H,O or bet-
ter the extraction obtained from a paraffin block
without tissue).!!

» Displace the tubes in the thermal cycler and amplify
the target DNA using the proper PCR program made
up by denaturation, annealing, and elongation steps.
For small stretches, the time required in every step of
the PCR could be shorter, ranging from 30 s to 1 min,
with a final 5-7 min extension step at 72°C. The
number of PCR cycles depends on the amount of
template DNA in the reaction mix and on the expected
yield of the PCR product. For DNA extracted from
FFPE, usually at least 35-40 cycles are performed.'

e Programme the instrument in order to maintain the
amplified samples at 4°C at the end of amplifica-
tion, before analysis or storing.

* Check the amplification by agarose electrophoresis
stained with ethidium bromide,”* by means of
Southern blot or dot blot (using an internal probe)
(see Chap. 17, Sect. 17.1 and Appendix A for aga-
rose gel preparation). Store the PCR products at
—20°C avoiding repeated thawing and freezing.

20.2.4 Troubleshooting

e If the bands of the desired product are sharp but
faint, both in positive controls and samples, ineffi-
cient priming or inefficient extension may have
occurred. To solve this problem, set up a series of

"If the thermal cycler is not fitted with a heated lid, overlay the
reaction mixture with one drop (about 20 pl) of light mineral
oil to prevent evaporation and cross contamination.

2Too many PCR cycles could promote aspecific amplifications,
and/or PCR product carry-over.

BEtBr is a potentially carcinogenic compound. Always wear
gloves and use it under a laminar hood. Used EtBr solutions
must be collected in containers for chemical waste and discharged
according to the local hazardous chemical disposal procedures.

PCRs containing different concentrations of the two
primers (e.g., from 5 to 30 pmol each/reaction).
Once the optimal primer concentration is found, set
up a series of PCRs containing different concentra-
tions of Mg* (e.g., ranging from 1 to 4.5 mM) to
determine the optimal concentration.

If there are bands in the negative controls, contami-
nation of solutions or plasticware with template
DNA may have occurred. In such case, make up
new reagents and operate in separate spaces to pre-
pare the PCR solution and to analyze the products
of amplification.

If distinct bands of unexpected molecular weight
appear, they are the result of nonspecific priming by
one or both primers. To eliminate this problem,
decrease the annealing time and/or increase the
annealing temperature. Furthermore, it is possible
to perform a hot start by utilizing a Taq polymerase
requiring thermal activation.

If a generalized smear of amplified DNA is present,
too much template DNA was introduced in the reac-
tion. Try the analysis with a scaling down of the
target amount.

If the amplification is weak or nondetectable, there
could be different possible causes: defective reagents,
defective thermal cycler, or programming error. If
you are setting up the PCR system, the cause could
also be a suboptimal extension of annealed primers,
an ineffective denaturation, or you may have chosen
too long stretches for your PCR analysis.
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In end-point quantitative PCR, to quantify a DNA or
a cDNA target sequence, three oligonucleotides are syn-
thesized, two sense and one antisense oriented. The first
sense and the antisense oligonucleotides are used for the
PCR amplification, while the second sense oligonucle-
otide' will be used as a probe, to detect only specific
amplification products. When RNA sequences have to
be detected, intron-spanning primers are recommended
in order to avoid amplification of contaminating genomic
DNA, although this strategy is not useful when the tar-
get mRNA presents pseudogenes at the DNA level (a
comprehensive database of identified pseudogenes is
published at http://www.pseudogene.org/).

Set up of the proper amount of Mg?*, forward and
reverse primers, dNTPs, and Taq Polymerase for PCR
is essential to obtain quantitative results.

The amplification conditions must be determined
carefully. These conditions are related to the amount of
starting material (DNA or cDNA) and the number of
amplification cycles. Usually, amplifications performed
in nucleic acids from FFPE tissues require more PCR
cycles in comparison with fresh tissues because of the
presence of inhibitors and degraded starting material.
On average, the suggested number of cycles is 40—45.

A linear relationship exists between the log of the
quantity of cDNA (or DNA) and the log of the specific
amplified gene product being examined (Fig. 21.1).

This relationship is valid in a specific range, defined
by the quantity of starting nucleic acid and the number
of cycles of the PCR. These variables, known as linear-
ity conditions, change with target genes, starting mate-
rial (type of samples, fresh or FFPE tissues), but also
with PCR primer sets. These conditions, for linear
amplification, must be determined empirically. To find
the linearity conditions, first of all a constant amount
of nucleic acid (DNA or cDNA), usually about 100 ng,
is amplified varying the number of cycles, for example,
from 30 to 50, with an increment of five cycles for
each variation. The proper number of cycles is deter-
mined by the middle point in the calibration curve that
plots the log of PCR products vs. the number of cycles
far from plateau conditions. The second step to deter-
mine the linearity condition consists in the amplifica-
tion with an already selected number of cycles and
with increasing quantities of nucleic acid. For exam-
ple, when analyzing gene expression, the suggested
range is 5-500 ng of cDNA by twofold dilutions

!The probe must not overlap with PCR primers. Its sequence has
to be internal to the amplification product.
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Fig. 21.1 Linearity conditions for MPR1 gene expression. The
plot represents the linearity conditions between the log of the
PCR products of MRP1 (as log of DLU — Digital Light Unit — of
the dot blot hybridization) and the log of the starting amount of
cDNA (range 700-11 ng of cDNA). PCR was run for 45 cycles
and amplified a sequence of 96 bases corresponding to a frag-
ment of MRP1 gene. The linearity is preserved between 11 and
350 ng of starting cDNA

Fig. 21.2 Southern blot representing the linearity conditions of
EGFr mRNA using six 1:2 dilutions of cDNA, range 1,000—
7.8 ng (see Chap. 23 for the detailed Dot-Blot procedure)

(Fig. 21.2). Again the optimal conditions are chosen
for the quantity related to the middle point in the cali-
bration curve avoiding plateau. Once these conditions
are defined, it is possible to analyze a large case study
using the previously chosen linearity conditions at a
lower cost than real-time PCR.

The determination of the linearity conditions must
be performed for all the target genes and for the refer-
ence genes (usually a housekeeping gene in the case of
cDNA analysis® and a DNA reference sequence in case
of DNA analysis). At this point, it is possible to run the
PCR assays for the case study and determine for each
sample and each gene the amount of PCR product
according to the used detection system (CPM, DLU,
area value for capillary electrophoresis...).

’The selection of the proper reference gene is a critical step in
the RT-PCR assay because the inappropriate selection of
the reference gene could create unreal quantitative results.
A possible suggestion is to analyze the expression of some five
candidate housekeeping genes in about ten cases and select for
the case study one to three of them, characterized by lower
variability among samples (see Sect. 25.5 in Chap. 25).
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21.2 Precautions

PCR setup should be performed in a separate area from
PCR analysis to ensure that reagents used for PCR do
not become contaminated with PCR products. Similarly,
pipettes used for analysis of PCR products should never
be used for setting up PCR.

The major problem with formalin-fixed and paraf-
fin-embedded tissues is the extent of degradation of
the extracted nucleic acids. Usually in routinely fixed
samples the available length of DNA fragments is
about 300 bases, while for RNA fragments no longer
than 100 bases should be used. When amplification
of around 60-base long fragments is performed,
efficiency in FFPE samples can be similar to that
obtained in fresh frozen tissues [6]. In any case, we
recommend the designing of amplicons® no longer
than 200 bases for DNA from bioptic specimens and
about 60-80 bases for cDNA. For quantitative analy-
sis the amplifications must be performed in linearity
conditions, where there is a linear relationship between
the log of the initial quantity of DNA or cDNA and
the log of the quantity of amplified product. The quan-
titative results are then standardized with reference
housekeeping genes. This comparison must be per-
formed in every sample in order to normalize the deg-
radation level of the nucleic acids. Inclusion of control
reactions is essential for monitoring the success of the
PCR reaction. A positive control should be included
to check if the used PCR conditions can successfully
amplify the target sequence. As PCR is extremely
sensitive, a negative control containing no template
DNA should always be included to ensure that the
solutions used for PCR reaction are not contaminated
with the template DNA from previous homologous
amplifications.

21.3 Protocol

The following protocol provides a general method for
quantitative PCR analysis of DNA or cDNA obtained
from formalin-fixed and paraffin-embedded samples.
The aim of this chapter is to provide a standard work-
flow for quantitative PCR when real-time instruments
are not used. An example of end point PCR related to

3Check homology of the sequences by BLAST analysis: http://
www.ncbi.nlm.nih.gov/BLAST/

the analysis of MRPI1 gene in FFPE liver tissues is
reported below. In this example, -Actin has been used
as a housekeeping reference gene [7].

21.3.1 Reagents

e 10x PCR buffer with MgCI2.* We report the stan-
dard composition of PCR buffer: 15 mM MgCl,,
500 mM KCI, 100 mM Tris pH 8.3 at 25°C.3
This composition can be modified for specific
purposes®

e Commercial 100 mM stock solution of each dNTP
(pH 8). Dilute the dNTP stock solution to prepare
10 mM solution of each dNTP in sterile water or
DEPC-treated water

o Primers’: Lyophilized primers should be dissolved
in a small volume of distilled water or 10 mM Tris
pH 8 to make a concentrated stock solution. Prepare
small aliquots of working solutions containing
10-30 pmol/ul to avoid repeated thawing and freez-
ing. Store all primer solutions at — 20°C. Primer
quality can be checked on a denaturing polyacryl-
amide gel; a single band should be seen. Aliquots of
20 uM forward and reverse primers are used for the
amplification. See Table 21.1 for the primer
sequences used in the reported example

* Taq DNA Polymerase

* Positive and negative controls: Negative controls
could be water or extracts from a paraffin block, tis-
sues not included, or DNA without the specific tar-
get sequence

“There are commercial PCR premixed solutions for convenient
PCR setup, containing PCR buffer and dNTPs. Usually, Taq
Polymerase is provided with its dedicated 10x buffer. Check the
composition for the presence of MgCl,. Different commercial
PCR buffers are MgCl, free, but a 25 mM or 50 mM MgCl,
solution is supplied with buffer and enzyme. MgCl, content
could be incremented in cases of multiplex PCR or decremented
in cases of high fidelity PCR.

*Because of the temperature dependence of the pKa of Tris, the
pH of the reaction will drop to about 7.2 at 72°C.

°PCR reaction mixture could contain other components; among

them, some cosolvents (for example DMSO and formamide)
are used in cases of higher GC composition and BSA is used to
reduce the amount of aspecific products.

"Primer design could be performed using specific software,

please refer to http://molbiol-tools.ca/PCR.htm for the online
available software.
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Table 21.1 Primer sequences of MRP1 target gene and 3-Actin
reference gene

Label Sequence

MRP1 up TGT TCT CGG AAA CCA TCC A

MRPI1 dw CAA TCA ACC CTG TGA TCC A

MRPI1 probe ~ ACC CTA ATC CCT GCC CAG AGT
CCA

B-Act up AAG GCC AAC CGC GAG AAG ATG A

B-Act dw TGG ATA GCA ACG TAC ATG GCT G

B-Act probe CCC AGA TCA TGT TTG AGA CCT

TCA ACA CCC

21.3.2 Equipment

e Disinfected® adjustable pipettes, range: 2-20 ul,
20-200 pl, 100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

e 1.5,0.5 and 0.2 ml tubes® (autoclaved)

e Centrifuge suitable for centrifugation of 1.5 ml
tubes at 13,200 or 14,000 rpm

e Spectrophotometer or Nanodrop

e Thermocycler: A large number of programmable
thermal cyclers marked by different companies are
available for use in PCR. The choice among the
commercial instruments depends on the investiga-
tor’s inclination, budget... The main requisite is
that the instrument must have the license for use in
PCR. The thermal cycler must be equipped with a
heated lid in order to prevent contamination. For
repeated amplification tests it is better to use the
same thermocycler, because the small differences
between instruments could give different amplifica-
tion efficiencies

* A system to quantify the PCR products (dot-blot,
southern-blot, capillary electrophoresis, PCR
ELISA...)

21.3.3 Method

e To 5 ul of cDNA solution (corresponding to 50 ng
cDNA), add 45 ul of PCR mastermix containing 1x

$Clean the pipettes with a disinfectant (e.g. Meliseptol®rapid)
and leave them under the UV lamp for at least 10 min.
Alternatively it is possible to autoclave the pipette depending
on the provider instructions.

*Microtiter plates could also be used to run PCR.

PCR buffer with MgCL,' 15 pmol of forward and
reverse primers for MRP1, 200 uM of each dNTP,
and 1.2 units of Taq polymerase. For every PCR
run, include a diluted positive control, a bystander
DNA that does not contain the sequence of interest
(cDNA of a tissue negative for MRP1) and a blank
control (H,0)."

e After the initial denaturation of 3 min at 95°C, carry
out thermal cycling for: five amplification cycles of
95°C/1 min; 59°C/1 min; and 72°C/1 min, followed
by 40 cycles of 95°C/30s; 59°C/30 s; and 72°C/30 s.
Program the instrument in order to maintain the
amplified samples at 4°C before storing.

* At the same time, perform the amplification for
B-Actin using 10 ng of cDNA. After the initial
denaturation of 3 min at 95°C, carry out thermal
cycling for: five amplification cycles of 95°C/1 min;
55°C/1°min; and 72°C/1 min, followed by 35 cycles
of 95°C/30 s; 55°C/30 s; and 72°C/30 s. Program
the instrument in order to maintain the amplified
samples at 4°C before storing.

e Transfer the amplification products onto a nylon
membrane by dot blotting, as already reported in
the dedicated protocol (see Chap. 23).

e Hybridize the membrane using the internal oligo-
nucleotides as probes. Follow the hybridization pro-
cedures described in the Nested-PCR protocol for
DIG-dUTP labeling (see Chap. 22, Sect. 22.2.3).

e Alternatively, it is possible to quantify the PCR
products for B-Actin and MRP1 using capillary
electrophoresis. Depending on the Capillary
Electrophoresis instrument, set-up the separation
conditions (capillary temperature, injection condi-
tion, kV for separation'?) in order to separate differ-
ent cDNA templates.!* The amount of the different

1If the RT step is performed with specific primers and AMV
reverse transcriptase, the content of MgCl, in the PCR reaction
should be checked because of the high concentration of MgCl,
in the AMV RT working buffer. When the RT with AMV is
made in 10 pl final volume and is used entirely for the
successive PCR reaction, we recommend using PCR buffer
without MgCl,.

UIf the thermal cycler is not fitted with a heated lid, overlay the
reaction mixture with one drop (about 20 pl) of light mineral
oil to prevent evaporation and cross contamination.

"2For our analyses we used a coated capillary (100 pm id and
47 cm) filled with TBE buffer containing a replaceable linear
polyacrylamide sieving matrix.

3As the PCR fragments amplified for MRP1 and B-Actin, for
example, could differ in amplicon length, several amplification
products could be coinjected and simultaneously analyzed in
the same capillary.
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PCR products is related to the area of the peak of
the electropherogram for each analyzed sample.
To standardize the data (“value /"), calculate the
mean value'* of the reference genes' for every sam-
ple included in the case study. Then use this value
to calculate the mean value of the reference genes
of all the examined cases. This mean value is then
divided by the value of the same reference gene for
every sample. This result represents the normaliza-
tion factor (“NF”) that has to be multiplied by the
value of the target gene for every sample of the case
study (“value  *)."
e The formula is the following:
Value , = NF x value

sample

21.3.4 Troubleshooting

Sometimes membrane hybridization could generate
imperfections that result in incorrect quantification. In

“In case of capillary electrophoresis, the values related to the
quantity of each gene for each sample are peak areas, while for
membrane hybridization, they could be DLU (Digital light
unit) in cases of chemiluminescence, CPM or DLU for radio-
labeled systems and also colorimetric values for PCR-ELISA.

3Only if more than one reference gene has been used.

1°The selection of small target sequences in a range of 60—-80 bp
enables the detection of fragmented and degraded RNA. As
shown by Specht et al. [6], mRNA levels in routinely prepared
formalin-fixed, paraffin-embedded tissues are comparable to
matched frozen specimens when the target sequences are
around 70 bases-long.

such case, there are different possibilities. In case of
radiolabeled systems, we suggest washing the mem-
brane even over the weekend at 37°C. In case of
nonradioactive systems, we suggest repetition of
hybridization, after membrane stripping, or repetition
of the blot and the use of more stringent conditions for
hybridization. In any case, to confirm the quantitative
data we suggest performing dot-blot or ELISA plate
in duplicate.
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22.1 Introduction and Purpose

This section aims to provide the general guidelines
with a specific protocol, as an example of how to apply
nested-PCR to DNA or cDNA obtained from formalin-
fixed and paraffin-embedded (FFPE) samples [1-3].
For general requisites for PCR reaction, please refer to
the related section in Chap. 20. The goal of this docu-
ment is to provide a standard workflow for nested
amplification, along with a non-isotopical system for
PCR product detection. Nested-PCR is related to the
reamplification of a first product of PCR by using a
second set of primers within the first amplification
product. The utilized primers should be different in
both reactions. This methodology increases both the
sensitivity and specificity of the assay. On the other
hand, the risk of contamination increases significantly
because of the greater amount of amplification prod-
ucts and working steps involved. In the traditional
workflow of nested-PCR, the primers for the second-
round PCR were added directly after the first step PCR.
Nowadays, only a small amount (a few micro liters) of
the first-round PCR product is amplified in a second
PCR reaction. Alternatively, to avoid the first-round
product contamination, it is also possible to perform a
single-tube two-round PCR in single closed reaction
tubes [4]. In addition, single-tube two-round PCR
could be performed by mixing immediately the prim-
ers for the first- and the second-round PCR if they
show marked differences in their annealing tempera-
tures. The selected high annealing temperature of the
first-round primers results in high specificity in the
first-round PCR. This approach has also been described
by the use of real-time PCR [5].

The time required for the whole procedure is 3 days.

The extremely high sensitivity of the nested-PCR
system could often result in contaminations from

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 111
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previous reactions, then resulting in false-positive
analyses. To check the validity of the assay, we strongly
recommend using negative controls and taking wide
routine precautions. Positive controls are also recom-
mended in the nested-PCR, but to avoid contamination,
we suggest using highly diluted controls. We recom-
mend making at least two different sample aliquots and
storing them in a laboratory room outside the PCR
space. Furthermore, reagent preparation and extrac-
tions should be performed in a separate flow-laminar
cabinet. First and second nested-PCR rounds should be
performed in different areas, e.g. in two different lami-
nar flow hoods, which should be distinct from the
extraction ones. In these different spaces, we also sug-
gest employing different supplies, pipette tips, eppen-
dorf tubes, and any common reagent such as deionized
water and PCR buffer. Finally, the detection process
should be carried out in a dedicated laboratory.
Operators are encouraged to wear disposable gloves in
each PCR space, changing them frequently, especially
when moving from one dedicated area to others.

For its high sensitivity, nested-PCR systems are
commonly used in the detection and genotyping of
pathogenic viruses and bacteria. Hereafter, we are going
to describe a system of nested-PCR to detect borrelial
DNA, the causative agent for Lyme disease, in DNA
from FFPE specimens. The method presented here has
been previously described by Wienecke et al. [6].

22.2 Protocol

22.2.1 Reagents

Reagents from specific companies are here reported,
but reagents of equal quality purchased from other
companies may be used.

*  10x PCR bufferwith MgCl,' (stock solution): 150 mM
MgCl,, 500 mM KCI, 100 mM Tris pH 8.3 at 25°C*

'There are commercial PCR premixed solutions for convenient
PCR setup, containing PCR buffer and dNTPs. Taq Polymerase
is usually provided with its dedicated 10x buffer. Check the
composition for the presence of MgCl,: Different commercial
PCR buffers are MgCl -free, but a 25-mM or 50-mM MgCl,
solution is supplied with buffer and enzyme.

*Because of the high temperature dependence of the pKa of Tris,
the pH of the reaction will drop to about 7.2 at 72°C.

Table 22.1 Primer sequences

Label Sequence (5'-3")

Bbl AAACGAAGATACTCGATCTTGTAATTGC
Bb2 TTGCAGAATTTGATAAAGTTGG

Bb3 TCTGTAATTGCAGAAACACCT

Bb4 GAGTATGCTATTGATGAATTATTG
Bb-Hyb  TTGAATTAAATTTTGGCTT

e Commercial 100 mM stock solution of each dNTP
(pH 8)

e dNTPs: Dilute the dNTPs stock solution to prepare
a 10-mM solution of each dNTP in sterile water or
DEPC-treated water

e Primers®: Oligonucleotide primers and the method
here described for Borrelia detection were designed
by Wienecke et al. [6]. The outer primer pair (Bbl
and Bb2) flanks a 171-bp fragment, while the inner
primer pair (Bb3 and Bb4) gives a 92-bp product.
An internal hybridization control (Bb-hyb) is used.
Primer sequences are reported in Table 22.1

e Lyophilized primers should be dissolved in a small
volume of distilled water or 10-mM Tris pH 8 to make
a concentrated stock solution. Prepare small aliquots
of working solutions containing 10-30 pmol/ul to
avoid repeated thawing and freezing. Store all primer
solutions at — 20°C. Primer quality can be checked on
a denaturing polyacrylamide gel: a single band should
be seen

* Taq DNA Polymerase

* Agarose powder electrophoresis grade

e Agarose gel loading buffer (6x): 100-mM EDTA
pH 8, 0.25% (w/v) Bromo phenol blue (BMP), 50%
(v/v) glycerol in H,O

e Positively charged nylon membrane for nucleic acid
transfer (e.g., Hybond-N+, GE Healthcare)

e 5x TBE (stock solution): 225-mM Tris base, 225-
mM Boric acid, 5-mM EDTA pH 8

e Ethidium Bromide, 10 mg/ml (stock solution)* Stock
solution of EtBr should be stored at 4°C in a dark
bottle

* 0.5-M NaOH, 1.5-M NaCl solution

SPrimer design could be performed using a specific software;
please refer to http://molbiol-tools.ca/PCR.htm for online
available software.

‘EtBr is a potentially carcinogenic compound. Always wear
gloves and work under a chemical hood. Used EtBr solutions
must be collected in containers for chemical waste and discharged
according to the local hazardous chemical disposal procedures.


http://molbiol-tools.ca/PCR.htm

22 Nested-PCR

13

e 20x SSC: 3-M NaCl, 0.3-M Na, citrate‘2H20.
Adjust to pH 7 with HC1 1 M

e N-laurylsarcosine (30% stock solution-Fluka)

e Poly dATP

e 10% SDS (w/v) (stock solution)?

* DIG Oligonucleotide Tailing Kit, second Gen.
(Roche, cat. No. 03 353 583 910)

e DIG Nucleic Acid Detection Kit (Roche, cat. No. 11
175041 910)

* 3-MM Paper

22.2.2 Equipment

e Disinfected® adjustable pipettes, range: 2-20 ul,
20-200 pl, 100-1,000 pul

* Nuclease-free aerosol-resistant pipette tips

e 1.5, 0.5- and thin-walled 0.2-ml tubes’ (autoclaved)

* Centrifuge suitable for centrifugation of 1.5-ml
tubes at 13,200 or 14,000 rpm

e Laminar Flow

e Cabinet equipped with a UV lamp

e Thermal cycler: a large number of programmable
thermal cyclers marketed by different companies
are available for use in PCR. The choice among the
commercial instruments depends on the investiga-
tor’s inclination, budget, etc. The main requisite is
that the instrument must have the licence for use in
PCR. For diagnostic purpose, the thermal cycler
must be equipped with a heated lid in order to pre-
vent contamination.

* Horizontal electrophoresis devices

e UV transilluminator

e Hybridization oven

e UV Crosslinker

22.2.3 Method

e Inasterile 0.2-ml tube, mix 10 ul of extracted DNA
and 40 pl of PCR reaction mixture for a final volume

SWeigh the proper amount of SDS powder under a fume hood,
because it is harmful.

°Clean the pipettes with a disinfectant (e.g., Meliseptol®rapid)
and leave them under the UV lamp for almost 10 min.
Alternatively it is possible to autoclave the pipette depending
on the provider instructions.

"Microtiter plates could also be used to run PCR.

of 50 ul. Each reaction contains 10-mM Tris-HCI
pH 8.3, 50-mM KCl, 1.5-mM MgCl,, 200-uM each
dNTP, one unit of Tag DNA Polymerase, 25 pmol
each of the outer primers Bbl and Bb2. For every
PCR run, include a diluted positive control, a
bystander DNA that does not contain the sequence
of interest (DNA of another bacterial pathogen), a
blank control (H,0).?

* Displace the tubes in the thermal cycler. After the ini-
tial denaturation for 5 min at 95°C, run 30 amplifica-
tion cycles as follows: 95°C/1 min; 50°C/1 min ; and
72°C/1 min. Program the instrument in order to main-
tain the amplified samples at 4°C before storing.

e Samples and controls derived from the first PCR
run are submitted to the nested step.’ In a sterile
0.2-ml tube, mix 2 pl of first-round PCR product
and 23-pl of PCR reaction mixture for a final vol-
ume of 25 pl. Each reaction contains 10-mM Tris-
HCl pH 8.3, 50-mM KCl, 1.5-mM MgCl,, 200-uM
each dNTPs, one unit of Tag DNA Polymerase,
25 pmol each of the inner primers Bb3 and Bb4.

e Displace the tubes in the thermal cycler and amplify
the target DNA using the previous PCR programme.
Set the instrument in order to maintain the ampli-
fied samples at 4°C before storing.

e Analyze 10 pl of the final products by nondenaturing
2.5% agarose gel electrophoresis. In a 100-ml pirex
bottle, weigh 1.25 g of agarose powder (electrophore-
sis grade). Add 50 ml of 1x TBE buffer. Melt the
powder in the microwave oven, avoiding loss of mate-
rial. Cool the gel solution at about 50°C, and add 3 pl
of EtBr stock solution. Pour the melted agarose solu-
tion into the gel chamber, and let the gel thicken.

e Load 10 pl of amplification product using 2 pl of
loading buffer 6x. Separate the PCR products at
75 V in 1x TBE buffer until the dye reaches 3% of
the gel length.

e Check the gel at the UV light.

* Denature the separated PCR products by soaking
the gel for two times in the 0.5-M NaOH, 1.5-M
NaCl solution for 15 min at room temperature with
gently swirling.

8If the thermal cycler is not fitted with a heated lid, overlay the
reaction mixture with one drop (about 20 pl) of light mineral oil
to prevent evaporation and cross-contamination.

°Special precautions should be taken in this step for the possibility

of carry-over (false-positive results due to contamination among
different tubes). It is recommended to work in a flow hood with
samples cooled in ice and with anti-aerosol pipette tips.
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Prepare the following sandwich for Southern trans-
fer (bottom-up): three sheets of paper 3 MM pre-
soaked in 0.5-M NaOH and 1.5-M NaCl, gel upside
down, positively charged membrane over the gel
surface avoiding bubble formation,'® one sheet of
paper 3 MM wet with deionized water, three dry
sheets of paper 3 MM, some paper towels, finally a
glass with a weight on the top. Allow the DNA to
transfer onto the membrane for at least 6 h."!

Wash the membrane in 2x SSC for 5', put the mem-
brane between two sheets of paper to dry it, and
then store it at room temperature until it is used for
hybridization.

Before hybridization, crosslink blotted nucleic
acids to the membrane at the UV crosslinker twice
with face up (each crosslinking takes about 1’ and
18" and goes from 0.25 to 0 J).

Perform probe hybridization in 5x SSC, 0.1%-N-
laurylsarcosine, 0.02%-SDS, 5-pg/ml poly-dATP,
10-ng/ml of detection oligonucleotide Bb-Hyb, which
has been tailed with digoxigenin-dUTP, according
to the protocol of the manufacturer (Roche, Dig
Oligonucleotide Tailing Kit). Incubate overnight in a
hybridization oven at 41°C, swirling gently.

Wash the membrane three times with 0.1x SSC,
0.1%-SDS, at 28°C. Detect the system according to
the DIG nucleic acid detection kit that uses an
enzyme immunoassay and enzyme-catalyzed colour
reaction with NBT/BCIP, contained in the DIG
Nucleic Acid Detection Kit (Roche).

22.2.4 Troubleshooting

If the bands of the desired product are sharp but
faint both in positive controls and samples, ineffi-
cient priming or inefficient extension may have
occurred. To solve this problem, set up a series of
PCRs containing different concentrations of the two

"Bubbles can be removed by rolling a Pasteur pipette on the
surface.

"Alternatively to Southern blot, it is possible to transfer directly
the nested PCR products onto the membrane by dot-blot
apparatus without electrophoretic separation (See Chap. 23 for
details). In this case, after the dot-blot transfer, go directly to
the UV cross linking of the membrane and follow the protocol

for

r membrane hybridization.

primers. Find the optimal primer concentration and
then set up a series of PCRs containing different
concentrations of Mg** to determine the optimal
concentration (see Chap. 20, Sect. 20.2.4).

e If there are bands in the negative controls, contami-
nation of solutions or plastic ware with template
DNA may have occurred. In this case, make up new
reagents and operate in separate spaces to run PCR
and to analyze the products of amplification.

e If distinct bands of unexpected molecular weight
are present, they are the result of nonspecific prim-
ing by one or both primers. To solve this problem,
decrease the annealing time and/or increase the
annealing temperature.

e If a generalized smear of amplified DNA is present,
too much template DNA was introduced.

e If the amplification is weak or non-detectable, there
could be different possible causes: defective reagents,
defective thermal cycler, or programming errors. If
you are setting up the PCR system, the cause could
also be a suboptimal extension of annealed primers,
an ineffective denaturation, or the stretches of DNA
you have chosen to amplify may be too long.

* For troubles in hybridization detection, refer to the
DIG nucleic acid detection kit data sheet instruc-
tions (http://www.roche-applied-science.com/pack-
insert/1175041a.pdf).
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23.1 Introduction and Purpose

This protocol provides the general workflow to simply
entrap nucleic acids (in this case DNA) onto a Nylon
membrane [1-3]. Dot-blot is generally a simple, fast
and sensitive technique that enables to transfer a known
amount of sample onto an inherent support, such as a
Nylon membrane. The quantity of the specific target is
then determined by probe hybridization.

Denatured samples (i.e., PCR products or crude
extracts) are directly applied to the membrane with
the dot-blot apparatus, without electrophoretic sepa-
ration. Since the specificity of the probe for the target
sequence cannot be determined by this method, gen-
erally the specificity of the hybridization signal is pre-
liminarily tested in a Southern blot experiment by
running the target sequence on a polyacrilamide gel
(see Chap. 22).

The time required for the whole procedure is half an
hour.

23.2 Protocol

23.2.1 Reagents

*  Nylon membrane

e 20X SSC:3MNaCl,0.3M Na, citrate2H,0. Adjust
pH to seven with 1 M HCI

e Dye for Dot-Blot: 0.25% bromophenol blue, 2.5%
ficoll in water. Store at 4°C
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23.2.2 Equipment

e Disinfected' adjustable pipettes, range: 2-20 ul,
20-200 ul

e Pipette tips

e 1.5 ml tubes (autoclaved)

e Centrifuge suitable for centrifugation of 1.5 ml
tubes at 13,200 or 14,000 rpm

e Dot-blot apparatus

e Vacuum system

e UV Crosslinker

23.2.3 Method

* For each sample to be blotted, transfer 20 pl of PCR
product or DNA in a 1.5 ml tube.

e Denature at 95°C for 10 min? and chill on ice.

e Spin down briefly to remove the condensate from
the tube walls.

e For 20 pl of PCR product add 30 pl of 20X SSC
supplemented with dye.?

* In the meantime equilibrate the membrane for
5-10 min in 10X SSC.

* Load the membrane on the dot-blot apparatus,
switch on the vacuum pump and load the samples
on the membrane.*

¢ When the transfer is finished, remember first of all
to detach the vacuum alimentation and then to

!Clean the pipette with alcohol or another disinfectant and leave
them under the UV lamp for at least 10 min. Alternatively it is
possible to autoclave the pipette depending on the provider
instructions.

It is possible to use a thermoblock, the Thermomixer or the
thermocycler. If the latter has been chosen, load the samples
directly in the PCR tubes.

3Add approximately 500 pl of dye for dot blot in 20 ml of SSC
20x. The use of this dye gives the possibility to evaluate the
shape of the dot and consequently the transfer.

“Sometimes it could be convenient to use the dot-blot apparatus
without the upper part (the cover) to check the transfer of the
samples. In this way, when the vacuum is applied, the membrane
adheres directly to the wells.

«® ®

Fig. 23.1 Autoradiography of a dot blot membrane hybridized
with a radiolabeled probe

switch off the pump, otherwise you could have a
reflux in the apparatus.

e Mark the membrane using a needle or scissors (for
example, you can cut every time the same corner of
the membrane).

* Dry the membrane in oven at max 65°C for
15-20".

e Crosslink two times face up in the UV cross linker
(each cross linking takes about 1’ and 18" and goes
from 0.25 to 0 J).

* For the hybridization procedure refer to Chap. 22
(Fig. 23.1)

23.2.4 Troubleshooting

e If the dots are irregularly shaped, check the vacuum
system and repeat the transfer.
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24.1 Introduction and Purpose

This chapter deals with PCR analysis coupled to an
ELISA-based detection system (PCR-ELISA). This
type of assay employs probes containing sequences
complementary to an amplified target sequence.

PCR-ELISA is advantageous to detect specific
DNA and to differentiate among several PCR products.
One of the possible applications is to discriminate
between products amplified with one set of primers
(consensus primers), but differing in the specific
sequence spanned by these primer probes. The capture
probes for ELISA are designed for the discrimination
of the target product from unwanted products that
would otherwise mimic a positive result. Furthermore,
coupling an ELISA analysis to traditional PCR ensures
the specificity of the sequence of an amplified PCR
product. As an example, the PCR-ELISA assay to
detect Mycobacterium tuberculosis complex in forma-
lin-fixed paraffin-embedded (FFPE) tissues is described
in detail [1].

24.2 Steps and Information

Nucleic acids are extracted from FFPE specimens
either following the respective protocol (see Chap. 7
and other specific chapters dedicated to DNA extrac-
tion) or applying a commercial kit for extraction.

In general, five to ten 3-um sections are cut from a
tissue block and collected in a 1.5-ml vial. After
workup of each sample, the microtome has to be
cleaned and the blade has to be changed. Paraffin is
removed by a single extraction with xylene and cen-
trifugation. The pellet is then washed once with etha-
nol, the supernatant is removed, and the pellet is
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air-dried. In parallel, blank extraction controls contain-
ing no mycobacterial material are processed. These
controls include extractions containing all reagents
and other additives except for tissue, as well as extrac-
tions of tissues ascertained to be negative for myco-
bacterial DNA.

The air-dried tissue pellets are processed using
QIAamp DNA Mini tissue kit, (www.qiagen.com).
The tissue is suspended in lysis buffer, and heated for
20 min at 95°C. After cooling down to room tempera-
ture, the subsequent steps are carried out according to
the manufacturer’s instructions with the exception that
elution of DNA is performed with 60—100-pl buffer.

The proposed DIG-PCR/ELISA method is based
on two processes: (1) amplification of template DNA
combined with digoxigenin (DIG) labeling, (2) hybrid-
ization of the amplified DIG-labeled products to a biotin-
labeled oligonucleotide probe specific to the target with
colorimetric detection of the probe-bound products.

The time required for the whole procedure is 1 day.

24.3 Protocol

24.3.1 Reagents

Note: Reagents from specific companies are here
reported, but reagents of equal quality purchased from
other companies may be used.

* 2XReddyMix™ PCR Master Mix (1.5 mM MgCl,)
(Thermo Scientific, ABgene, Epsom, Surrey) refer
to manufacturer instructions.

* PCR DIG Labeling Mix (Roche, Cat. No. 11 585
550 910).

* PCR ELISA (DIG Detection) (Roche, Cat. No. 11
965 409 910).

e Primer (GenBank accession No. M29899): The tar-
getis a 123-bp segment within the IS6110 region of
M. tuberculosis complex genome, which indicates a
highly conserved repetitive sequence of the primers
IS1 and IS2 selected for PCR reaction. [2-6]

* For internal hybridization control, probe 1S3, which
is unique for M. tuberculosis complex, is used.
Sequences for human f-globin gene are used for the
control PCR. Primer and probe sequences are listed in
Table 24.1. The PCR master mix reagent containing
additionally digoxigenine-11-dUTP allows amplifi-
cation and DIG-labeling in PCR in one step.

Table 24.1 Primer and probe sequences for M. tuberculosis and
[-globin gene (reference gene)

Label Sequence 5" —3”

IS6110 element: M. tuberculosis complex PCR:
IS1: sense (BMT 003) CCT GCG AGC GTA GGC GTC GG

IS2: antisense (BMT CTC GTC CAG CGC CGC

002) TTC GG

IS3: probe Biotin-CAT AGG TGA GGT CTG
CTA CC’

B-globin gene: Control PCR:

PC04
GH20

CAA CTT CAT CCA CGT TCA CC
GAA GAG CCA AGG ACA GGT AC

* Lyophilized primers should be dissolved in small
volumes of distilled water or 10-mM Tris pH 8 to
achieve a stock solution. Small aliquots of working
solutions containing 10-30-pmol/ul are recom-
mended to avoid repeated freezing and thawing.
Primer and probe solutions are stored at —20°C.
Primer quality can be checked on a denaturing
polyacrylamide gel; a single band would indicate
specificity. The final concentrations of forward and
reverse primers are 100 uM each.

e Agarose powder/low melting Agarose powder, elec-
trophoresis grade.

* DNA ladder (100 bp).

e [0x TAE (stock solution): 400 mM Tris base,
225 mM acetic acid, 10 mM EDTA pH 8.0.

o Ethidium bromide (EtBr), 10 mg/ml (stock solu-
tion)' Stock solution of EtBr should be stored at
4°C in a dark bottle.

24.3.2 Equipment

e Disinfected* adjustable pipettes, range: 2-20 pl,
20-200 pl, 100-1,000 pl
* Nuclease-free aerosol-resistant pipette tips

'EtBr is a potentially carcinogenic compound. Always wear
gloves. Used EtBr solutions must be collected in containers for
chemical waste and discharged according with the local
hazardous chemical disposal procedures.

’Clean the pipette with alcohol or another disinfectant and leave
them under the UV lamp for at least 10 min. Alternatively, it is
possible to autoclave the pipette depending on the provider’s
instructions for the different pipettes.
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e 1.5-0.5-, and 0.2-ml tubes® (autoclaved)

e Centrifuge suitable for centrifugation of 1.5-ml
tubes at 13,200 or 14,000 rpm

e SpectroPhotometer or Nanodrop

e Thermocycler: a large number of programmable
thermal cyclers by different companies are avail-
able for use in PCR. The choice among the com-
mercial instruments depends on the investigator’s
inclination, budget, personnel, and experience. The
main prerequisite is that the instrument must be
licensed for use in PCR. For diagnostic purpose, the
thermal cycler must be equipped with a heated lid
in order to prevent contamination

e ELISA reader: Wavelength 405 nm; reference filter
492 nm

24.3.3 Method

* To standardize the conditions and to estimate the
amount of extracted DNA, measure the concentra-
tion of nucleic acid spectrophotometrically, and cal-
culate the OD ratio (260 nm/280 nm) to obtain
information about the purity of the template. In our
experience,amounts of nucleic acids of approx.100ng
for the control gene and up to 400 ng for the detec-
tion of Mycobacteria yield the best results.

* To examine whether an amplifiable template is
present in the samples, assess the quality of the pre-
pared nucleic acid by control PCR amplifying an
appropriate segment of a human housekeeping gene
(for example, B-globin gene, PC04/ GH20 primers,
268 bp).

¢ Detect the PCR products for 3-globin gene by stan-
dard electrophoresis using a 10-ul PCR aliquot and
a3.3-% agarose/low melting agarose gel (0.8-2.5%)
containing ethidium bromide (see Chap. 17).

* Mix 2.5-pl of the nucleic acid preparation and 22,5-
pl of the working master mix (12.5-ul Reddy mix,
1.5-pl DIG-labeling mix [120 puM], 1-pl primer
mix for M. tuberculosis [2.5 uM] and 7.5-pl nucle-
ase-free water).

e Perform the PCR in a thermocycler with the follow-
ing program: 5 min 94°C, 40 cycles (1 min 94°C,
2 min 68°C, 1.5 min 72°C), 7 min 72°C, and the last

3Microtiter plates could also be used to run PCR.

step holds 4°C. The PCR products are now ready
for detection by ELISA.

For ELISA detection, a 2.5-pl aliquot of the dena-
tured digoxigenin-labeled PCR products is hybrid-
ized with the biotin-labeled probe in 100-pl
hybridization buffer onto a well of a streptavidin-
coated microwell plate according to the manufac-
turer’s instruction (Roche, PCR ELISA DIG
Detection Kit). Unattached DNA strands are
removed by washing. The DIG-containing hybrid
can be detected by binding of an anti-DIG peroxi-
dase-conjugated antibody and photometrically
quantified based on the substrate color reaction at
405 nm as described in the instruction manual.
Read absorbance by means of an ELISA reader
when the green color becomes visible or after a
fixed time (e.g. 30 min). Correct absorbance for
blank.

24.3.4 Troubleshooting

Problems like unexpected color development, ques-
tionable readings, drift of values, and poor precision
are described together with possible causes and recom-
mendations in the Instruction Manual “PCR DIG
labeling and PCR ELISA (DIG Detection)” of Roche.
For example:

e Weak or no signal:

— Check PCR and ELISA reaction and integrity of
positive controls.

— Check protocol (incubation times/temperatures,
buffer conditions, concentration of primary anti-
body or antigen).

— Check substrate reagent for storage conditions
and biological contaminations, use fresh pre-
pared reagents.

* High background signal:

— Prolong washing procedure.
— Modulate concentrations of antibody.
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25.1 Introduction and Purpose

Real-time PCR has become an essential tool for
qualitative and quantitative detection of both DNA
and RNA targets and is increasingly being utilized in
novel clinical diagnostic assays [1].

The targeting of DNA allows detection of infectious
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tions, which are acquired during the progression of many
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ity, its large dynamic range, and the potential for high
throughput as well as accurate quantification. Besides, it
is a homogeneous method that combines both amplifica-
tion and analysis at the same time, with no need for gels,
isotopes, or sample manipulation. Its potential is partic-
ularly promising at the clinical level for cancer patients,
both as a prognostic assay and as a tool for predicting
response to therapy. Among the applications of real-time
PCR, High Resolution Melting (HRM) technology has
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PCR instruments, combined with an accurate HRM sys-
tem. This technique has been recently applied to DNA
extracts from FFPE for mutation detection [5-7].
However, currently the above-mentioned tool does not
have a diagnostic application in FFPE tissues.

Although real-time qRT-PCR is widely used to
quantify biologically relevant changes in mRNA
expression levels, there are still a number of biological
and technical problems associated with its use (tissue
heterogeneity, inherent variability of RNA quality, the
choice of the extraction protocol, the presence of copu-
rified inhibitors, the use of different mRNA priming
strategies, different reverse transcription yields, PCR
efficiency...) [8], and achieving an accurate and repro-
ducible quantification needs standardization. This situ-
ation emphasizes the urgent need for the establishment
of best practice guidelines for this technology, particu-
larly in the context of its adaptation as a clinical diag-
nostic assay. Efforts have been already made in this
direction by introducing a set of guidelines (the MIQE
guidelines) Minimum Information for publication of
Quantitative real-time PCR Experiments for the proper
handling of qPCR experiments [9]. This work provides
a list of minimum criteria that should be considered in
a qPCR experiment to ensure its relevance, accuracy,
correct interpretation, and reproducibility.

The following protocols, which are intended for gene
expression analysis, differ for the chemistry used for
amplification signal detection. SYBR Green chemistry
exploits the property of SYBR Green dye to increase
greatly its fluorescence upon binding to double-stranded
DNA. Fluorescence is monitored at each cycle after
product extension and reflects the amount of generated
PCR product. Nevertheless, this dye detects every dou-
ble-stranded DNA (dsDNA), including primer dimers
and other nonspecific products. Therefore, it is good
practice to control for product specificity by performing
a melting curve analysis of the amplified product after
completing the PCR. SYBR Green-based chemistry is
not the best choice when the target sequence concentra-
tion is too low (<1,000 copies) since nonspecific ampli-
fication and primer dimer products become more
pronounced. The use of this dsDNA-binding dye is the
most cost-effective chemistry for initial investigations
and for primer optimization steps.

TagMan chemistry exploits the 5’-nuclease activity
of the DNA polymerase to hydrolyze a dual-labeled
hybridization probe during the elongation step of PCR.
Hydrolysis causes uncoupling of fluorescent labels and
hence, fluorescence emission. This assay is preferable

when target concentration is very low (<1,000 copies/
sample) or degraded. The use of a specific probe
increases the sensitivity and specificity of the assay by
reducing the amplification of nonspecific products and
the formation of primer dimers. For this reason it rep-
resents the best choice for gene expression analysis in
FFPE tissues. The protocol described in this chapter
makes use of a derivative of TagMan probes, called
Minor Groove Binder (MGB) probes. MGB probes are
shorter than conventional TagMan probes (12-15
nucleotides) and have a chemical compound attached
to their 3" ends, which binds to the minor groove of the
DNA. The MGB moiety gives greater stability to the
hybridized probe, which raises its melting temperature
during amplification and therefore, its specificity. Other
remarkable features of the MGB probes are lower
background fluorescence and sensitivity comparable or
greater than conventional probes. The protocol is
intended for gene expression analysis and combines
Moloney Murine Leukemia Virus Reverse Transcriptase
(MMLV-RT) +random primers-based reverse tran-
scription with amplification using a premixed solution
of primers and MGB probe (Custom TagMan Gene
Expression Assay by Applied Biosystems).

Sections dedicated to assay optimization, data anal-
ysis, and quantification methods have also been
included in this chapter.

25.2 gRT-PCR Using the SYBR Green
Chemistry

25.2.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

o Sterile water
e RealMasterMix SYBR ROX, 2.5x reaction buffer'
(10 mM Magnesium Acetate, | mM dNTPs with

Tt is specially formulated to adjust the Mg>* concentration,
eliminating the need of optimizing it.

2Unlike other HotStart polymerase formulations that block the
enzyme activity only prior to the first high temperature step, the
inhibitor of HotMaster polymerase is not denatured or
inactivated at higher temperatures, allowing control of
nonspecific binding during the whole PCR reaction.

SROX dye is used as an internal passive reference to normalize
non-PCR-related background fluorescence.
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dUTPs, 0.05 unit/ul HotMaster Taqg DNA poly-
merase,” PCR buffer, enhancers, stabilizers, ROX
dye® (5 PRIME)

e SYBR solution, 20x (5 PRIME)

o Specific forward and reverse primers, 30 pmol/ul*>:
Resuspend the lyophilized powder to 300 pmol/ul
stock solution in 1x TE buffer and then make diluted
aliquots of 30 pmol/ul each

* ¢DNA solution: Optimal quantity is determined by
the standard curve (see also Sect. 25. 4. 2)

25.2.2 Equipment

e Adjustable pipettes,® range: 2-20 ul, 20—-200 ul,
100—-1,000 pl

e Filter barrier pipette tips

* PCR tubes

e PCR microplates/strips (e.g. Axygen Biosciences)’

* PCR strip caps suitable for real-time PCR

* Centrifuge suitable for centrifugation of 1.5 ml tubes

e Real-Time Thermal Cycler (e.g. Mastercycler® ep
Realplex by Eppendorf)®

25.2.3 Method’®

All reactions should be performed at least in dupli-
cate. If a threshold cycle C >35 cycles is expected,
run samples in triplicate.!® In this protocol a total
reaction volume of 35 pl is prepared for each sample;

‘Adding of reverse primer is not necessary when reverse
transcription has been performed using AMV combined with
specific reverse primer and total RT solution has been used for
real-time reaction.

SAs a general rule, primers should be between 15 and 25 bases
long to maximize specificity, with a G/C content of around
50%. Avoid primers with secondary structures or with sequence
complementarity at the 3" ends, which could contribute to
primer self-dimerization.

“Clean the pipettes with a disinfectant (e.g. Meliseptol®rapid)
and leave them under the UV lamp for at least 10 min.
Alternatively it is possible to autoclave the pipette depending
on the provider instructions.

"Depending on the number of samples to be processed in a
single experiment, 8-well strips or 96-well plates can be used.
8For details, download the brochure “Mastercycler ep realplex”
from http://www.eppendorf.com website.

°For general caveats in setting up a PCR assay, refer to chapter
“General Protocol for End-Point PCR.”

10See Sect. 25.5.

this mastermix is then split in triplicates of 10 ul each.
All assays should include a positive template control
(a PCR product, or a linearized plasmid containing
the target sequence) to check for consistency of reac-
tion and a negative control (water control) to check
for nonspecific signals arising from primer dimers or
template contamination.

* Add the following components to a microcentri-
fuge tube:

2.5x RealMastermix buffer 14 pl

20x SYBR solution 1.75 microliters
30 pmol/microliter specific Optimized!!
forward primer

30 pmol/microliter specific Optimized

reverse primer
cDNA solution up to 3.5 microliter'>!

Sterile water to 35 ul

e Spin the tube to collect the content and dispense the
mixture into the plate microwells, in triplicates of
10 pl each. Avoid bubble formation, especially at
the bottom. Cover the microwells with the strips.

Refer to the instrument’s software instructions for set-
ting up the real-time run. Use this general scheme for
the Thermal Cycler programme:

1x: 95°C for 1-2’

40 — 45x: 95°C for 30”; 55°C™" for 30”; 72°C for

30”; 80°C for 20”">

1x: 72°C for 10

1x: melting curve 95°C for 15”7, 60°C for 15”, ramp
from 60°C to 95°C in 20’, 95°C for 15" (default
conditions)

"Final primer concentrations should be optimized by a preliminary
experiment to reduce nonspecific product amplifications and
primer-dimer formation (see paragraph “Optimal Primer
Concentration” in this chapter). Three hundred nM is usually
found as proper concentration.

">The volume of the first-strand reaction mixture to be used in
the PCR should not exceed 10% of the amplification mixture
volume, since larger amounts may result in decreased PCR
product.

"In this protocol cDNA synthesized with either MMLYV +random
primers or with AMV +specific primer can be used.

“Normally annealing is performed at 5°C below the lower of the
PCR primers melting temperatures.

SA fourth step can be added for the fluorescence reading when
nonspecific products are amplified at temperatures lower than
those of the target sequence. The reading temperature is
empirically determined and is set between the nonspecific and
the specific peaks (usually very close to the amplicon melting).
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25.3 qRT-PCR Using the TagMan
Chemistry

25.3.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

o Sterile water

e JumpStart Taqg ReadyMix for Quantitative PCR
(Sigma, cod. D7440), including the 2x JumpStart
ReadyMix Taq buffer (20 mM Tris—HCI, pH 8.3,
100 mM KCl, 3 mM MgCl, 0.002% gelatin, 0.4 mM
of each dNTP, stabilizers,y 0.06 unit/ul Taqg DNA
polymerase, JumpStart Taq antibody'®), 100x refer-
ence dye (ROX)," and 25 mM MgCl, (Sigma)

e 20x Custom TagMan Gene Expression Assay,'
containing an optimized mix of forward and reverse
primer and a MGB probe labelled with FAM dye"
(Applied Biosystems)®

* ¢DNA solution: Optimal quantity is determined by
the standard curve (see also Sect. 25.4.2)

25.3.2 Equipment

* Adjustable pipettes,” range: 2-20 pl, 20-200 ul,
100-1,000 wl
o Filter barrier pipette tips

1At room temperature the antibody keeps the polymerase inactive,
preventing nonspecific amplifications; when the temperature is
raised above 70°C in the first step of cycling process, the
complex dissociates and the polymerase becomes fully active.

"ROX dye is used as an internal passive reference to normalize
non-PCR-related background.

8Instead of this optimized ready-to-use mix, the labelled probe and
primers can be designed by the operator using the “Primer
Express” software by Applied Biosystems and then ordered
separately. In such case, primer concentration of 300 nM and
probe concentration of 200 nM can be tested as initial conditions.

“Fluorescent dyes are light-sensitive, keep solutions protected
from light.

Alternatively, primer pairs and TagMan MGB probe can be
purchased separately. In this case, probe concentration is
usually 200 nM final while primer concentration is 300 nM.
Primer concentration can also be tested as suggested in
paragraph “Optimal Primer Concentration” in this chapter.

2IClean the pipettes with a disinfectant (e.g. Meliseptol®rapid)
and leave them under the UV lamp for at least 10 min.
Alternatively it is possible to autoclave the pipette depending
on the provider instructions.

* PCR tubes

e Centrifuge suitable for centrifugation of 1.5 ml tubes

* PCR microplates/strips (e.g. Axygen Biosciences)

e PCR strip caps suitable for real-time PCR

* Real-Time Thermal Cycler (e.g. Mastercycler® ep
Realplex by Eppendorf)*

25.3.3 Method*

All reactions should be performed at least in dupli-
cate. If a C >35 cycles is expected, run samples in
triplicate.” In this protocol a total reaction volume of
35 ul is prepared for each sample; this mastermix is
then split in triplicates of 10 pul each. All assays
should include a positive template control (a PCR
product, or a linearized plasmid containing the target
sequence) to check for consistency of reaction and a
negative control (water control) to check for nonspe-
cific signals arising from primer dimers or template
contamination. Add the following components to a
microcentrifuge tube:

2x JumpStart ReadyMix Taq  17.5 ul

20x Primer/probe mix 1.75 ul

100x ROX 0.35 ul

25 mM MgCl, Depending on the assay>
cDNA solution up to 3.5 ul*’

Sterile water to 35 ul

* Spin the tube to collect the content and then dis-
pense the mixture on the plate in triplicates of 10 pl
each, avoiding bubble formation while pipetting,
especially at the bottom. Cover microwells with the
strips.

“Depending on the number of samples to be processed in a
single experiment, 8-well strips or 96-well plates can be used.

BFor details, download the brochure “Mastercycler ep realplex”
from http://www.eppendorf.com website.

*For general caveats in setting up a PCR assay, refer to chapter
“General protocol for end-point PCR.”

»See Sect. 25.5.

%A preliminary experiment must be performed for each Gene
Expression Assay to optimize MgCl, concentration.

“The volume of first-strand reaction mixture to be used in the
PCR should not exceed 10% of the amplification mixture volume,
since larger amounts may result in decreased PCR product.
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e Refer to instrument’s software instructions for set-
ting up the real-time run. Use the following Thermal
Cycler programme (recommended by Applied
Biosystems) when Custom TagMan Gene Expression
Assays are used:

1x: 95°C for 10
40 — 45x: 95°C for 15”; 60°C for 1"

25.4 General Guidelines for
Optimization of the qRT-PCR Assay

Whenever a new mRNA target sequence has to be
introduced in an experiment, the following steps should
be considered to optimize the qRT-PCR assay.

25.4.1 PCR Optimization

The target sample used for optimization can be a lin-
earized plasmid containing the sequence of interest, a
PCR product, or a cDNA. Choose an amount of tem-
plate deemed adequate to yield a consistent, reliable
amplification (i.e. an expected C_between 20 and 30
cycles). If cDNA synthesized from total RNA is to be
used, 0.5—1 pl of the reverse transcription mixture are
usually sufficient to detect even low-expressed mRNA.
It is advisable to use a good-quality RNA from a cell
line known to express the transcript. In these prelimi-
nary experiments SYBR Green chemistry is recom-
mended because useful information can be derived
from the melting curve analysis.

25.4.1.1 Optimal Primer Concentration

Test the amplification of a fixed amount of template in
presence of different primer concentrations (concen-
trations should range from 100 to 500 nM for each
primer). Different forward/reverse primer concentra-
tion ratios should also be tested (from 0.2 to 5).
Referring to Sect. 25.5, look at melting curves and
amplification plots and select the primer combination

BAs the polymerase cleaves the probe only while it remains
hybridized to the target DNA, a combined annealing and
polymerisation step can be used in the TagMan system.
Fluorescence data are collected during this step.

producing minimal primer dimers, giving the lowest
Ct value, the highest end point fluorescence (Rn,
defined as the magnitude of the signal generated by the
given set of PCR conditions), and having no signal in
the NTC (no-template-control).

25.4.1.2 Optimal Annealing Temperature

Perform the amplification of a fixed amount of tem-
plate by testing 10-12 different candidate annealing
temperatures, ranging from the Tm of the primers to
10°C below.” Follow the steps outlined in Sect. 25.5.
Look at the melting curves and at the amplification
plots, and select the temperature that gives the lowest
C, signal, the minimal nonspecific products, and mini-
mal primer-dimer formation.

25.4.2 Efficiency, Sensitivity, and
Reproducibility Determination

Once the amplification conditions have been optimized,
determination of sensitivity, linear range, efficiency,
and reproducibility of the assay is carried out by the
method of the standard curve, plotting the log amount
of target against the corresponding C, obtained after
PCR amplification. The target sample to be used for
curve construction can be a linearized plasmid contain-
ing the transcript of interest, a PCR product, or a cDNA.
When using a linearized plasmid as template, prepare a
stock of the target sample of around 10 copies/pl and
test the amplification of at least five ten-fold serial dilu-
tions of the stock solution. Results obtained with “pure”
template should be confirmed in FFPE samples.

* Prepare a 10-fold serial dilution of the template using
a minimum of five samples covering the range
between 107 and 10? copies. Although it is possible to
quantify a dynamic range of 10 or 11 logs on most
systems, in the laboratory practice this is not really
necessary. Consider 2-3 replicates for every dilution.

* Add each dilution to a PCR tube and prepare a PCR
mastermix according to one of the two above-
described protocols, using the optimized primer con-
centration and the optimal annealing temperature.

»It is advisable to perform this assay with a thermal cycler
including a temperature gradient block.
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Fig. 25.1 Typical amplification plot and corresponding stan-
dard curve generated by serial four-fold dilutions using cDNA
as a template. In this example, cDNA was obtained by reverse
transcribing a pool of total RNA isolated from five FFPE

e Plot Ct values against the log of target concentra-
tion and determine the slope and the coefficient of
determination (R?) values of the regression line.
This latter parameter is connected with both the
reproducibility (standard deviation) of the repli-
cates and the linear range of target detection. It can
be said that the target is detected by the assay in a
reasonably true linear fashion if R? is above 0.98.
Interassay reproducibility should be checked by
repeating the experiment two-four different times.
Efficiency of amplification is calculated from the
slope value of the curve *° using the following for-
mula [10]:

(=1/slope)

E =10 (25.1)

An E value of 2 (slope of —3.32) corresponds to an
efficiency of 100%.

Normally, slope, R? and efficiency are automatically determined
by the software connected with the real-time Thermalcycler.

t
10 100 1000
Amount(ng)

samples. Two replicates were run for each of the seven dilutions,
and a range between 250 and 20 pg of cDNA was covered. By
the standard curve the coefficient of determination (R?) and the
efficiency (E) are extrapolated

e Confirm the efficiency and reproducibility® on a
RNA mixture obtained from of a small selection of
FFPE samples that is expected to represent the
behaviour of the whole case study under investiga-
tion. The use of the same chemistry is mandatory
whenever the same target gene has to be detected
and/or quantified. Prepare a 4—5 fold serial dilu-
tion of the cDNA template using a minimum of five
dilutions covering the range between 10 pg and
200-400 ng (the choice of the range depends on
the supposed expression levels of the target genes)
(Fig. 25.1).

e The dynamic range of the standard curve obtained
from the FFPE sample mix can be used to deter-
mine the optimal cDNA concentration that should
be employed for the subsequent expression analysis
of the whole case study (it usually corresponds to
the median cDNA concentration within the linear-
ity interval of the curve).

3 Amplification efficiencies of the target gene should be equal in
samples and in standard if an absolute quantification is planned.
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25.4.3 Detection of Inhibitory
Components

The sensitivity and kinetics of a qRT-PCR assay can be
significantly reduced by the presence of inhibitory
agents present in the biological material. These com-
ponents may be reagents used during nucleic acid
extraction or copurified contaminants from the bio-
logical sample (bile salts, urea, heme, heparin...).
Various methods can be used to assess the pres-
ence of inhibitors within biological samples. One
of the approaches is the standard curve plot (the so-
called “inhibition plot”). In this case, after reverse
transcription, cDNA is serially diluted and amplified
by real-time PCR. Data are then plotted in a stan-
dard calibration curve. A slope suggesting a PCR
efficiency greater than 100% may be considered an
indicator of PCR inhibition (see also Sect. 25.8). This
method can be difficult to perform when a very small
amount of RNA is available (for example, when RNA
is isolated from microdissected sections). Recently,
the SPUD method has been introduced as a valid

substitute for the “inhibition plot” [11]. This proce-
dure identifies potential inhibitors of the reverse tran-
scription or PCR steps by recording the Cs values
of an artificial amplicon (SPUD-A) when amplified
alone or together with the sample RNA. The pres-
ence of an inhibitor is identified as a shift to a higher
C, value in the reaction where both SPUD and RNA
sample have been included.

25.5 General Guidelines for Data
Analysis

In order to reduce subjectivity of the data analysis and
to produce accurate and reproducible results, the assay
must be properly evaluated. For this purpose the intro-
duction of a standard curve in the assay is recom-
mended. The data analysis takes into account some
essential parameters (Fig. 25.2). Such parameters can
be assessed by using the specific software provided
with any real-time instrument.

Fluorescence (norm)
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Fig. 25.2 Amplification plot of a target mRNA. In this example
RNA has been isolated from three FFPE samples run in duplicate
(here SD is<0.5). Ct value relative to the target expression levels
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in each sample is determined after definition of the proper
baseline and threshold. Higher the Ct value, lower the number of
copies relative to the target mRNA expressed in the sample



128

I. Dotti et al.

e Baseline: During amplification, the fluorescence is
influenced by some factors that determine the
behaviour of the curve. During the early PCR cycles,
the background signal is evident and no apparent
specific product is amplified. This initial “noise” is
used to determine the baseline fluorescence. By
default, it is usually computed by the system soft-
ware averaging the background fluorescence
between cycles 3 and 15. Since high background
levels result in lower sensitivity, this parameter can
be changed by the user, depending on the expected
expression levels of the considered genes: for exam-
ple, a low abundant gene requires a wider baseline.
NTC (no template control) background fluorescence
levels can be used to better define this parameter.

e Threshold: It represents a significant point above
the calculated baseline. It is calculated automati-
cally by the software after baseline determination
and is placed in the exponential phase of the ampli-
fication. Keep the threshold settings constant when
the evaluation of the same target expression is to be
compared between samples.

e C value: It is determined after definition of baseline
fluorescence and threshold. It represents the fraction of
cycle at which the fluorescence crosses the threshold.
Use this value for the following quantitative analysis.

* Replicates: The standard deviation (SD) of the C,
values should be no more than 0.5. At low C, num-
ber the tolerance is lower than at high Cs. Above 35
cycles the variability is indeed greater and quantifi-
cation may be unreliable.

* AC between NTC (no template control) and sample:
Check that a minimum difference of five C, is pres-
ent between any NTC signal and the sample data. If
not, contamination by PCR products is possible.

e Slope: In evaluating a standard curve, ensure that
the slope is not higher than —3.321 because this
would implicate an unreliable efficiency (over 1)
according to the above-described formula. A cor-
rect determination of efficiency is important for the
choice of the most proper quantification method
(see Sect. 25.7). The value of regression coefficient
R? should be>0.98, confirming a true linear rela-
tionship and a good reproducibility of replicates.

* Dynamic range: Define the dynamic range of the
curve, as at <10 or >34-35 C, values, amplification
may not show a linear behaviour and the inclusion
of these points in the standard curve could impair
the efficiency of the calculation. Ensure that all data

collected for the unknown samples are within the
dynamic range defined by the standard curve.
Especially for FFPE samples, C, values between 20
and 30 are considered the most reliable range.

e Melting curve: If using SYBR Green chemistry, check
the melting curve profiles for fluorescent nucleic acid
binding dye detection and ensure that products are
specific. If an additional peak at a higher temperature
is present, this is probably due to the amplification of
longer sequences (e.g. from contaminant genomic
DNA containing an intron); lower peaks usually cor-
respond to primer-dimer formation (Fig. 25.3). Their
signal can be removed by adding a fourth step in the
PCR programme (see footnote 15). To exclude carry-
over contamination in the NTC, check that its melting
curve corresponds to nonspecific products.

25.6 Determination of the Most
Appropriate Reference Gene/Panel
of Genes for Normalization of
mRNA Expression Levels

All RT-qPCR assay results are subject to variability,
caused by technical as well as biological variations.
These include variations in sample-to-sample RNA
recovery, integrity, and efficiency of cDNA synthesis.
Normalization is a rather problematic area and there is no
universally accepted method for data normalization [12].
Nevertheless, it is a major concern especially when ana-
lyzing the RNA from archive tissues. Normalization of
target gene expression to an endogenous reference gene,
whose expression is a supposed invariant in the sample
set (usually a housekeeping gene, HKG), is the most
common method of internal control and it is currently the
preferred option. However, it is essential that reference
gene expression in the tissue of interest is carefully ana-
lyzed and the minimum variability is determined and
reported, as inappropriate normalization can lead to the
acquisition of biologically wrong data. A number of
reports have recently demonstrated that the classic refer-
ence genes (GAPDH, beta-actin, 18S...) are inappropri-
ate under certain experimental conditions due to their
variability of expression [13]. For this reason, reference
genes should always be validated prior to their use [14].
The current gold standard combines the evaluation of a
panel of several candidate reference genes by means of a
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statistical package such as BestKeeper [15], GeNorm 1.4
[16], or NormFinder [17]. The following procedure is 1.3
suggested for the determination of the most suitable ref- 1.2
erence genes: S
®©
>
e In order to narrow the number of candidate genes, = ! \..\
check in the literature those genes that have been 0.9
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based case studies 0.7
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* According to the statistic software instructions, ACTB
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a set of at least 10, properly selected, FFPE samples

e Setup astandard curve for each candidate reference
gene (refer to Sect. 25.4). Use the same chemistry
that will be employed for the analysis of the whole
case study

e Make sure that all the amplification efficiencies are
equal among candidate genes. Define the dynamic
range of detection of each gene

* Collect expression data (as Cs) for each sample.
These data should span within the previously
defined dynamic ranges. Discard outliers. Submit
data to GeNorm or Bestkeeper software analysis,

Fig. 25.4 Determination of the most stable reference genes
from a set of tested genes as obtained by GeNorm algorithm. In
this example, the stability of four candidate genes (ACTB,
GAPDH, B2M, and HPRT) has been evaluated. In GeNorm, the
stability level of each gene is suggested by the M value, defined
as the average pairwise variation V for each gene with all other
tested reference genes. The least stable gene (high M value) and
the most stable gene (low M value) are visualized in a chart, as
reported in the graph above

following the author’s instructions. The software
will calculate the most stable reference genes includ-
ing a graphical output in the results (Fig. 25.4).
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25.7 Relative Quantification by qRT-PCR

RNA expression levels can be determined by absolute
and relative quantification [18]. Absolute quantifica-
tion is used to determine the number of copies of spe-
cific RNA per cell or unit mass of tissue using a
calibration curve. Relative quantification is easier to
perform than absolute quantification because a calibra-
tion curve is not necessary. It is the most commonly
used approach to investigate changes in expression lev-
els in biological samples. Relative quantification is
normally performed using an internal reference gene or
a panel of genes that should always be validated before
use in each experimental condition (refer to the previ-
ous paragraph). Changes in sample gene expression
are then measured based on either an external standard
or a reference sample, also known as a calibrator (e.g.,
the microdissected normal counterpart of a tumoral
sample, an untreated sample, or simply an unknown
sample from the case study). When using a calibrator,
the results are expressed as a target/reference gene
ratio. There are numerous mathematical models avail-
able to calculate the mean normalized gene expression
from relative quantification assay [18]. Among them,
the standard curve and the comparative Ct methods are
the most commonly used. For large case studies, the
comparative Ct method is the best choice but it requires
strong validation and optimization of the assay, which
is not always so easy to carry out when analyzing RNA

from archival material.

25.7.1 Standard Curve Method [19]

The quantity of each experimental sample is first deter-
mined using a standard curve and then expressed rela-
tive to a single calibrator sample. Gene expression of the
calibrator is designated as one-fold, with all experimen-
tally derived quantities reported as an n-fold difference
relative to the calibrator. Because the sample quantity is
divided by the calibrator quantity, the unit from the stan-
dard curve drops out. All that is required of the stan-
dards is that their relative dilutions be known. Therefore,
a standard curve can be prepared from an RNA pool of
FFPE samples from the case study under investigation.
This method is applied when the amplification effi-
ciencies of the reference and the target gene are unequal;

it requires no preparation of exogenous standards and
no quantification of calibrator samples. However, it
requires the introduction of a standard curve in each
experiment, both for endogenous reference and for tar-
get genes. The following procedure is suggested:

* Prepare a 4 -5 fold serial dilution of the cDNA tem-
plate (from a pool of RNA of more than one FFPE
sample) using a minimum of five dilutions covering
the range between 10 pg and 200 ng (the choice of
the range depends on the supposed expression lev-
els of the genes) for each gene under investigation

 Inparallel, prepare the unknown samples to be quan-
tified. Use an amount of cDNA expected to yield a
C, within the dynamic range of the standard curve

* Use one of the above-described protocols (TagMan
or SYBR Green chemistry) to perform the real-time
PCR reactions

e Quantify the input amount for unknown samples
extrapolating units from the equation of the stan-
dard curve

* Normalize the unknown data against the endogenous
reference calculating the ratio between target and ref-
erence gene amount for each sample. Normalized
data are unitless numbers that can be used to compare
the relative amount of target in different samples

25.7.2 Comparative C_ Method [20]

It is a mathematical model that calculates changes in
gene expression as relative fold differences between an
experimental and calibrator sample. Since this method
doesn’t require a standard curve, it is useful when
assaying a large number of FFPE samples. The follow-
ing procedure is suggested:

* Before using the comparative C, method, set up a
standard curve to determine the efficiencies of the
target and reference genes. To this purpose, prepare
a 4-5 fold serial dilution of the cDNA template
from a statistically consistent number of FFPE sam-
ples using a minimum of five dilutions covering the
range between 10 pg and 200 ng (the choice of the
range depends on the supposed expression levels of
the target genes) for each gene under investigation

* Apply one of the following formulas to calculate
changes in target gene expression as fold differences
between the experimental and calibrator sample
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— If both the efficiencies are approximately equal to

100%:

—AACy

ratio =2

Normalized data are unitless numbers that are used to

compare the relative amount of the target gene in differ-
ent samples relative to the calibrator, for which the fold

(25.2) change in gene expression equals one, by definition.

where AAC; = (C,of target — C,of reference gene in sample) —(C,of target — C,of reference gene in calibrator)

— If the efficiencies are not equal:

ratio =

AC; target (calibrator-sample)

target

ACt ref (calibrator -sample)

(E

where E=10 ¢!#,9; target =target gene; ref=reference

gene

ref

25.8 Troubleshooting

(25.3)

Troubleshooting that specifically involves the reverse

transcription step (as already reported in chapter
“Reverse Transcription”) can be added to the follow-

real-time PCR results.

Table 25.1 Common troubleshooting in real-time PCR reaction

ing list (Table 25.1) as it may affect both endpoint and

Problem

High standard
deviation in replicates

Nonspecific
amplification

No amplification
detected

Efficiency of
amplification < 90%

Efficiency of
amplification >110%

Low R?

Positive NTC control

Possible reason

Inaccurate pipetting

Cgs are>35

Primer-dimer formation

DNA contamination

Inappropriate assay
design

Poor primer and/or
assay design

Inhibitory components
Nonlinear amplification
conditions

Inhibitory components
Inaccurate pipetting
Nonlinear amplification
conditions

Carryover contamination

Primer-dimer formation

Solution

Pipette with care, avoid air bubbles, avoid pipetting less than 2 pl, use the
same pipette for the same set of tests

Use highly concentrated template

Change primers, define a different reading step in the in the PCR
programme, adjust MgCl,

Perform DNase treatment of RNA prior to RT step

Consider primers again, annealing temperature, activity of fluorophore,
MgCl, concentration, expiration of the reaction buffer

Redesign primers; revise annealing temperature and MgCl, concentration

Reduce the cDNA input, reduce RNA input in the RT reaction, reduce
primer concentration

If Cs are <10, increase dilutions; if Cs are >35, use higher amounts of
template. Exclude outermost points from regression analysis

Reduce the cDNA input, reduce RNA input in the RT reaction, reduce
primer concentration

Pipette with care, avoid air bubbles, avoid pipetting less than 2 pl, use the
same pipette for the same set of tests

If Cs are <10, increase dilutions; if Cs are >35, use higher amounts of
template. Exclude outermost points from regression analysis

Use new aliquots of all the reagents, treat RNA with Uracil DNA
Glycosylase (UDG)

Change primers, define a different reading step in the PCR programme,
adjust MgCl,




132

I. Dotti et al.

References

—_

. Bustin SA, Mueller R (2005) Real-time reverse transcription

PCR (qRT-PCR) and its potential use in clinical diagnosis.
Clin Sci Lond 109(4):365-379

. Godfrey TE, Kim SH, Chavira M, Ruft DW, Warren RS, Gray

JW, Jensen RH (2000) Quantitative mRNA expression analy-
sis from formalin-fixed, paraffin-embedded tissues using 5’
nuclease quantitative reverse transcription-polymerase chain
reaction. J Mol Diagn 2(2):84-91

. Stanta G, Bonin S (1998) RNA quantitative analysis from

fixed and paraffin-embedded tissues: membrane hybridiza-
tion and capillary electrophoresis. Biotechniques 24(2):
271-276

. Specht K, Richter T, Muller U, Walch A, Werner M, Hofler H

(2001) Quantitative gene expression analysis in microdis-
sected archival formalin-fixed and paraffin-embedded tumor
tissue. Am J Pathol 158(2):419-429

. Fadhil W, Ibrahem S, Seth R, Ilyas M (2010) Quick-

multiplex-consensus (qmc)-PCR followed by high-resolution
melting: a simple and robust method for mutation detection
in formalin-fixed paraffin-embedded tissue. J Clin Pathol
63(2):134-140

. Kristensen LS, Wojdacz TK, Thestrup BB, Wiuf C, Hager H,

Hansen LL (2009) Quality assessment of DNA derived from
up to 30 years old formalin fixed paraffin embedded (FFPE)
tissue for PCR-based methylation analysis using SMART-
MSP and MS-HRM. BMC Cancer 9:453

.Ma ES, Wong CL, Law FB, Chan WK, Siu D (2009)

Detection of kras mutations in colorectal cancer by high-
resolution melting analysis. J Clin Pathol 62(10):886-891

.Nolan T, Hands RE, Bustin SA (2006) Quantification

of mRNA using real-time RT-PCR. Nat Protoc 1(3):
1559-1582

. Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J,

Kubista M, Mueller R, Nolan T, Pfaffl MW, Shipley GL,
Vandesompele J, Wittwer CT (2009) The MIQE guidelines:
minimum information for publication of quantitative real-
time PCR experiments. Clin Chem 55(4):611-622

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

Rasmussen R (2001) Quantification on the lightcycler. In:
Meuer S, Wittwer C, Nakagawara K (eds) Rapid cycle real-
time PCR, methods and applications. Springer, Heidelberg,
pp 21-34

Nolan T, Hands RE, Ogunkolade W, Bustin SA (2006) SPUD:
a quantitative PCR assay for the detection of inhibitors in
nucleic acid preparations. Anal Biochem 351(2):308-310
Huggett J, Dheda K, Bustin S, Zumla A (2005) Real-time
RT-PCR normalisation; strategies and considerations. Genes
Immun 6(4):279-284

Dheda K, Huggett JF, Bustin SA, Johnson MA, Rook G,
Zumla A (2004) Validation of housekeeping genes for nor-
malizing RNA expression in real-time PCR. Biotechniques
37(1):112-114, 116, 118-119

Dheda K, Huggett JE, Chang JS, Kim LU, Bustin SA, Johnson
MA, Rook GA, Zumla A (2005) The implications of using an
inappropriate reference gene for real-time reverse transcrip-
tion PCR data normalization. Anal Biochem 344(1):141-143
Pfaffl MW, Tichopad A, Prgomet C, Neuvians TP (2004)
Determination of stable housekeeping genes, differentially
regulated target genes and sample integrity: Bestkeeper—
excel-based tool using pair-wise correlations. Biotechnol
Lett 26(6):509-515

Vandesompele J, De Preter K, Pattyn F, Poppe B, Van Roy N,
De Paepe A, Speleman F (2002) Accurate normalization of
real-time quantitative RT-PCR data by geometric averaging
of multiple internal control genes. Genome Biol 3 (7):
RESEARCHO0034

. Andersen CL, Jensen JL, Orntoft TF (2004) Normalization

of real-time quantitative reverse transcription-PCR data: a
model-based variance estimation approach to identify genes
suited for normalization, applied to bladder and colon cancer
data sets. Cancer Res 64(15):5245-5250

Wong ML, Medrano JF (2005) Real-time PCR for mRNA
quantitation. Biotechniques 39(1):75-85

Livak KJ (1997) ABI-Prism 7,700 sequence detection sys-
tem user bulletin no. 2. PE Applied Biosystems

Pfaffi MW (2001) A new mathematical model for relative
quantification in real-time RT-PCR. Nucleic Acids Res
29(9):e45



Part VI

DNA Sequencing




DNA Sequencing from PCR Products 26

Giorgio Basili, Serena Bonin, and Isabella Dotti

Contents 26.1 Introduction and Purpose

26.1 Introduction and Purpose.............ccccccevveurennnnne. 135 . . L. .
Direct DNA sequencing can give important informa-

tion about the role of genetic alterations in the patho-
genesis of diseases. DNA mutations are at the origin of
26.3  Protocol................ccocoiii 137 many cancer types, such as the germline mutations in
32;; Efli‘?;?:;m BRCA1 and BRCA2 in breast cancer [1] or the activat-
26.3.3 Method.............. 137 ing mutations in the oncogene BRAF in melanoma [2].
26.3.4 TroubleShOOtNG .......c.cevevereeveceeieeeeeieeeeeeeeeeeeanan 140 Moreover, the detection of mutations can be used to
address the choice of the therapy. For example specific
tumour-associated somatic mutations in the tyrosine
kinase domain of the EGFR can predict sensitivity to
tyrosine kinase inhibitors (e.g. Gefitinib), while muta-
tions in K-Ras gene predict response to monoclonal
therapy against EGFR (e.g. Cetuximab) [3]. This sec-
tion provides a procedure and some advice for direct
sequencing of DNA extracted from formalin fixed and
paraffin embedded (FFPE) tissues. Mutational analy-
sis requires the following main steps: DNA extraction
from FFPE tissues (see chapter “DNA Extraction from
FFPE Tissues” and other specific chapters dedicated to
DNA extraction), PCR amplification, PCR product
purification and sequencing.

26.2 Precautions for Detection of Somatic
MUtations...........c.ccceeevieierieieeienie e 135

References...........cccoeveiieiieiieiieiecceeeeee e 140

26.2 Precautions for Detection
of Somatic Mutations

Single nucleotide polymorphisms (SNPs) and germline
mutations involve all the cells of the organism. Con-
versely, somatic mutations appear only in tumoral
cells. In order to detect the presence of somatic muta-
G. Basili (), S. Bonin, and I. Dotti tions in tumour tissues by DNA sequencing, it is neces-
Department of Medical, Surgical and Health Sciences, o y q g .
University of Trieste, Cattinara Hospital, sary to limit the non-mutated DNA component coming
Strada di Fiume 447, Trieste, Italy from non-tumoral cells (like tumour infiltrating

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 135
DOI: 10.1007/978-3-642-17890-0_26, © Springer-Verlag Berlin Heidelberg 2011



136 G. Basili et al.
a b c

60 180( |170
- | | | | ] "N | | | | " | ] " | | | | [ ] | | [ ] - - - - - - [ ] ] ] - L] | - - [ ] L ] |
AG G AACGTACT G G TG G|]|[ITGCAGTCTTCA|ITGCAACTTCA

Fig. 26.1 Examples of electropherograms obtained by direct
DNA sequencing. (a) Electropherogram of a portion of exon 21
of the EGFR gene obtained from a normal tissue without muta-
tions. This is an ideal condition where no background is detected.
(b) Electropherogram of a portion of exon 20 of the EGFR gene
obtained from one tumoral tissue with 100% of cells bearing the

lymphocytes, stromal cells, and endothelial cells).
Such component could give electropherograms in
which the tumour-associated mutations are not visible
because the signal of the non-mutated DNA is preva-
lent. Usually tumour-associated mutations are present
in heterozygosis, resulting in a double peak: one is due
to the normal gene and the other one to the mutated
gene (Fig. 26.1) [4].

The following limitations and precautions should
be considered when using FFPE for DNA mutational
analysis:

e Formalin causes a strong DNA degradation [5]
and this can result in difficult PCR amplifications
that would require higher amounts of starting
material.

* PCR amplification on DNA extracted from forma-
lin fixed specimens is usually unsuccessful for frag-
ments longer than 400 bases [6]. Subsequently, the
design of short amplicons is essential also in
sequence analysis. For a successful DNA amplifica-
tion, we recommend designing amplicons no longer
than 200-250 base pairs. In any case, in establish-
ing the sequencing fragment it must be considered
that 20 bases after the primers are not usually
correctly read. To bypass this inconvenience we
strongly recommend sequencing the PCR product
twice using both the forward and reverse primer.

* Sequencing of PCR products obtained by isolating
DNA from FFPE can give a number of artifacts four

sequence alteration in heterozygosis. The alteration is well
visible with a double peak despite some background.
(c) Electropherogram of the portion of exon 20 in another tumoral
tissue. Here, although 100% of cells bear the mutation in
heterozygosis, the size of the two peaks is not similar and this is
a problem when a high background is present

times higher than those detected in DNA from fresh
frozen samples' [4, 5, 7]. Due to the risk of artifacts,
the mutation should be confirmed either by repeat-
ing PCR and sequencing or by other means (e.g. use
of digestion enzymes capable to discriminate the
specific nucleotidic alterations).

In order to overcome these problems, the use of alco-
holic fixatives should be taken into consideration as a
good alternative to formalin fixation because of their
higher preservative properties on nucleic acids (see
chapter “Formalin Free Fixatives”).

Once these precautions are followed, FFPE can be
used as a good source for DNA sequencing. Moreover,
FFPE are the ideal material when an enrichment of the
tissue sample in specific cell component (e.g.tumoral
area) is required because, in comparison to fresh fro-
zen tissues, they allow performing a more precise
microdissection and their manipulation is easier.

!Artifacts are ex novo sequence alterations introduced by the Taq
polymerase during the PCR reaction that become visible in the
electropherogram when the enzyme amplifies a single strand of
damaged DNA. This situation appears when few nanograms of
DNA template are used (i.e. 10 ng or less) or when DNA
template has high degradation levels (such as DNA from
formalin-fixed samples). The expected frequency of artifacts
can be considered around 1/4,000 in fresh frozen samples and
1/1,000 bp in formalin fixed samples
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26.3 Protocol

26.3.1 Reagents

* 10x PCR buffer with MgCl? (standard composition:
15 mM MgCl,, 500 mM KCl, 100 mM Tris pH 8.3
at 25°C)

e 10 mM dNTPs prepared from the stock dNTP
solution

e Primers**: Lyophilized primers should be dissolved
in sterile ddH,O or 10 mM Tris pH 8 to make a con-
centrated stock solution. Use sterile ddH,O to pre-
pare small aliquots of working solutions containing
10-30 pmol/ul primer to avoid repeated thawing
and freezing. Store all primer solutions at —20°C

e Taq DNA Polymerase

* Positive and negative controls: A positive control
(e.g. DNA containing the target sequence) should
be included to check that the used PCR conditions
successfully amplify the target sequence. Negative
controls could be water or extracts from a paraffin
block without included tissues

*  DNA purification with silica resin or similar. The
columns with silica membrane, e.g. provided by the
“QIAquick Gel Extraction Kit” (QIAGEN), are
suitable for this purpose.

*There are commercial PCR premixed solutions for convenient
PCR setup, containing PCR buffer and dNTPs. Usually Taq
Polymerase is provided with its dedicated 10x buffer. Check the
composition for the presence of MgCl,. Different commercial
PCR buffers are MgCl, free but a 25 mM or 50 mM MgCl,
solution is supplied with buffer and enzyme. MgCl, content
could be incremented in cases of multiplex PCR or decremented
in cases of high fidelity PCR

Primer design could be performed using specific software,
please refer to http://molbiol-tools.ca/PCR.htm for the on line
available software. Since the first 2040 bases of the
electropherograms are not usually reliable, it is necessary to
design primers that match about 40-50 bases before the region
of interest

“Primer design depends on the quality of starting material. For

sub-optimal quality of material (for example DNA from FFPE),
shorter PCR products are recommended. However, using higher
amounts of starting DNA, the probability to have some intact
template molecule is higher and products up to 400 bp can be
obtained from FFPE or even longer from alcoholic fixatives.
When working with highly damaged DNA, we suggest
designing primers for amplicons of around 150 base pairs even
if it would cover a short region of interest

e Low melting agarose

e 40% Polyacrilamide 29:1

e Ethidium Bromide, 100 mg/ml

* High degree deionized water (ddH,0) is recom-
mended for the elution steps. The use of Milli-Q
water (Millipore) is suitable for this purpose

26.3.2 Equipment

See Chap. 20 and 21

26.3.3 Method®

26.3.3.1 Sample Preparation

e Cool the paraffin blocks in order to properly cut the
sections. Cut 5-8 sections of 5 um thickness from
the tissue block, depending on the size of the avail-
able sample, discarding the first section and lay the
others on glass slides. Stain a section with H&E and
use it to evaluate at the microscope if the tissue
sample is suitable for microdissection.

e If microdissection is required, mark the area of
interest with a pen-marker directly on the coverglass
of the H&E stained section. Deparaffinize the cor-
responding unstained slides (See chapters 4 and 6
for details on microdissection). Fit the unstained
sections on the marked H&E slide and scratch away
the unnecessary portion of tissue® using a scalpel or

°In the case of cDNA sequencing, see chapters “RNA Extraction

from FFPE Tissues”, “DNase treatment of RNA” and “Reverse
Transcription (RT), then use the obtained cDNA to proceed
with PCR. Use 120 ng of cDNA as template for PCR. If
necessary, increase up to 200 ng for difficult amplifications.
Primers for cDNA amplification should be intron skipping in
order to avoid genomic DNA amplification

‘In the analysis of tumour associated mutations, the selected
region of the tissue slide should not contain more than 20-30%
of normal cells in order to obtain a reliable result in the
sequencing analysis. In particular, consider the contamination
from lymphocytes infiltrating the tumour
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the tip of a needle. With the needle collect the tissue
of interest in an Eppendorf tube.

e If microdissection is not necessary, cut the whole
sections and directly collect them in the Eppendorf
tube. Proceed with deparaffinization steps as descri-
bed in the protocol dedicated to DNA extraction
from FFPE.

26.3.3.2 DNA Extraction

e Perform tissue sample digestion following the steps
suggested in chapters on DNA extraction from
FFPE tissues (Chaps. 7, 8 and 9).

e Resuspend the extracted DNA in a suitable volume
(usually15 pl) of sterile ddH,O.

e Immediately quantify the extracted DNA’ (see
chapter 16, section 16.1).

* Prepare the DNA dilutions in order to use the proper
amount of template for the PCR reaction.?

26.3.3.3 PCR Procedure

e Inasterile 0.2 ml tube prepare the mastermix includ-
ing, in the following order, 1X PCR buffer, 200 uM
each dNTP, 0.22-0.3 uM of forward and reverse prim-
ers,’ 0.03-0.04 U/ul Taq Polymerase,'* considering a
final PCR reaction volume of 25 pl."' The amount of

A very accurate quantification of DNA solution is recommended
because the PCR for the sequencing analysis requires proper
DNA template amounts. When a very little amount of DNA is
expected, quantification with a Nanodrop spectrophotometer is
recommended because it allows a reliable quantification using
only 1 pl of sample

8In order to prevent further degradation, whatever the source of

the extracted DNA, multiple DNA freezing and thawing should
be avoided. For this reason, after quantification, the concentrated
DNA sample should be divided into aliquots suitable for the
following PCR amplification. The dilutions can be stored at 4°C
for a short time (3—4 weeks). The quantification of the
concentrated DNA solution should be repeated after each
thawing

°It is important to reduce the primers to optimal concentration
because an excess could result in primer dimers formation and
thus interfere with sequencing giving a higher background in
the electropherograms

"Lowering the amount of Taq polymerase can reduce the
presence of aspecific products

target DNA in each reaction should range between 5
and few hundreds of nanograms.'? For every PCR run
include a positive and a negative control.

e Place the tubes in the thermal cycler and amplify
the target DNA using the proper PCR programme
(with the annealing temperature required by the
primers in use). In the case of DNA extracted from
FFPE, a suitable PCR programme consists of: 5 min
denaturation step at 95°C, five amplification cycles
made up by denaturation, annealing and elongation
steps of 1 min. each, 40-45 amplification cycles
with steps of 30 s. each. The indicated times are
suitable for amplicons shorter then 600-700 bp. Set
the final holding step at 4°C. The PCR products can
be stored at 4°C until sequencing.'

26.3.3.4 PCR Product Analysis

* Load 2 pl of the PCR products on an 8% polyacryl-
amide gel to evaluate the amount of PCR product
and therefore its suitability for sequencing (to pre-
pare the gel follow the procedure described in
Appendix B).

e If the expected band is well detected, proceed to
step 26.3.3.6.

e If the presence of primer dimers, aspecific amplifi-
cation products and low amount of specific products
is detected,'* choose one of the following options:

"Amplifying nanograms of target DNA is troublesome with
smaller volumes

I2A good suggestion is to start with 5-20 ng of DNA template
(usually the high DNA degradation caused by formalin does
not allow amplifying less than 5 ng). If no PCR products are
obtained, try to increase the quantity (do not exceed 500 ng; in
case design primers for shorter amplicons)

BFreeze-thawing of the PCR products causes their degradation
and consequently result in electropherograms with high
background. For this reason, it is suggested to store the amplified
DNA at 4°C. However, if the PCR products have been frozen
repeatedly, good sequencing results may be still obtained by
using a higher amount of PCR product (50-100 ng) in the
sequencing reaction without changing the amount of primers

“Do not confuse polyacrylamide artifacts with aspecific
products: the former consist in thin and weak bands of high
molecular weight (far more than 1 kbp) and do not interfere
with the sequencing reaction
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— Try to repeat the PCR reaction using different
amplification conditions and/or designing more
efficient primers ex novo.

— Go to the optional step 26.3.3.5.

26.3.3.5 Optional: PCR Product Purification
from Gel

Load all the PCR product on a 1.5-2% low melting aga-
rose gel stained with ethidium bromide (see Appendix
A), and run up to one third of the gel (a longer run can
reduce the visibility of the band of interest). Excise the
band containing the specific PCR product and purify it
using a silica resin or equivalent (e.g. the columns pro-
vided by the “QIAquick Gel Extraction Kit” - QTAGEN).
Elute the DNA in 25-30 pl. Use 5 pl of the DNA solu-
tion as template for a second PCR reaction and check
again 2 ul of PCR product on an 8% polyacrylamide gel
(repeat steps 26.3.3.3. and 26.3.3.4 of this protocol).

26.3.3.6 PCR Product Purification
from the Solution

e Once the PCR product is free of aspecific DNA, purify
it (all the available volume) by using the specific silica
resin or equivalent (e.g. the columns provided by the
“QIAquick Gel Extraction Kit” - QIAGEN). This
purification step is intended to separate the PCR prod-
uct from primers, dNTPs and enzyme. After this step,
we strongly recommend eluting the DNA with high
degree deionized water (ddH,0) in order to avoid the
presence of salts that could interfere with the follow-
ing sequencing reaction. The use of 25 ul ddH,O for a
complete elution is suggested.

e Concentrate the DNA by partial evaporation to a
final volume of about 5 pl, using a thermoblock at
60°C with open tubes."

* Quantify DNA with a spectrophotometer (see chap-
ter 16, section 16.1) and dilute the DNA sample to
a concentration suitable for the sequencing reaction
(see the following step).

15Since the DNA is highly diluted, this step is necessary to allow
an accurate spectrophotometric DNA quantification

26.3.3.7 Sequencing

There are two possibilities for sequencing:

e Performing the sequencing reaction yourself (in this
case the procedure will depend on the sequencing
system in use in the laboratory).

e Sending the DNA to a sequencing service. For
PCR product sequencing, the sequencing primers
correspond to the amplification primers. In this
case, prepare two tubes each containing the puri-
fied PCR product, then add the forward primer to
one tube and the reverse primer to the other one.
For the analysis of each sequence both the “for-
ward” lecture and the “reverse” lecture are needed
in order to confirm all the detected signals. Follow
the sequencing service instruction for the proper
quantities to be sent. Usually, to sequence 200
bases 4-8 ng of purified PCR product plus
6.4 pmoles of each primer are enough. In this case,
before sending DNA +primers are dehydrated in
order to preserve them until the sequencing reac-
tion is performed.'®

26.3.3.8 Electropherogram Analysis

The results can be visualized as electropherograms
using specific software such as “Chromas Lite” (www.
technelysium.com.au/chromas_lite.html) easily avail-
able on line. The corresponding sequence can be easily
exported as a text file. Every sequence alteration visu-
alized in the electropherogram can be considered a real
mutation only if detected both in the forward and in the
reverse lecture. However, in order to exclude PCR arti-
facts, even the nucleotidic substitution detected in both
directions should be confirmed by repeating PCR
amplification and sequence analysis."” Nucleotidic
alterations in heterozygosis are immediately visible in
the electropherogram as double peaks, whereas those
in homozygosis can be highlighted by aligning the text
file of the sequence with the corresponding consensus

1The Dehydration step can be performed at 60°C in a thermoblock
with open tube caps

"The probability that the artifacts detected in the first round of
PCR appear in a second independent PCR amplification is
extremely low
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Fig. 26.2 Electropherogram of the first codons of exon 21 of the EGFR gene obtained from a formalin fixed non-tumour sample.
In this case the electropherogram is reliable after the first 39-40 nucleotides

Fig.26.3 Terminal sections a

of electropherograms from 20
three different specimens
(a, b, ¢). False peaks are
evident (arrows) when the
real peaks at the same
position are short, resulting
in double peaks

“wild-type” sequence obtained from a database.!®
Consider that usually the first 20-40 nucleotides in the
electropherograms are not readable (Fig. 26.2).

Sometimes, recurrent short “background peaks”
can appear in the extremities of the electropherogram,
reducing the reliability of the sequencing analysis.
These background peaks become evident when the
peaks of the DNA sequence are short (Fig. 26.3). They
can appear again in the same positions when amplifi-
cation and sequencing are repeated.

26.3.4 Troubleshooting

e The presence of primer dimers and aspecific prod-
ucts will result in low quality electropherograms
characterised by high background. In this case,
increase the annealing temperature in the PCR

80n-line free software, such as “ClustalW” (www.ebi.ac.uk/
Tools/clustalw2/index.html) can be used to perform the
alignment

b c
20 20
- - — = = - m = = = -_ -_ - - -
CTCTTCTOCTG G;CTTC'_I]'CTG GT CTTCTCTG

——

programme, reduce the amount of primers used
in the PCR reaction or design more efficient primers
€X NOVO.

e If you don’t have successful PCR amplifications,
try to increase the number of cycles in the PCR pro-
gramme (55 cycles at most) or, if needed, increase
the amount of template up to 200-500 nanograms.

e If you have neither primer dimers nor aspecific
products but still you have bad quality electrophero-
grams, be sure that your PCR product has not been
frozen too many times or that the sequencing prim-
ers and purified PCR products do not contain salts.
Alternatively, reduce the amount of Taq polymerase
(around 0.03 U/ul).
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tions in codon 12, 13, and 61 of the human KRAS gene
to select patients for whom treatment with anti-EGFR
therapies will be effective [1, 2]. Other commercial kits
can be used for the same purposes; the choice of the kit
here reported is linked to the direct experience of the
authors in the use of Qiagen KRAS Kkit.

The kit consists of two assays: one for detecting
mutations in codon 12 and 13, and the second one for
detecting mutations in codon 61 (Fig. 27.2). The two
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Fig.27.1 Chromosomal localization of KRAS (v-ki-ras2 Kirsten rat sarcoma viral oncogene homolog) gene

AAGGCGGCGGCGGGGCCAGAGGCTCAGCGGCTCCCAGGTGCGGGAGAGAGGCCTGCTGAA

For.Primer Seq.Primer

AATGACTGAATATAAACTTGTGGTAGTTGGAGCT
~M=—T——E—-Y=—K--L--V--V--V-—-G--A-

12 13 Rev.Primer(biot.)
GGTGGCGTAGGCAAGAGTGCCTTGAC
-G--G—-|-V--G--K--S—-—-A--L--T

GATACAGCTAATTCAGAATCATTTTGTGGACGAATATGATCCAACAATAGAGGATTCCTA
——1--Q--L--1--Q--N--H--F--V--D--E--Y--D--P--T——|-—E--D--S--Y

CAGGAAGCAAGTAGTAATTGATGGAGAAACCTGTCTCTTGGATATTCTCGACACAGCAGG
-—R--K--Q--V--V--]--D--G--E--T--C--L--L--D-=l--L--D--T--A--G

Wi

61

Fig. 27.2 c¢DNA sequence of the human KRAS gene and posi-
tion of the oligos included in the PyroMark KRAS Kit. In this
figure, the primers detecting mutations in codons 12 and 13 are

regions are amplified separately by PCR, and the region
of interest is sequenced.'

Following PCR using primers targeting codons
12/13 and codon 61, the amplicons are immobilized by
the biotinylated primers on Streptavidin Sepharose
High-Performance Beads. Single-stranded DNA is
prepared, and in the following step, the corresponding
sequencing primers anneal to the DNA. The next step
is real-time sequencing with a mixture of enzymes,
substrates, and nucleotides. The samples are then ana-
lyzed with the PyroMark Q24 software.

For the pyrosequencing reaction, sequencing prim-
ers are hybridized to the target and the second-strand
reaction is carried out in the Pyromark Q24 instrument
using an enzyme-mix with DNA polymerase, ATP sul-
furylase, luciferase, and apyrase. Adenosine 5’ phos-
phosulfate and luciferin serve as substrates. To start the

'For more details, consult the PyroMark KRAS Kit Handbook
that can be found at the QIAGEN website (www1.qgiagen.com).

TICAAGAGGAGTACAGTGCAATGAGGGACCAGTACATGAGGACTGGGGAGGGCTTTCTTTG
+4=Q4-E--E--Y--S-—-A--M--R--D--Q--Y--M--R--T--G--E--G--F--L--C

indicated. KRAS gene sequence has been retrieved from: http://
www.ensembl.org/Homo_sapiens/Transcript/Sequence_cDNA?
db=core;g=ENSG00000133703;t=ENST00000256078

reaction, the enzyme-mix and the substrate-mix are
added to the target and the primers that are already in
the 24-well plate. For the first step of the reaction, the
first ANTP is added and incorporated into the emerging
DNA strand if it corresponds to the template strand.
In this case, pyrophosphate is released in a quantity
that is equimolar to the amount of incorporated nucle-
otides. For visualization, ATP sulfurylase converts
pyrophosphate into ATP in the presence of adenosine
5’ phosphosulfate. ATP is needed for the conversion of
luciferin to oxyluciferin that is catalyzed by luciferase
and results in the generation of visible light that is pro-
portional to the amount of ATP. This reaction is
detected separately in every well by the CCD sensors
and recorded as peaks in the Pyrogram™.

Before the next nucleotide can be added, unincorpo-
rated nucleotides and ATP must be destroyed by
apyrase. Nucleotides are added sequentially according
to the dispensation order that is based on the target
sequence and the variations expected to build the new
strand.


http://www.ensembl.org/Homo_sapiens/Transcript/Sequence_cDNA?
http://www.ensembl.org/Homo_sapiens/Transcript/Sequence_cDNA?
www1.qiagen.com
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The following protocol is intended to be used with
the therascreen KRAS Pyro Kit for 24 samples and
consists of four main steps: DNA extraction from
FFPE, PCR and check-gel, immobilization, and sample
preparation. The total time required is two working
days: one for DNA extraction, and one for PCR, check-
gel, immobilization, and preparation of samples.

27.2 Precautions

*  Wear disposable gloves.

e Handle preamplification and postamplification
reagents in separate rooms.

e Thaw all components thoroughly at room tempera-
ture, and mix them well before use.

27.3 DNA Extraction from FFPE

27.3.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

Refer to reagents reported in Chap. 7.

27.3.2 Equipment

Refer to equipment listed in Chap. 7.

27.3.3 Method

e Identify the areas of the FFPE samples to be sub-
mitted to the analysis (e.g., primary tumor and/or
metastasis). For a proper histologic selection, the
use of tissue microdissection is recommended (see
Chap. 4 and Chap. 6).

e Perform DNA extraction from FFPE material fol-
lowing the protocol described in Chap. 7.

e Determine DNA concentration (e.g., using Nanodrop).
Dilute samples in order to test amplification of both
10ng and 30ng genomic DNA in 5 pl.>?

e For the PCR reaction, prepare two tubes for each
sample when performing duplicate testing as
recommended.

27.4 PCR Amplification

27.4.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used

* therascreen KRAS Pyro Kit (24) (Qiagen Cat. No.:
971460),

24-ul PCR Primer KRAS 12/13
24-ul PCR Primer KRAS 61
100-pl Unmethylated Control DNA, 10ng/ul
24-ul Seq Primer KRAS 12/13
24-ul Seq Primer KRAS 61
850ul PyroMark PCR Master Mix
2x 1,2ml CoralLoad Concentrate, 10x
* High purity water: Pyrophosphate — free (MilliQ
18.2 MQ) x cm or equivalent)

27.4.2 Equipment

* Disinfected variable pipettes and aerosol-resistant
pipette tips for 10 ul, 20 pl, and 200 pl

e 0.5-ml thin-walled thermo-well tubes (e.g., Costar
Cat. No.: 6530)

e 1.5-ml micro tubes, sterile (e.g., Sarstedt Cat. No.:
72.692.005)

* Microcentrifuge suitable for 0.5 ml (e.g., Costar tubes)

2According to the manufacturer’s instructions, optimal DNA
concentration is 10-20 ng in 5 pl. Since 10 ng sometimes results
in rather small peaks in the pyrosequencing analysis, we prefer
using 10ng and 30ng DNA in 5 pl and recommend adapting the
amount of DNA according to your own experience.

3If the concentration of DNA is less than 10 ng, the amplification
reaction might still work. However, it is recommended to check
the quantity of the amplification product using gel electrophoresis
(2% agarose gel) and to use a control size ladder PCR.
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Table 27.1 Amplification Mix

Component Volume per sample 24(+2) x
PyroMark PCR master 12.5 pl 325 pl
mix, 2x

CoralLoad concentrate 2.5l 65 pl
(10x)

PCR primer KRAS 1.0 pl 26 ul
12/13 or 61

High purity water 4.0 ul 104 pl
Total volume 20.0 pl 520 pl

e Thermal cycler (e.g., Perkin-Elmer Gene Amp
System 9700)

27.4.3 Method

* Thaw primer solutions and the reaction mix for the
PCR in the master mix room.

e Prepare the Amplification Mix in a microtube,
depending on the number of reactions needed
(consider + two more reactions to compensate for
loss of pipetting, see Table 27.1).

° Mix the Amplification Mix thoroughly, and dis-
pense 20 pl into each thermo-well tube.

e For non-template control: 5 pl of high purity water.

e In the DNA preparation room, pipette 5 ul contain-
ing the appropriate amount of diluted DNA (10 and
30 ng respectively) into each tube already contain-
ing the Amplification Mix and mix by pipetting up
and down 2-3 times. Total volume is 25 pl.

e Include the reactions with unmethylated Control DNA
as positive control. Spin down mixture.

e Perform the following amplification program:

95°C 15 min Initial activating step
95°C 20's

53°C 30s 40-42 cycles

72°C 20s

72°C 5 min

4°C 00

* After performing the PCR check the amplification
products on a 2% agarose gel with slots that contain
6-8 pl of each PCR product (Fig. 27.3).

Fig. 27.3 Visualization of the amplification products of KRAS
gene on 2% agarose gel. Although the amount of DNA is
adjusted by determining the DNA concentration (e.g,. Nanodrop),
amplification can result in different amounts of PCR product,
because of differences in DNA quality. The results from the
check-gel are used to adjust the amount of PCR product for the
following step: e.g., 17 ul for weak (red arrow) bands to 10 pl
for strong (blue arrow) bands

27.5 Immobilization of PCR
Products to Streptavidin
Sepharose High-Performance
Beads

27.5.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

e Streptavidin Sepharose™High Performance (GE
Healthcare Cat. No.: 17-5113-01)

e PyroMark Binding Buffer (Qiagen Cat. No.: 979306
included in the Box 2 of the therascreen KRAS Pyro
Kit) (4°C)

* High purity water (MilliQ 18.2 MQ x cm or
equivalent)

27.5.2 Equipment

e Plate mixer Monoshake X826.1 (e.g., Carl Roth)
orbital shaking up to 1,400 rpm*

e 24-well PCR plate or 96-well plate (cuttable) and
Strip caps

*Orbital shaking is recommended to coat the Sepharose beads to
their full capacity and to avoid sedimentation of the beads.
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27.5.3 Method

* Gently shake the bottle containing Streptavidin
Sepharose High-Performance Beads until it is a
homogeneous solution.

e Prepare the following Mastermix (volumes are cho-
sen according to the intensity of the gel bands):

Low High

intensity

intensity

Streptavidin Sepharose 3ul 3ul
High-Performance Beads:

Pyromark binding buffer: 40 pl 40 ul
High purity water: 20 pl 27l
PCR product: 17 pl 10 pl
Total volume: 80 ul 80 ul

* Add 63 pl, respectively 70 pl, of the master mix to
wells of a 24-well plate (cut 3 rows of a 96 well
plate).

° Add 17 pl, respectively 10 ul, of biotinylated PCR
product (according to the intensity of the bands on
the gel), for a total volume of 80 ul/well.

e Seal the plate and agitate constantly at room tem-
perature for 10-15 min, 1,400 rpm on an orbital
shaker.

e During the previous step, prepare the vacuum
workstation.

e Fill the troughs with solutions indicated to line
according to the scheme:

— Position 1: capturing
aiflbzady 4 WTSth 8 | Parking
— Position 2: 50 ml of SOULOT
70% ethanol
— Position 3: 50 ml
PyroMark denatur- Bare
ation solution 3 | solution | 7| Water
— Position 4: 50 ml 1x
PyroMark washing
buffer
— Position 5: release 2 70% 6 | Water
of beads ETOH
— Position 6 + 7:
50 ml/70 ml of
A il v Capture Release
— Position 8: parking . beads 2 beads
position

27.6 Sample Preparation (Separation
of the DNA Strands and Release
of the Samples in Q24 Plate)

27.6.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used)

e 70% Ethanol

* All following reagents are included in the therascreen
KRAS Pyro Kit

e PyroMark Denaturation Solution® (4°C)

e PyroMark Wash Buffer, concentrate (10x) (4°C)

*  PyroMark Validation Oligo (-20°C)

e PyroMark Control Oligo (-20°C)

e Seq Primer KRAS 12/13 or 61 from the Kit (-20°C)

e PyroMark Annealing Buffer (4°C)

27.6.2 Equipment

e PyroMark Q24 MDx vacuum workstation (Qiagen
Cat. No.: 9001515/9001517)

*  PyroMark Vacuum Prep Filter Probes (100) (Qiagen
Cat. No.: 979010)

e PyroMark Q24 Plate (Qiagen Cat. No.: 979301)

* Heating block at 80°C

27.6.3 Method

This protocol is used for preparation of single-stranded
DNA and annealing of the sequencing primer to the
template prior to pyrosequencing analysis on the
Pyromark Q24 MDx.

27.6.3.1 Sequencing Primer

e Fill a Q24 plate with 0.3 uM sequencing primer
(codon 12/13 or codon 61) in 30 pl Annealing

This reagent should be handled with caution because it contains
NaOH.
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Buffer included in the Box 2 of the therascreen
KRAS Pyro Kit in each well (0,96 ul Sequencing
primer (10 pM) + 29,04 pl Annealing Buffer).

For example, for a Q 24 plate, prepare a Mastermix
for 26 samples:

Sequencing primer (10 pM) 24,96 nl

Annealing buffer 755,04 pl

Total volume 780 pl (30 pl/well)

27.6.3.2 Vacuum Prepstation

Dip the filter probes for a few seconds into water to
get small drops on the tops of the filter probes.
Switch on the vacuum, and check if all filters are
working, indicated by the disappearance of drops.
Wash and rehydrate the filter probes by flushing
them with approximately 70 ml water.

Capturing of beads must take place immediately
following agitation, because the beads sediment
quickly.

Leave the filter probes in the well plate for 15 s to
capture all beads. Position 1.

Plate must be in the proper orientation!

Leave the vacuum switch on to do the following
steps:

— 10 s — position 2 — 70% Ethanol

— 10 s — position 3 — Denaturation Solution

— 15 s — position 4 — Washing Buffer

Move to beyond 90° vertical for a few seconds after
each step to avoid backdrain!

Switch off the vacuum for 5 s before releasing the
beads into the sequencing primer/Annealing Buffer
(otherwise the sequencing primer solution can be
exhausted into the filters) and shake the tool from
side to side — position 5.

Heat the Q24 plate with beads and primers at
80°C for 2 min using a prewarmed Q24 plate
holder.

Remove the plate from the holder and let the sam-
ples cool to room temperature for at least 10 min,
otherwise enzyme and substrate for the sequencing
reaction will be damaged.

Clean the filter probes by agitating the filter probes
for 10 s in water on position 6 and then leave 70 ml
water from position 7 flush through the filter probes
(Vacuum on).

Final step for the filter probes is washing with
Ethanol and drying. Then park the tool in the parking
position until the next run.

27.7 Running of the Pyromark Q24

27.7.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

PyroMark Gold Reagents (4°C) included in the Box
2 of the therascreen KRAS Pyro Kit
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27.7.2 Equipment * Enter run parameters
— Run name - it is given when the run is saved,
e.g., 20100106_KRAS_X.

* PyroMark Q24 MDx (Qiagen Cat. No.: 9001513) — Instrument method — instructions are supplied

* PyroMark Q24 MDx Software (Qiagen Cat. No.: with the product.
9019063) . — Plate ID, Bar code, and Reagent ID — are optional,
* PyroMark Q24 Cartridge (Qiagen Cat. No.: but we recommend entering the reagent ID to
979302) avoid any unexpected problems.

e Set up a plate by adding the corresponding assay
files for both codon 12/13 and codon 61.
e Enter sample ID (name, number of tissue) and note

27.7.3 Method the concentration (ng, dilution...).

* Open the Prerun information (list of required vol-
umes of enzymes, substrate-mix, and nucleotides)
from the Tools menu and print.

e Close the run file, and copy it to the USB memory
stick.

This protocol describes the run set up with the
PyroMark software, the loading of the cartridge with
the PyroMark Gold Q24 Reagents, and the procedure
for the analysis of the run.

27.7.3.2 Loading of Pyromark Q24 Gold

27.7.3.1 Run Setup Reagents into the Pyromark Q24

Cartridge
* Open the PyroMark software and create an Assay
Setup for the KRAS assay (Fig. 27.4). e Load the Cartridge with the appropriate amount of
e Create a new run file: enzyme, substrate, and nucleotides according to the

Codon12/13: |CHRTIIGIEN G TAGGC

Sequence to analyze: GNT GRC GTAGGC (N —any base, R—-G, A)
Dispensation order: TACGACTCAGATCGTAG

AQ ®

Assay Name: KRAS1Z.13M1

Sequence ho Analre
|GNTGRCGTAGGE

Dispereation Dider

[TACGACTCAGATCGTAR

Vasiskle Poskions | devaysis Passmalers

Position Name Analyze
1 Pos 1 =
2 Pos 2 =

Fig. 27.4 Features of the assay setup screen opened with the PyroMark software
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Prerun information. The label of the cartridge must
be facing the front.

There are some limitations for the cartridge —an
intact surface is guaranteed for 30 runs. Watch
the water jet at the rinsing step (step 6) — the
water jet must be precisely straight down into the
wells.

Open the instrument and the cartridge gate and
insert the filled cartridge with label facing out. Take
care that the cartridge is inserted correctly, then
close the gate.

Open the plate holding frame and place the Q24
well plate to the heating block. Close the frame and
the lid.

Insert the USB stick with the run file — select run —
press o.k. — select run file — start run.

When the run has finished — after about 22 min for
KRAS - the run file should have been saved on the
stick. Press — close.

Open the instrument, discard the plate, and remove
the cartridge (wash with water and press some drops
through the thin capillaries).

Alternatively, if you plan to use the cartridge again
immediately, refill with enzyme, substrate, and nucle-
otides, respectively, without washing (important!).

27.7.3.3 Analysis

Insert the USB stick with the processed run into the

USB port of the computer.

Open the run file in AQ mode of the PyroMark Q24

Software and analyze the run either by analyzing all

wells or analyzing the selected wells.

— Well information: Assay name, sample ID, notes,
and any analysis warnings

— Pyrogram: The results and the quality assess-
ment are displayed above the variable position

Quality assessments are displayed by quality bars

in the overview and background color of the analysis

results:

[]
]

Passed

Check (if the single peak height is lower than
30 RLU, but detectable results)

Failed (if single Peak height is lower than 15
RLU)

(b)

(©)

(d)

(e)

27

()

(b)

()

For reliable results, a single peak height above 30
is recommended!

The software analyzes only the region of interest
and looks for the percentage of bases other than
the wild-type sequence (see Run Setup).

Nucleotide 35 is checked first since it is the most
frequently mutated.

Reanalyze all samples with “no mutation detect-
ed in nucleotide 35 (GGT_GGC)” as well as all
samples that received CHECK or FAILED quality
assessment with the sequence to analyze targeting
mutations at nucleotide 34 (GGT_GGC)!

Samples that are suspicious to contain a mutation
with a peak height near or at the limit of detection
should be reanalyzed in duplicate and compared
to a normal sample also analyzed in duplicate!

.7.3.4 Results

The most frequent mutations in the KRAS gene
are found at nucleotide 35 GGT (the second base
in codon 12) (Fig. 27.5).

If a sample contains a mutation in nucleotide 34
(first base of codon 12) (Fig. 27.6), the sequence
to analyze must be changed to analyze the mu-
tations at this position. To do so, go to analysis
setup and change sequence to analyze from GNT-
GRCGTAGGC to NGTGRCGTAGGC.

Press apply button and click — to all or to selected
samples

Base 2 of codon 12 can be also affected by a less
frequent mutation (Fig. 27.7).

The results 1% A and 1% C in the figures above
should be considered as background and result
from the injection of the nucleotides.

27.7.4 Troubleshooting

If there is no product visible on the check-gel, fur-
ther analysis is not recommended because it is very
unlikely that peaks of sufficient height are obtained
(for a valid sequencing result, a threshold of 15
RLU is necessary). Possible solution: Repeat PCR
and try to increase yield.
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Position of interest (shaded area)
Base 2 of codon 12
B7 GNTGRCGTAGGC A: 16% mutation
C: 0%
G: 84% A: 0%

200 |
150 p-ooen T RRCRRTRRE RO
100 ...... PPN PRSP RSP
50
0 fresssemsimssznnag :
E S T A C G c T C A G A T C G T A G
5 10 15
2¢ .
84% G
1t
100% G 100% T
0 PR 1L16% A P I
T A C G A C T C A G A T C G T A G
5 10 15

GGT (Gly) ? GAT (Asp) = Gly12Asp with 16% A (mutation) and 84% G (wt).

Fig.27.5 Graphical representation of KRAS mutation in the second base of codon 12, as visualized by the PyroMark software
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GGT (Gly) ? TGT (Cys) = Gly12Cys with 56% T (mutation) and 42% G (wt).

Fig. 27.6 Graphical representation of KRAS mutation in the first base of codon 12, as visualized by the PyroMark software
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Fig. 27.7 Graphical representation of the less common KRAS mutation in the second base of codon 12, as visualized by the

PyroMark software

e If the PCR product is clearly visible on the check-
gel but sequencing peaks are too small, it is possible
that not enough PCR products have been bound to
the beads or beads have been lost during cleanup
steps. Possible solutions: Carefully suspend beads
in the master mix, use orbital shaker at 1,400 rpm to
coat beads evenly. Quickly transfer the mix to the
preptool to avoid sedimentation of the beads.
Problems performing the sequencing reaction.
Possible solution: heat plate containing beads
coated with single-strand amplicon and sequencing
primers for 2 min (not longer!) at 80°C. Avoid
evaporation of the buffer since the salt concentra-
tion for the subsequent sequencing reaction would
be too high. Cool at least for 10 min prior to adding
the enzymes to avoid denaturation.

After dissolving the lyophilized enzyme-mix and
reaction substrate, store at —20°C up to 2 weeks, not
longer.
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agents and to antimetabolic chemotherapics [13-15].
An MMR defect can be detected by means of immu-
nohistochemistry, but this approach could be inade-
quate if a nonfunctional protein is expressed, or
difficult to perform in formalin-fixed paraffin-embedded
(FFPE) tissues, because of epitope degradation [16].
Microsatellite instability is a phenotypic indicator of
defective DNA mismatch repair system and, to date,
the detection of this phenomenon is regarded as the
standard screening method prior to mutation analysis.
In 1997, participants in a National Cancer Institute
workshop developed the international criteria (Bethesda
guidelines) for microsatellite instability testing [17],
identifying a reference panel of five microsatellite
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markers (BAT25, BAT26, D5S346, D2S123, and
D17S5250), which had previously been proposed and
validated by a German multicenter study group [18, 19].
With regard to MSI status, tumours can be classified
into three groups. The first one is characterized by
MSI-high (MSI-H, showing instability in >40% of
tested markers); the second one by MSI-low (MSI-L,
showing instability in <40% of tested markers); and
the third one by no instability (MSS, showing micro-
satellite stability). The NCI guidelines also suggest
testing a second panel of alternative markers if only
one marker of the first reference panel tests unstable,
to rule out low-level MSI (MSI-L). In this case, the
result is interpreted as MSI-H if at least 30% of all
markers show instabilities; otherwise it is regarded as
MSI-L [17, 20].

The Bethesda panel provides a uniform set of mark-
ers and criteria in MSI analysis. This panel, however,
has some limitations because of the three dinucleotide
markers used [20]: (a) each dinucleotide repeat gener-
ally shows instability in only 60—80% of MSI-H tumors
[21], (b) their highly polymorphic nature requires the
analysis of tumour and corresponding germline DNA
(not always available), (c) misclassification of MSI
can occur if samples from two individuals are mixed
up [22].

In order to improve the existing panel, more mono-
nucleotide markers have been tested for germline
polymorphisms and several of them showed quasimo-
nomorphic nature [23, 24]. Suraweera et al. proposed a
set of five quasimonomorphic mononucleotide micro-
satellite markers (BAT-25, BAT-26, NR-21, NR-22,
and NR-24) analyzed together in pentaplex PCR with
nearly 100% sensitivity and specificity, eliminating the
need for corresponding germline DNA. Tumour is
defined as MSI-H when at least three out of five mono-
nucleotides show instability [21, 25, 26]. Bethesda
guidelines were revised in 2002 and accepted the
aforementioned panel of markers as an alternative to
previously used panels [20].

Recent evidence has shown that the sensitivity and
specificity of the mononucleotide repeats panel remain
substantially unaffected whether a cutoff threshold of
22 or 23 unstable markers is used to detect an MMR
defect. In addition, the >2 markers threshold would
provide a slightly higher sensitivity for a MSH6 defect,
which usually escapes detection when using the classic
Bethesda panel [27].

Herein three technical approaches to MSI analysis
(MSA) are proposed:

* A basic method involving singleplex amplification
of the Bethesda panel microsatellite sequences [17]
and subsequent PAGE run and silver stain detection
of PCR products;

e A multiplex PCR amplification of the five mono-
nucleotide markers of the alternative panel [25, 26]
coupled with DHPLC (Denaturing High-Perfor-
mance Liquid Chromatography) analysis of PCR
products;

* A multiplex PCR amplification of the five mono-
nucleotide markers of the alternative panel [25, 26]
coupled with capillary electrophoresis.

Since DNA from FFPE could be quite variable in qual-
ity, a control PCR for the assessment of amplifiability
and integrity of sample DNA is also suggested.

All these three methods involve a common step of
DNA extraction.

The interlaboratory reproducibility of MSI test-
ing with the five mononucleotide markers has been
assessed recently by the institutions involved in the
IMPACTS project. The overall concordance at single
locus level was 97.7%, comparable to that of the NCI
panel (95.0%). A 100% agreement was reported at the
patient-sample level both using the mononucleotide
and the NCI markers. With these latter, however, con-
cordance lowered to 85.7% if considering the MSI-L
phenotype [28].

28.2 DNA Extraction from FFPE
for Microsatellite Analysis

The following protocol is an adaptation of a previously
published method of total DNA extraction [29] and is
currently in use in one institution of the IMPACTS
group (other protocols that can give good-quality DNA
can be found in Chaps. 7 and 8; alternatively, one can
avail of a commercial kit). For MSA, DNA from both
the tumoral and the normal tissue of the same patient
are required. If both normal and tumour tissues are
present in the same paraffin block, it is necessary to
perform microdissection (manual or laser capture, see
Chaps. 4 and 6). The sections of tumor tissue should
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contain more than 50% of neoplastic cells [6], in order
to avoid false negatives. The time required for the
whole procedure is 3 days.

28.2.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

* Xylene (Fluka or Sigma-Aldrich)

e 100% and 70% Ethanol (Fluka or Sigma-Aldrich)

e Lysis stock solution 10x: 500 mM Tris-HCI1 pH 8,
EDTA 10 mM, 5% Tween 20 (Sigma)

* Proteinase K stock solution, 20 mg/ml (Sigma
P2303): dissolve Proteinase K in 50% sterile gly-
cerol' in DNA-grade water. Store at —20°C

e Phenol, equilibrated with 10 mM Tris HCI, pH 8
(Sigma P4557)

e Chloroform (Sigma)

e DNA precipitating solution: 100% EtOH, 3 M
Sodium Acetate, pH 7

e 1 mg/ml Glycogen in H,O (Sigma) used as precipi-
tation carrier

e 10x TE buffer: 100 mM Tris HCI, pH 8, 10 mM
EDTA

28.2.2 Equipment

* Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e 1.5 ml nuclease-free autoclaved tubes

e Microtome, with new blades

e Chemical hood

o Tabletop refrigerated centrifuge suitable for cen-
trifugation of 1.5 ml tubes

e Thermomixer

e Spectrophotometer

IThe solubilization of proteinase K in 50% sterile glycerol avoids
the freezing effect at —20°C, thus maintaining an optimal
enzymatic activity.

28.2.3 Method

Wear gloves when isolating and handling DNA to min-
imize the activity of endogenous nucleases.

e Using a clean microtome blade,? cut 3—10 sections?
of about 5 um thickness. Discard the first section
and displace the other ones in a clean 1.5 ml tube.*

e Add 1 ml of xylene,’ vortex for 10 s. and then incu-
bate the tube at room temperature (RT) for approxi-
mately 5 min.

e Spin the tube for 10 min at maximum speed
(14,000 rpm) in a microcentrifuge and then care-
fully remove and discard the supernatant.® Repeat
wash with a fresh aliquot of xylene.

*  Wash the pellet by adding 1 ml of 100% Ethanol. Flick
the tubes to dislodge the pellet and then vortex the tubes
for 10 s. Incubate at RT for approximately 5 min.

e Spin the tube for 10 min at maximum speed
(14,000 rpm) in a microcentrifuge and then care-
fully remove and discard the supernatant.

* Repeat washes twice, first using 100% ethanol and
then 70% ethanol.

e After removing 70% ethanol, allow the tissue pellet
to air dry at 37°C for 15-30 min.

* Complete the digestion solution by mixing 100 pl
of 10x lysis solution, 25 pl of 20 mg/ml Proteinase
K (final conc. 0.5 mg/ml), and 875 ul of sterile
water per 1 ml of solution. Keep in ice until use.

* Add 200400 pl of complete digestion solution to
the pellet, depending on the pellet size. The diges-
tion buffer must cover the tissue completely. Pipette
the solution until the pellet is resuspended.

e Incubate for at least 16 h in a thermomixer at 55°C,
shaking moderately.’

Clean the microtome with xylene. Cool the paraffin blocks
at —20°C or on dry ice in aluminum foil to obtain thin sections.

*The number may vary, according to tissue type and area.

“Use some sections from a paraffin block without any tissue for
the negative controls.

SWhen working with xylene, avoid breathing fumes; it is better
to perform the deparaffinization step under a chemical hood.

®Discard the supernatant using a micropipette or a glass Pasteur
pipette. Disposal of chemicals should be done in keeping with
your laboratory safety rules.

If low amounts of DNA are obtained, digestion can be prolonged
up to 72 h by adding new Proteinase K solution every 24 h.
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e Spin down the tubes to collect the condensate from
the walls before opening. Add one volume of a 1:1
mixture of phenol-chloroform® per volume of diges-
tion solution. Shake vigorously.

e Leave in ice for 10 min.

e Spin the tube for 10 min at maximum speed
(14,000 rpm) at 4°C in a tabletop refrigerated micro-
centrifuge.

» Transfer the upper, aqueous phase to a new 1.5 ml
tube; do not touch the interphase disc, which con-
tains most of the protein residues.

e Add 5 pl of 1 mg/ml glycogen and 3 volumes of
DNA precipitating solution per volume of recov-
ered aqueous phase.

e Allow precipitation overnight at —20°C.

e Spin the tube for 20 min at maximum speed
(14,000 rpm) at 4°C. A small pellet should form at
the bottom of the tube.

* Discard the supernatant. Do not touch the pellet.

* Add 100 pl of 70% ice-cold ethanol, without resus-
pending the pellet.

e Spin the tube for 5 min at maximum speed
(14,000 rpm) at 4°C.

e Discard the supernatant. Leave the pellet to air dry
at 37°C for 15-30 min.

e Resuspend the pellet in 22 pl of 1x TE buffer.

e Determine the DNA concentration spectrophoto-
metrically at 260 and 280 nm.? Absorbance ratio
between readings at 260 and 280 nm should
be >1.6, which is indicative of an acceptable
level of contamination from proteins (see also
Chap. 16).

* Store the DNA at —20°C until use.

28.2.4 Troubleshooting

e If neither a pellet nor a “smear” on the tube wall is
visible after precipitation, add 5 pl of glycogen
solution and again leave overnight at —20°C.

8Phenol and chloroform are toxic by inhalation; work under a
chemical hood.

°The concentration of dsDNA expressed in pg/uL is obtained as
follows: [DNA] = A, x dilution factorx 50x 107,

28.3 MSA: Basic Method

Microsatellite marker amplifications are performed as
singleplex PCR reactions using DNA from both
tumoral and normal tissue of the same patient. In
accordance to the recommendations by the NCI [17]
the validated five microsatellite panel is tested first. If
only one marker shows instability, or if only the dinu-
cleotide repeats are mutated, a second panel of five
additional markers (BAT40, D10S197, D13S153,
MYCLI, and D18S58) [17, 20, 30] is checked.'® This
latter panel is currently adopted by the institutions of
the IMPACTS group in a diagnostic setting. See
Tables 28.2 and 28.3 for primer details.

PCR products are separated on an acrylamide gel
and visualized by means of silver staining.

Since DNA extracted from FFPE can be variably
degraded and may contain PCR inhibitors, we suggest
performing a preliminary quality control to test if sam-
ple DNA is suitable for MSA and to determine the
optimal quantity for amplification. For this purpose, a
251 bp fragment of the B-globin gene is amplified.
Since -globin gene is present in all the cells (it never
undergoes deletions) and is not polymorphic, it is a
suitable target for the control PCR [31]. The size of the
amplified fragment (251 bp) reflects the length of the
largest PCR product that can be obtained.

28.3.1 PCR Reaction

28.3.1.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

e 10X PCR buffer Il without MgCl,: we report the
standard composition of PCR buffer II: 500 mM
KCl, 100 mM Tris pH 8.3 at 25°C

* 25 mM MgCl, solution (Applied Biosystems)

The primer sequences for D2S123 and D13S153 have been
modified with respect to those previously published, in order to
reduce the length of the amplified product.
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e dNTPs stock solution pHS, 100 mM each
(Amersham): dilute the dNTP stock solution in
sterile water to prepare a 10 mM solution of each
dNTP

e Primers (Sigma): Lyophilized primers should
be dissolved in a small volume of distilled water
or 10 mM Tris pH 8 to make a concentrated

Table 28.1 Control PCR primers
Marker name Genomic Sequences (5'-3")

(e.g. 300 pmol/ul) stock solution. Prepare small
aliquots of working solutions containing 30 pmol/ul
to avoid repeated thawing and freezing. Store all
primer solutions at —20°C. See Tables 28.1-28.3 for
primer details

* AmpliTag Gold (Applied Biosystems, N8080247)

5 U/l

Product (bp)

position

B-globin 11p15.5 F: ACACAACTGTGTTCACTAGC 53.4 251
R: GAAAATAGACCAATAGGCAG 53.9

F forward primer, R reverse primer

Table 28.2 MSA primers, first panel

Marker name Genomic position Sequences (5'-3") Range (bp)

D2S123 2p16-2p16 F: ACATTGCTGGAAGTTCTGGC 62.6 121-141
R: CCTTTCTGACTTGGATACCA 57.5

D5S346 5q21-5q22 F: ACTCACTCTAGTGATAAATCGGG 58.7 96-122
R: AGCAGATAAGACAGTATTACTAGTT 52.1

D17S250 17q11.2-17q12 F: GGAAGAATCAAATAGACAAT 50.6 151-169
R: GCTGGCCATATATATATTTAAACC 57.2

BAT25 4ql12-4q12 F: TCGCCTCCAAGAATGTAAGT 59.7 124
R: TCTGCATTTTAACTATGGCTC 57.0

BAT26 2p16.3-2p16.3 F: TGACTACTTTTGACTTCAGCC 57.0 121
R: AACCATTCAACATTTTTAACCC 59.0

See footnote 10
F forward primer, R reverse primer

Table 28.3 MSA primers, second panel

Marker name Genomic position Sequences (5'-3") Range (bp)

BAT40 1p13.1-1p13.1 F: ATTAACTTCCTACACCACAAC 54.0 123
R: GTAGAGCAAGACCACCTTG 56.7

MYCL1 1p32-1p32 F: TGGCGAGACTCCATCAAAG 56.7 140-209
R: CCTTTTAAGCTGCAACAATTTC 54.7

D18S58 18q22.3-18q23 F: GCTCCCGGCTGGTTTT 54.3 144-160
R: GCAGGAAATCGCAGGAACTT 57.3

D13S153 13q14.1-13q14.36 F: TAACCGACTCCTGTTTCTCC 56.8 162-186
R: AAGGTCTAAGCCCTCGAGTT 57.0

D10S197 10p12-10p12 F: ACCACTGCACTTCAGGTGAC 59.4 161-173
R: GTGATACTGTCCTCAGGTCTCC 62.1

See footnote 10
F forward primer, R reverse primer
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28.3.1.2 Equipment

* Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e 0.2 and 1.5 ml nuclease-free microtubes

e Sterile laminar flow hood

e Tabletop refrigerated centrifuge: suitable for cen-
trifugation of 0.2 ml tubes

e Thermal cycler

e Electrophoresis unit for agarose gel

e UV transillumination unit

28.3.1.3 Method
Controls

Negative control for
section 28.2.3.

Positive control for $-globin and MSA amplifica-
tions: DNA from normal human lymphocytes,
50 ng/pl. !t

B-globin and MSA: see

Quality Control PCR

e Prepare the following dilutions of sample DNA in
1x TE: 400 ng/pl, 100 ng/ul, and 25 ng/pl.

e Prepare the PCR master mix in a sterile laminar
floodhood.

* PCR is performed in a final volume of 50 pl,
containing:

— 5 ul 10X PCR Buffer II........... 1X final
— 3 ul MgCL, solution, 25 mM....1.5 mM final
— 1 pl dNTP, 10 mM each.......... 0.2 mM final
— 0.5 pl B-globin forward primer,
30 pmol/pl..cceeiiieiieinee 0.3 pmol/ul final
— 0.5 pl B-globin reverse primer,
30 pmol/pl...cciiiiiiiiee. 0.3 pmol/ul final
— 0.25 ul AmpliTaq Gold,
SU/MLciiiiiiiiiiciccee, 0.025 U/l final
— 1 pl of diluted sample DNA
- or

1 ul of undiluted negative control-or

"t is recommended that a high-quality DNA, e.g. a DNA
extracted from a cell line, be used.

— 1 pl of positive control.
- H,0 to volume

e Opverlay the reaction mixture with 20 pl of mineral
oil.

e Thermal cycling: 94°C 10"+5 x (94°C 60", 52°C
60", 72°C 60")+35 x (94°C 30" 52°C 30" 72°C
30")+72°C 5.

e Gel visualization: mix 10 pl of PCR product with
2 ul of 6x loading buffer'; load on a 2% agarose gel
prepared with 1x TBE containing 0.5 pg/ml ethid-
ium bromide.” Include a 100 bp marker ladder
(e.g., Amersham 27400701). Run at 80 V constant
until bromophenol blue reaches 1/2 of the gel.
Inspect under a UV source. A single band should be
visible in the sample and in the positive control
lanes.

e Sample dilution yielding the strongest amplifica-
tion signal will be used in MSA. Should two dilu-
tions yield equal signals, we suggest using the one
containing the highest DNA concentration. Indeed,
PCR artifacts may occur when too low DNA
quantities from FFPE are used [32].

PCR for First or Second Microsatellite Panel

* Operate in a sterile laminar floodhood. Prepare a
different master mix for each microsatellite marker

(singleplex).

* PCR is performed in a final volume of 50 pl,
containing:
— 5 ul 10X PCR Buffer IL........... 1X final

— 3 ul MgCl, solution, 25 mM... 1.5 mM final
— 1 pl ANTP, 10 mM each.......... 0.2 mM final
— 0.5 pl forward primer,

30 pmol/pl..cceieiieieieeeee, 0.3 pmol/ul final
— 0.5 pl reverse primer,

30 pmol/pl...ceiiiiiiiiceee. 0.3 pmol/ul final
— 0.25 pl AmpliTaq Gold,

SUML e 0.025 U/l final

26x loading buffer: 0.25% bromophenol blue, 0.25% xylene
cyanol, 30% glycerol in H,0O.

BEthidium bromide is a potentially carcinogenic compound.
Always wear gloves. Used EtBr solutions must be collected in
containers for chemical waste and discharged according to the
local hazardous chemical disposal procedures.
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1 uL of diluted sample DNA

- or

1 uL of undiluted negative control-or

1 uL of positive control for amplification
- H,0 to volume

e Overlay reaction mixture with 20 pl of mineral oil.

e Thermal cycling: 94°C 10'+5 x (94°C 60", 55°C
60", 72°C 60")+35 x (94°C 30" 55°C 30" 72°C
30") +72°C5".

e Gel visualization: mix 10 ul of PCR product with
2 ul of 6x loading buffer'¥; load on a 2% agarose gel
prepared with TBE 1x, containing 0.5 pg/ml ethid-
ium bromide. Include a 100 bp marker ladder (e.g.,
Amersham 27400701). Run at 80 V constant until
bromophenol blue reaches 1/2 of the gel. Inspect
under a UV source. A single band should be visible
in the sample and in the positive control lanes.

28.3.1.4 Troubleshooting

* No sample dilution yields a visible band. DNA
could be degraded to an extent that does not allow
amplification of a 251 bp fragment. Repeat amplifi-
cation performing five more cycles. Run the sample
in duplicate/triplicate. If only one of two/three rep-
licas amplifies, stochastic amplification is suspected
due to very low concentration or highly degraded
DNA and results should be cautiously evaluated.
Sample re-extraction is recommended.

28.3.2 Silver Stain Detection
and Interpretation of the Results

28.3.2.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

* 40% Acrylamide-bis acrylamide (19:1) solution®
(Sigma)
*  10% Ammonium Persulfate (Sigma) in H,O

1“See Footnote 12.

"Toxic and carcinogenic. Avoid contact with eyes and skin.
Avoid breathing fumes.

e TEMED (N,N,N’,N”-Tetramethylethylenediamine)
(Sigma)

e TBE buffer, 10X (1 M Tris-HCI, 1 M Boric Acid,
20 mM EDTA, pH 8.3)

e 100 bp marker ladder (Amersham 27400701)

e 10% Ethanol in H,O. Prepare at the moment

* 1% Nitric Acid in H,O. Prepare at the moment.
Keep in the dark

e 12 mM Silver Nitrate (Sigma) in H,O. Prepare at
the moment. Keep in the dark

* 0.28 M Sodium carbonate anhydrous in H,0.
Prepare at the moment

* Formalin (Sigma 47629). Prepare at the moment.
Keep in the dark

* 10% Acetic acid in H,0. Prepare at the moment

28.3.3 Equipment

* Adjustable pipettes, range: 2-20 pl, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e Electrophoresis unit for acrylamide gel, sequencing
size

e Polyethylene tray, acid resistant

o White light transilluminator

28.3.4 Method

28.3.4.1 Silver Stain Detection

Perform all the steps in a different room from the one
dedicated to DNA extraction or amplification. Wear
gloves. Glass plates should be at least 30 cm long;
spacers and combs should be 0.8—1 mm thick.

e Prepare 100 ml 8% acrylamide gel by mixing 10 ml
of 10X TBE buffer, 20 ml of Acrylamide-bis acryl-
amide 40% solution, 69.5 ml of distilled H,0, 500 pl
of 10% Ammonium Persulfate, and 60 ul of TEMED.
Allow polymerization to occur for at least 1 h.

e Mix the MSA-PCR amplification product'® with
2 pl of 6x loading buffer; add 1X TBE to a final

1“The choice of amplification product volume (usually 1-5 pl)
relies on band signal intensity at visual inspection of the
agarose gel.
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Fig.28.1 MSA of (a) BAT25 mononucle- Ny Ty No Ts N4 Ty N, T,
otide and (b) D5S346 dinucleotide markers . b

visualized by silver nitrate staining. N, and
T1 are, respectively, the normal and tumour
counterpart of an MSS sample, N, and T,
are the normal and tumour counterpart of
an MSI sample. The MSS sample features
equal-sized allele bands. The T, MSI
sample shows a single prominent allele
band, lower than its normal counterpart in
the mononucleotide marker, and shows
additional, different-sized bands in the
dinucleotide marker

volume of 12 pl. Flush the wells of the gel with 1X
TBE before loading the samples. Normal and
tumour samples from the same patient should be
loaded in contiguous lanes to facilitate comparison.
Include the 100 bp marker ladder.

e Perform the electrophoretic run in 1X TBE at 250 V
constant for 16 h (overnight) at RT. Xylene cyanol
should be at the bottom of the gel."”

e Carefully transfer the gel from the glass plates to
the polyethylene tray.

e Perform the fixation in 10% ethanol for 10'.

* Wash the gel twice in demineralized H,O.

e Perform the oxidation with 1% nitric acid for 3—4
min under shaking.

* Wash the gel twice in demineralized H,0.

e Leave the gel in 12 mM silver nitrate for 20'.

* Wash the gel twice in demineralized H,0

e Perform the reduction with 0.28 M Sodium carbon-
ate containing 0.05% (v/v) formalin solution until
the appearance of the bands.

* Remove the reducing solution; block the reduction
with 10% acetic acid for 2'.

7As impedance may vary according to elecrophoretic system,
buffer volume, etc., voltage and run time should be adapted.

Wash the gel twice in demineralized H,O.
Transfer the gel over the white light transilluminator
for inspection.

28.3.4.2 Interpretation of the Results

Microsatellite alleles might show very complex band
patterns after PAGE separation and silver staining.
In fact, artifactual fragments larger than true alleles
are usually detected in nondenaturing conditions. This
may be due to the Taq polymerase slippage during
PCR, to recombination of heteroduplex amplicons, or
to secondary DNA structures, etc. [33]. This can make
allele sizing sometimes cumbersome.

First microsatellite panel: a sample is scored as MSS
if the allele bands are at the same height in both normal
and tumour tissue. A sample is scored as MSI if the
tumour tissue presents extra bands, or a shift in band
height, with respect to normal tissue (Fig. 28.1). If a
sample shows MSI in two or more of the five markers,
it is considered MSI-H. If only one marker tests unsta-
ble, the second microsatellite panel is tested.

Second microsatellite panel: a sample is scored as
MSI-L if no microsatellite marker shows instability
or only 1 marker from this panel tests unstable. A
sample is scored as MSI-H if it shows instability in
two or more markers from this panel [17].
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28.3.4.3 Troubleshooting

* One or more markers from the first panel fails to
amplify: if the sample tests unstable in two or more
loci, it is considered MSI-H, regardless of PCR fail-
ure [17]. If only one marker or no marker shows
instability, repeat amplification performing five more
cycles and/or using a different quantity of DNA. Run
sample in duplicate/triplicate. If only one of two/three
replicas amplifies, stochastic amplification is sus-
pected and results should be cautiously evaluated.

* Band pattern of one or more markers is smeared and
uninterpretable because of too intense silver staining:
adjust the quantity of amplified product to be used.

* Band pattern of one or more markers is smeared
and uninterpretable, but silver staining is normal:
poor DNA quality and/or too many PCR cycles.
Same as point 1.

* (Rare) Normal sample bands are of unexpected size
(out of allele range): this may be due to PCR carry-
over contamination from an MSI sample.

¢ (Rare) Both normal and tumour tissues show the
same band pattern, but of unexpected size (out of
allele range): poor microdissection of the normal
sample before DNA extraction could be the cause.

28.4 MSA: DHPLC Method

Microsatellite marker amplifications are performed as
multiplex PCR reactions on DNA from tumour tissue.
In accordance with the revised recommendations by
the NCI, [20] the validated, five mononucleotide mic-
rosatellite markers are tested [25, 26].

Table 28.4 MSA primers for DHPLC analysis

PCR products are separated on a DHPLC column
and visualized by means of UV detection.

28.4.1 PCR Reaction

28.4.1.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

* 10X PCR HotMaster™ Buffer with 25 mM MgCI,
(5 Prime GmbH)

e Commercial 25 mM stock solution of each dNTP
(Applied Biosystems): dilute the dNTP stock solu-
tion to prepare 2.5 mM solution of each dNTP in
sterile water

e Primers: lyophilized primers should be dissolved in
a small volume of distilled water or 10 mM Tris pH
8 to make a concentrated stock solution. Prepare
small aliquots of working solutions containing
5 pmol/ul to avoid repeated thawing and freezing.
Store all primer solutions at —20°C. See Table 28.4
for primer details

* HotMaster™ DNA Taq polymerase (5 Prime
GmbH), 5 U/ul

28.4.1.2 Equipment

* Adjustable pipette; range: 2-20 pl, 20-200 pl,
100-1,000 pl
*  Nuclease-free aerosol-resistant pipette tips

Marker name Genomic position Sequence (5'-3") Size (bp)

BAT 26 2p16.3-2p16.3 F: CTGCGGTAATCAAGTTTTTAG 60.1 183
R: AACCATTCAACATTTTTAACCC 63.1

BAT25 4q12-4ql2 F: TACCAGGTGGCAAAGGGCA 63.1 153
R: TCTGCATTTTAACTATGGCTC 59.8

NR 24 2q11.2-2q11.2 F: GCTGAATTTTACCTCCTGAC 58.1 131
R: ATTGTGCCATTGCATTCCAA 66.0

NR 21 14q11.2-14q11.2 F: GAGTCGCTGGCACAGTTCTA 62.4 109
R: CTGGTCACTCGCGTTTACAA 63.5

NR 27 11922-11g22 F: AACCATGCTTGCAAACCACT 64.5 87
R: CGATAATACTAGCAATGACC 54.4

F forward primer, R reverse primer
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e 0.2 and 1.5 ml nuclease-free microtubes

e Sterile laminar flow hood

e Tabletop refrigerated centrifuge suitable for cen-
trifugation of 0.2 ml tubes

e Thermal cycler

e Electrophoresis unit for agarose gel

e UV transillumination unit

28.4.2 Method

Operate in sterile laminar flowhood. Prepare a multi-
plex master mix for five microsatellite markers.

* PCR is performed in a final volume of 20 pul,
containing:
— 4 pl 10X PCR HotMasterTM
Buffer........ccooevvevinieniniine 2 X final
— 2.4 Wl ANTP, 2.5 mM each...... 0.3 mM final
— 0.4 ul BAT 26 forward primer,

S pmOl/pl.cececiiiiiiiciicieee, 0.1 pmol/pl final
— 0.4 ul BAT 26 reverse primer,
S pmOol/pl.c.ceiiiiiiiiiieeee 0.1 pmol/pl final
— 0.4 ul BAT 25 forward primer,
Spmol/pl....ccciiiiiiiiiciee. 0.1 pmol/ul final
— 0.4 pl BAT 25 reverse primer,
Spmol/pl....coceicniiiiiciee 0.1 pmol/ul final
— 0.4 puI NR 24 forward primer,
SpmOl/pl.ceciiiiiiieine, 0.1 pmol/pl final
— 0.4 ul NR 24 reverse primer,
Spmol/pl.ceciiiiiiiinne, 0.1 pmol/ul final
— 0.4 ul NR 21 forward primer,
Spmol/pl.ccciiiniiiiiiiiene, 0.1 pmol/pl final
— 0.4 pl NR 21 reverse primer,
S pmOl/pl.c.ceiiiiiiiicicieee 0.1 pmol/pl final
— 0.4 uI NR 27 forward primer,
Spmol/pl....cciiiiiiiiciee, 0.1 pmol/ul final
— 0.4 pI NR 27 reverse primer,
Spmol/pl....coceiceiiiicieiee. 0.1 pmol/ul final
— 0.6 pl HotMasterTM DNA Taq polymerase,
SU/MLciiiiiiiiiiiiice 0.15 U/pl final
— 3 plof 10 ng/ul DNA sample
- or

— 1 pl of undiluted negative control
— 1 pl of positive control for amplification.
- H,O to volume
e Thermal cycling: 94°C 2" +35 x (94°C 20", 55°C
10", 65°C 30")+65°C 7'.

* Gel visualization: mix 10 pl of PCR product with
2 ul of 6x loading buffer's; load on a 2% agarose gel
prepared with TBE 1x, containing 0.5 pg/ml ethid-
ium bromide. Include a 100 bp marker ladder (e.g.,
Amersham 27400701). Run at 80 V constant until
bromophenol blue reaches 1/2 of the gel. Inspect
under a UV source. Five bands should be visible in
the sample and in the positive control lanes.

28.4.3 DHPLC Detection
and Interpretation

28.4.3.1 Reagents

* Buffer A(0.1 MTEAA solution) (e.g., Transgenomic
Inc., Omaha, NE, USA)

* Buffer B (0.1 M TEAA containing 25% acetonitrile
solution) (e.g., Transgenomic)

e Solution D (75% acetonitrile solution) (e.g.,
Transgenomic)

o Syringe wash solution (4% acetonitrile solution)
(e.g., Transgenomic)

28.4.3.2 Equipment

e Adjustable pipettes, range :
100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

* WAVE system (e.g., Transgenomic)

* DNASep cartridge (e.g., Transgenomic)

o WAVEMAKER™ software (e.g., Transgenomic)

2-20 ul, 20-200 pl,

28.4.3.3 Method
DHPLC Detection

PCR products are automatically injected into
DNASep cartridge (Transgenomic Inc., Omaha, NE,
USA) by WAVE system and eluted at a flow rate of
0.9 ml/min through a linear gradient of acetonitrile
containing 0.1 M triethylammonium acetate (TEAA).

18See Footnote 12.
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Elution gradient of Buffer A (0.1 M TEAA solution)
and Buffer B (0.1 M TEAA containing 25% ace-
tonitrile solution) is automatically adjusted using
WAVEMAKER™  software (Transgenomic Inc.,
Omaha, NE, USA). Oven temperature is set to 50°C
as recommended for double-stranded DNA sizing.
Run is performed using multiple fragments double-
stranded DNA sizing application, which allows
simultaneous analysis of five microsatellites. Gradient
conditions are set for elution of 100 base-pair prod-
ucts in 4.5 min. The sizes of the largest and the small-
est PCR product are set at 77 and 189 bp, respectively.
UV detection of DNA fragments eluted from the col-
umn is performed at 260 nm wavelength.

Interpretation of the Results

DHPLC elution profile of each sample contains five
peaks representing five microsatellite markers sepa-
rated according to the size of the PCR products
(Fig. 28.2a). Microsatellite instability is detected by
the presence of different-sized alleles and is visible as
additional peaks in the vicinity of the peak represent-
ing normal-sized alleles (Fig. 28.2b). When additional
peaks are present in at least three of five tested micro-
satellite markers, the sample is scored as MSI-high,

when additional peaks are present in less than three
markers the sample is scored as MSI-low, and when at
five markers no additional peaks are detected, the sam-
ple is classified as MSS.

28.4.3.4 Troubleshooting

* Less than five peaks are visible on elution profile
after separation:

— This usually occurs due to inappropriate elution
gradient of buffers, which causes too fast elu-
tion of the shortest fragment from the column.
To solve this problem, it is necessary to adjust
the elution gradient of buffers A and B by
WAVEMAKER™ software;

— Multiplex PCR failed to amplify all five frag-
ments. Solution: optimize PCR conditions.

* The signal is too low:

— Low quality of PCR products. Solution: increase
the injection time of the sample;

— DNASep cartridge is dirty. Solution: perform
clean procedures according to the manufactur-
er’s protocol; if the detection is not improved,
change cartridge;

— The power of the UV lamp is too low. Solution:
change the UV lamp.
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Fig.28.2 Microsatellite instability evaluated by DHPLC elu-
tion profile of the five MSI markers separated according to
the size of the PCR products. (a) DHPLC elution profile of a

normal-sized allele; (b) Allele with microsatellite instability
that is visible as the presence of additional peaks (arrows) in
proximity to the peaks representing normal-sized alleles
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28.5 MSA: Capillary Electrophoresis
Method

Microsatellite marker amplifications are performed as
multiplex PCR reactions on DNA from tumour tissue.
In accordance with the revised recommendations by
the NCI, [20] the validated, five mononucleotide mic-
rosatellite markers are tested.

PCR products are separated by capillary electro-
phoresis and visualized by means of fluorescent laser
detection.

28.5.1 PCR Reaction

28.5.1.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

e 10X PCR HotMaster™ Buffer with 25 mM MgCl,

e Commercial 25 mM stock solution of each dNTP
(Applied Biosystems): dilute the dNTP stock solu-
tion to prepare 2.5 mM solution of each dNTP in
sterile water

e Primers: Lyophilized primers should be dissolved
in a small volume of distilled water or 10 mM Tris
pH 8 to make a concentrated stock solution. Prepare
small aliquots of working solutions containing
5 pmol/ul to avoid repeated thawing and freezing.
Store all primer solutions at —20°C (Table 28.5).

e HotMaster™ DNA Taq polymerase (5 Prime
GmbH), 5 U/ul

Table 28.5 MSA primers for capillary electrophoresis analysis

Marker name

Genomic position

Sequence (5'-3")

28.5.1.2 Equipment

* Adjustable pipettes; range: 2-20 ul, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e 0.2 and 1.5 ml nuclease-free microtubes

o Sterile laminar flow hood

o Tabletop refrigerated centrifuge suitable for cen-
trifugation of 0.2 ml tubes

e Thermal cycler

e Electrophoresis unit for agarose gel

* UV transillumination unit

28.5.1.3 Method

Amplifications and gel visualization are performed in
the same way as in section 28.4.2.

28.5.2 Capillary Electrophoresis
Detection

28.5.2.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

* Hi-Di™ formamide (Applied Biosystems)

e Performance Optimized Polymer 4™ (POP4)
(Applied Biosystems)

e EDTA Buffer (10X) (Applied Biosystems)

e GenScan™-500 Rox™ Size Standard (Applied
Biosystems)

Size (bp)

BAT 26 2p16.3-2p16.3 F: FAM-CTGCGGTAATCAAGTTTTTAG 60.1 183
R: AACCATTCAACATTTTTAACCC 63.1

BAT25 4ql12-4q12 F: HEX-TACCAGGTGGCAAAGGGCA 63.1 153
R: TCTGCATTTTAACTATGGCTC 59.8

NR 24 2ql11.2-2q11.2 F: NED-GCTGAATTTTACCTCCTGAC 58.1 131
R: ATTGTGCCATTGCATTCCAA 66.0

NR 21 14q11.2-14q11.2 F: FAM-GAGTCGCTGGCACAGTTCTA 62.4 109
R: CTGGTCACTCGCGTTTACAA 63.5

NR 27 11q22-11g22 F: HEX-AACCATGCTTGCAAACCACT 64.5 87
R: CGATAATACTAGCAATGACC 54.4

F forward primer, R reverse primer
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28.5.2.2 Equipment

* Adjustable pipettes; range: 2-20 ul, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

* ABI PRISM 310 Genetic Analyzer (Applied Bio-
systems)

e Capillaries (5—47 cm x 50 um) (Applied Bio-
systems)

o GeneScan™ Software (Applied Biosystems)

28.5.2.3 Method
Capillary Electrophoresis Detection

After multiplex amplification of five microsatellite
markers with fluorescently labeled primers, the sam-
ples are diluted in double distilled water at the ratio
of 1:15. 3 pl of diluted PCR product is mixed with
8 ul Hi-Di™ formamide and 0.3 pl GenScan™-500
Rox™ Size Standard. The mixture is heated for 2 min
at 95°C and placed on ice until ready to be placed in
the instrument. The samples are placed in ABI PRISM
310 Genetic Analyzer and automatically analyzed.
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The detection is performed by the laser excitation of
fluorescent labels attached to PCR products.

Interpretation of the Results

Analysis of raw data is performed with GeneScan™
Software using Dye filter set D. The obtained electro-
pherograms show five peaks representing five micro-
satellite markers separated according to the size of the
PCR products. Microsatellite instability is detected by
the presence of different-sized alleles and is visible as
additional peaks in the vicinity of the peak represent-
ing normal-sized alleles (Fig. 28.3). Evaluation of MSI
status is the same as in the case of DHPLC.

28.5.2.4 Troubleshooting

* The detected signal is too low to evaluate the results.
Solution: increase the injection time or decrease the
dilution of the PCR products.

* The detected signals go off-scale. Solution: decrease
the injection time or increase the dilution of the
PCR products.
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Fig. 28.3 Analysis of the five microsatellite markers with GeneScan Software. Microsatellite instability is detected by the presence
of different-sized alleles and is visible as additional peaks in the vicinity of the peak representing normal-sized alleles
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Less than five peaks are visible on electrophero-
gram after separation:

— Multiplex PCR failed to amplify all five frag-
ments. Solution: optimize PCR conditions

— Fragments reach the detector outside the detec-
tion time. Solution: adjust the detection time.
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29.1 Introduction and Purpose

Cancer cells often show losses, gains, or rearrangements
of chromosomes, and most often the loss of genetic
material involves loci harbouring tumour suppressor
genes (TSGs) [1]. Many techniques have been developed
over time to assess gains and losses of genetic mate-
rial. Among these, Fluorescence In Situ Hybridization
(FISH), Comparative Genomic Hybridization (CGH),
and Multiplex Ligation-dependent Probe Amplification
(MLPA) can now be consistently used also in formalin-
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29.4.1 PCR R.eaction....... ............................... - 175 Because of their wide distribution and polymorphic
29.4.2 Detection by Capillary Electrophoresis . . . . .
and Interpretation of Results..........c.ccocovenenenennnnne 176 length in a given population, microsatellite sequences

(MS) are suitable as markers of deletion at specific chro-
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mosomal loci. In fact, the loss of one marker allele but
the retention of the other one, the so-called loss of
heterozygosity (LOH), is rather frequent because in both
sporadic and inherited cancers, the other hit is usually a
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to minimize the number of uninformative cases where
the constitutional DNA is homozygous for the marker.
Microsatellite markers can be chosen consistently with
the requirements above by referring to suitable web
resources.” In order to get more reliable results, tri- and
tetranucleotide repeats are preferred to dinucleotide
repeats as the latter are peculiarly prone to replication
slippage during PCR amplification. Since the major
problem with FFPE tissues is the extent of degradation of
the extracted nucleic acids, it is important to design prim-
ers that produce a PCR product shorter than 200-250 bp
[8]. Moreover, it is preferable to avoid the choice of
markers in which the larger and the smaller allele are too
different in size. This strategy is used to avoid the prefer-
ential amplification of the shorter allele, which could be
interpreted as a deletion of the larger one [9, 10].

This protocol offers a method for LOH assessment
in DNA obtained from FFPE samples by providing a
standard workflow for PCR amplification and detec-
tion of PCR products. Since DNA from FFPE could be
quite variable in quality, a control PCR for the assess-
ment of amplifiability and integrity of sample DNA is
also suggested. Herein two technical approaches to
LOH analysis are proposed:

* A basic method involving singleplex amplification
of two microsatellite markers mapping at the 9p21
locus (CDKN2A) and subsequent poliacrylamide
gel electrophoresis (PAGE) run and silver stain
detection of PCR products;

* A singleplex PCR amplification of the same two
markers coupled with capillary electrophoresis anal-
ysis of PCR products.

29.2 DNA Extraction from FFPE for LOH
Analysis

Total DNA can be extracted following the protocol
described in microsatellite instability analysis.

’Genomic position of the marker can be retrieved from the NCBI
GenBank database at http://www.ncbi.nlm.nih.gov/nucleotide/
(Accessed 31 March 2010). Heterozygosity and allele
frequencies can be retrieved from the CEPH database at http://
www.cephb.fr/en/cephdb/browser.php (Accessed 31 March
2010).

29.2.1 Precautions

For LOH analysis, DNA from both the tumoral and
normal tissue of the same patient is required. If both
normal and tumour tissues are present in the same
paraffin block, microdissection is necessary. Since
LOH can be missed because of contamination from
normal tissue, a minimal tumour fraction of at least
70% is suggested [11]. To this purpose, manual micro-
dissection by exclusion [12] or laser capture micro-
dissection should be the methods of choice (see
Chaps. 4 and 6).

29.3 LOH Analysis: Basic Method

Microsatellite markers amplifications are performed as
singleplex PCR. PCR products are then separated on
an acrylamide gel, visualized by means of silver stain-
ing, and quantified by the use of a gel imaging system.
Herein a method for the detection of LOH at the 9p21
locus (CDKN2A) [13] is described. Genetic alterations
involving the 9p21 region are common in human can-
cers, and LOH assessment of this locus may be rele-
vant for prognosis in lung adenocarcinoma and head
and neck cancer patients [14].

29.3.1 PCR Amplification

29.3.1.1 Reagents

e 10X PCR buffer with MgCl,: We report the standard
composition of PCR buffer: 15 mM MgCl,, 500 mM
KCl, 100 mM Tris pH 8.3 at 25°C

e dNTPs stock solution pH 8, 100 mM each (e.g.,
Amersham): Dilute the dNTP stock solution to pre-
pare 10 mM solution of each dNTP in sterile water

e Primers: Lyophilized primers should be dissolved
in a small volume of distilled water or 10 mM Tris
pH 8 to make a concentrated stock solution. Prepare
small aliquots of working solutions containing
30 pmol/ul to avoid repeated thawing and freezing.
Store all primer solutions at —20°C (see Table 29.1)

*  AmpliTaq Gold (e.g., Applied Biosystems, N8080247),
5U/Mul
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Table 29.1 LOH primers*

Marker name Genomic position Sequence 5'-3' Range(bp) Het.

IFNA 9p22 F: TGCGCGTTAAGTTAATTGGTT 61.7 138-150 0.72
R: GTAAGGTGGAAACCCCCACT 62.3

DI9S171 9p21 F: AGCTAAGTGAACCTCATCTCTGTCT 61.2 159-177 0.80
R: ACCCTAGCACTGATGGTATAGTCT 59.5

“Purchased from Sigma, lyophilized. Resuspended at 300 pmol/ul in 10 mM Tris pH 8.

*Heterozygosity, see footnote 1
F forward primer, R reverse primer

e Negative control for LOH PCR amplification: see
footnote 4 in Chap. 28

* Positive control for LOH PCR amplifications: DNA
from normal human lymphocytes, 50 ng/pl?

29.3.1.2 Equipment

e Adjustable pipettes; range: 2-20 ul, 20-200 pl,
100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

* 0.2 and 1.5 ml nuclease-free microtubes

e Sterile laminar flow hood

o Tabletop refrigerated centrifuge suitable for centrif-
ugation of 0.2 ml tubes

e Thermal cycler

e Electrophoresis unit for agarose gel

o UV transillumination unit

29.3.1.3 Method

Operate in a sterile laminar flow hood. Prepare a
different master mix for each microsatellite marker
(singleplex). PCR is performed in a final volume of
50 ul, containing:

e 5 ul 10X PCR Buffer.................... 1X final
e 1 uldNTP 10 mM each................ 0.2 mM final
e 0.5 pl forward primer,
30 pmol/pl...eceiiiiiiieieeee 0.3 pmol/pl final
e (.5 ul reverse primer,
30 pmOL/UL .. 0.3 pmol/pl final

e 0.25 pl AmpliTaq Gold, 5 U/pl.... 0.025 U/ul final

3The use of a high-quality DNA, e.g., a DNA extracted from a
cell line, is recommended.

1 ul of diluted sample DNA

or

e 1 pl of undiluted negative control or

e 1 pl of positive control for amplification.

* H,O to volume

— Opverlay reaction mixture with 20 pl of mineral oil.

— Thermal cycling: 94°C 10'+5 x (94°C 60",
55°C 60", 72°C 60")+40 x (94°C 30", 55°C
30" 72°C 30")+72°C5'.

— Gel visualization: mix 10 pl of PCR product with
2 ul of 6x loading buffer*; load on a 2% agarose
gel prepared with TBE 1x, containing 0.5pg/ml
ethidium bromide.’ Include a 100 bp marker lad-
der (e.g., Amersham 27400701). Run at 80 V
constant until bromophenol blue reaches 1/2 of
the gel. Inspect under a UV source. A single
band should be visible in the sample and in the
positive control lanes.

29.3.2 Silver Stain Detection
and Interpretation of the Results

29.3.2.1 Silver Stain Detection

The same reagents and equipment described in micro-
satellite instability analysis can be used (see Chap. 28).
The white light transilluminator should be coupled
with a gel imaging system (e.g., Bio-Rad Versadoc).
Band staining is quantified by means of an optical

‘6x loading buffer: 0.25% bromophenol blue, 0.25% xylene
cyanol, 30% glycerol in H,0.

Ethidium bromide is a potentially carcinogenic compound.
Always wear gloves. Used EtBr solutions must be collected in
containers for chemical waste and discharged according to the
local hazardous chemical disposal procedures.
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density (O.D.) reader. Image acquisition and analysis
should be performed according to the manifacturer’s
instructions.

29.3.2.2 Interpretation

We score an allele as lost if its band signal is reduced
by atleast 50% with respect to the other allele (Fig. 29.1)
[15]. Microsatellite alleles might show very complex
band patterns after PAGE separation and silver stain-
ing. Polymerase slippage during elongation generates,
in addition to the main allele, products referred to as
shadow-bands [16, 17]. Sometimes this can make the
identification of the true allele cumbersome.

29.3.3 Considerations and Pitfalls

The complete loss of an allele is rarely found in LOH
studies, because of contaminating normal tissue and/or
genetic heterogeneity within the tumour. Furthermore,
preferential amplification of shorter alleles may occur.
For these reasons, LOH should be considered on a
quantitative basis as a comparison between allelic

TU N

Fig. 29.1 Visualization of a
representative case with LOH in a
silver-stained polyacrylamide gel.
An allele is scored as lost if its
band signal is reduced by at least
50% with respect to the other allele
(N normal tissue, TU tumour
sample)

ratios in neoplastic tissue and in normal control (allelic
imbalance, A.L) [15].

AL= O.D. tumor allele 1/0.D. tumor allele 2 (20.2)

O.D. normal allele 1/0.D. normal allele 2

When this ratio gives a value higher than one, A.L is
set in an inverted form. A.I. ranges from O to 1, indicat-
ing a condition from total loss to retained heterozygosity,
respectively [11].

Quantification of nucleic acids by means of silver
stain should be cautiously evaluated, particularly
regarding stain saturation which could result in overes-
timation of weaker bands. For this reason, [o.-*?P] dCTP
labeling of nucleic acids or primer coupling with fluo-
rochromes in a genescan setting should be preferred for
the quantitative analysis of PCR products. Moreover,
thanks to the greater sensitivity of the two latter meth-
ods with respect to silver staining, PCR amplification
can be performed using a minor number of cycles. This
allows an easier interpretation of band pattern, as inten-
sity of the shadow or stutter bands decreases by reduc-
ing the numbers of PCR cycles [16].

29.3.3.1 Troubleshooting

One or both microsatellite markers fail to amplify:
repeat amplification using a different quantity of DNA.
Perform the amplification of a control gene (e.g.,
[B-globin, see the protocol for Microsatellite Instability)
to check the amplifiability of the sample DNA and to
establish the optimal quantity for amplification. Repeat
LOH analysis running the sample in duplicate/tripli-
cate. If only one of two/three replicas amplifies, sto-
chastic amplification is suspected and results should be
cautiously evaluated. If no replica amplifies, a homozy-
gous deletion of the entire locus can be suspected.

29.4 LOH Analysis: Capillary
Electrophoresis Method

Generally, LOH analysis should be performed by
methods allowing quantification of both size and extent
of amplification products. Fluorescence-based PCR
analyzed by capillary electrophoresis optimally fulfills
these criteria. The same reagents and equipment
described in microsatellite instability analysis with
capillary electrophoresis can be used.
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Table 29.2 LOH primers

Marker name Genomic position Sequence Range(bp)

IFNA 9p22 F: HEX-TGCGCGTTAAGTTAATTGGTT 61.7 138-150 0.72
R: GTAAGGTGGAAACCCCCACT 62.3

D9S171 9p21 F: FAM-AGCTAAGTGAACCTCATCTCTGTCT 61.2 159-177 0.80
R: ACCCTAGCACTGATGGTATAGTCT 59.5

“Heterozygosity, see footnote 1
F forward primer, R reverse primer

29.4.1 PCR Reaction

29.4.1.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used

* 10X PCR HotMaster™ Buffer with 25 mM MgCI,
(5 Prime GmbH)

e Commercial 25 mM stock solution of each dNTP
(Applied Biosystems): dilute the dNTP stock solu-
tion to prepare 2.5 mM solution of each dNTP in
sterile water.

e Primers: Lyophilized primers should be dissolved in
a small volume of distilled water or 10 mM Tris pH
8 to make a concentrated stock solution. Prepare
small aliquots of working solutions containing
5 pmol/ul to avoid repeated thawing and freezing.
Store all primer solutions at —20°C (see Table 29.2).

e HotMaster™ DNA Tag polymerase (5 Prime GmbH),
50/l

* Negative control for LOH PCR amplification: see
footnote 4 in Chap. 28.

 Positive control for LOH PCR amplifications: DNA
from normal human lymphocytes, 50 ng/ul.®

29.4.1.2 Equipment

* Adjustable pipettes: range: 2-20 pl, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e 0.2 and 1.5 ml nuclease-free microtubes

e Sterile laminar flow hood

e Tabletop refrigerated centrifuge suitable for cen-
trifugation of 0.2 ml tubes

e Thermal cycler

The use of a high-quality DNA, e.g., a DNA extracted from a
cell line or blood (see Chap. 10), is recommended.

e Electrophoresis unit for agarose gel
o UV transillumination unit

29.4.1.3 Method

Operate in a sterile laminar flow hood. Prepare a
singleplex master mix for each microsatellite marker.

¢ PCR is performed in a final volume of 20 pul,

containing:
— 4 ul 10X PCR HotMaster™
Buffer.......coooovviiiiiiiin 2X final
— 2.4 Wl ANTP 2.5 mM each,...... 3 mM final
— 0.4 pl Forward primer,
SPMOI/I, e 0.1 pmol/ul final
— 0.4 pl Reverse primer,
Spmol/pl i 0.1 pmol/ul final
— 0.6 pl HotMasterTM DNA
Taq polymerase 5 U/pl ............ 0.15 U/pl final
— 3 ul of 10 ng/pl DNA sample
- or
— 1 pl of undiluted negative control-or
— 1 wl of positive control for amplification
- H,O to volume

e Thermal cycling: 94°C 2'+35 x (94°C 20", 55°C
10", 65°C 30")+65°C 7'.

e Gel visualization: Mix 10 pl of PCR product with
2 ul of 6x loading buffer’; load on a 2% agarose
gel prepared with TBE 1x, containing 0.5pg/ml
ethidium bromide. Include a 100 bp marker ladder
(e.g., Amersham 27400701). Run at 80 V constant
until bromophenol blue reaches 1/2 of the gel.
Inspect under a UV source. One band should be
visible in the sample and in the positive control
lanes.

See Footnote 4.
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29.4.2 Detection by Capillary
Electrophoresis and Interpretation
of Results

29.4.2.1 Detection by capillary electrophoresis

Reagents, equipment, default run conditions and sample
preparation are the same as in the case of microsatellite
instability analysis (see Chap. 28).

29.4.2.2 Interpretation

Raw data are analyzed by GeneScan™ software and
peak heights are obtained (Fig. 29.2). Loss of the
alleles can be precisely determined by calculating the
ratio of the peak heights of normal and tumour alleles
according to the following formula:

Peak height of normal allele 2 /
LOH = Peak height of normal allele 1

Peak height of tumour allele 2 /

Peak height of tumour allele 1

(29.3)

When this ratio gives a value higher than one, LOH
is defined as the reciprocal of the formula above.
LOH is strongly indicated by ratios less than 0.5.

Polymerase slippage during elongation generates
products referred to as stutter-peaks. Additional frag-
ments are one to four repeat units shorter than the
allele, and when the size of the two alleles differs by
one repeat unit, the stutter from the longer allele will
contribute significantly to the main peak of the short
allele. Such contribution from the stutter peak can be
corrected. The height of a stutter peak compared to its
main peak is calculated and then the main peak’s
height, as it would have been without contribution from
the neighboring allele’s stutter, can be estimated [18].

29.4.2.3 Troubleshooting

* The detected signal is too low to evaluate the results.
Solution: increase the injection time or decrease the
dilution of the PCR products.

e The detected signals go off-scale. Solution: decrease
the injection time or increase the dilution of the
PCR products.

* No peaks are visible on electropherogram after
separation:

— PCR failed to amplify microsatellite marker.
Solution: optimize PCR conditions

— Fragments reach the detector outside the detec-
tion time. Solution: adjust the detection time.

1,200
720 f \ f
o n\ﬁ .
270 A\ J \
o N \J v \x,—/\—/ VJ \/\‘muﬂ o
Normal allele 1 Normal allele 2
(height 1,170) (height 900)
1,890 +
|
1,280 A |
640 \
|

Tumour allele 1
(height 1,880)

Fig. 29.2 Graphical representation of LOH by GeneScan soft-
ware. LOH is calculated as the ratio between the allele ratios in
tumour and normal DNA. The peak heights are measured in
relative fluorescence units. In this example,

Tumour allele 2
(height 410)

LOH = (900/1,170) /(410 /1,880) = 3.52 , but since the ratio is
greater than 1, the LOH value is set to be the inverse. LOH=0.28
is showing a reduction of one allele’s intensity, from normal to
tumour DNA, by 72% relative to the other allele
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methylated or unmethylated alleles before chemical
conversion. However, since methylation-specific prim-
ers always contain cytosines of a CpG site and do not
contain cytosines of non-CpG sites at the 3’ position,
they may anneal to unconverted or partially uncon-
verted sequences in the bisulfite-treated DNA. This
can result in a high rate of false positives especially
under mild BM conditions, which is often the case in
FFPE tissues [12]. This problem may be overcome by
means of a nested PCR design, using primers that do
not contain any CpG but only cytosines of non-CpG
sites at the 3" position in the first round of amplifica-
tion, so that only fully converted sequences can be
amplified. The second step uses the conventional MSP,
“diagnostic” primer sets.

Recently, a new approach for methylation
analysis has been introduced. Methylation-specific
multiplex ligation-dependent probe amplification
(MS-MLPA) technique is a rapid and easy method
that requires only 20 ng of DNA, eliminates the need
for bisulfite conversion, and is able to detect changes
in up to 40 selected sequences at a time. The dis-
crimination of aberrantly methylated CpG is per-
formed by methylation-specific restriction enzyme
Hhal, which cleaves unmethylated CpG island. The
method is based on probes that recognize target CpG
sequences. Each probe is made of two parts, one
short and one long, both containing a target recogni-
tion sequence and a universal primer sequence. In
addition, the long part contains a stuffer sequence,
which is of different length among used probes. After
hybridization and simultaneous ligation/digestion
reaction a multiplex PCR with universal fluorescently
labeled primers is performed. If CpG island is meth-
ylated, the restriction enzyme does not cleave the
sequence; therefore ligation of both parts of the probe
occurs. In the amplification step, a PCR product is
formed and can be detected. If CpG island is not
methylated, cleavage of target sequence occurs, all
subsequent reactions are blocked, and no PCR prod-
ucts are obtained after amplification. This method
detects short sequences (~65 bp) and requires low
amount of DNA, which is particularly suitable for
FFPE (Fig. 30.1) [13].

Herein is proposed a nested, BM-specific MSP
design for the qualitative detection of MGMT gene
promoter methylation and multilocus MS-MLPA

approach as a rapid, accurate, and simple alternative to
conventional methods.

The general frame of BM-specific MSP can be
applicable for the methylation assessment of virtually
any sequence of interest in the genome. The only
restraint could be given by the difficulty of designing
consistent primer pairs for BM sequences, especially
for those very rich in CpG. The method was previ-
ously validated on a case study of lung cancer patients
[14] and is currently in use in a laboratory of the
IMPACTS group in a diagnostic setting. Along with
this method, a protocol for the DNA extraction and
for the BM is suggested.

MS-MLPA can be used for detection of any CpG
site in the genome that contains Hhal restriction site.
Several probe mixes are commercially available; how-
ever, one can design probes that correspond to one’s
region of interest.

30.2 DNA Extraction from FFPE
for Methylation Analysis

This protocol can be used for DNA preparation both
for BM-specific MSP and MS-MLPA.

The following procedure is an adaptation of a
method previously published by researchers from one
institution of the IMPACTS group [15]. As protein
removal is essential for BM effectiveness [9, 10, 16],
the protocol involves an extensive Proteinase K diges-
tion followed by a phenol-chloroform extraction. The
time required for the whole procedure is 3 days.

30.2.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

* Xylene (Fluka or Sigma-Aldrich)

e 100% and 70% Methanol (Fluka or Sigma-Aldrich)

e Lysis stock solution 10x: 500 mM KCl, 150 mM
Tris-HCI, pH 8, 15 mM MgCl,, Tween 20 (Sigma)
1.5%
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Fig. 30.1 Scheme of methylation-specific multiplex ligation-
dependent probe amplification (MS-MLPA) technique. MS-MLPA
detects the presence of specific methylated sites in a single
stranded target nucleic acid and simultaneously the quantifica-
tion of the target nucleic acid sequence can be performed. The
method employs a plurality of probe sets of at least two probes,
each including a target-specific region (in green) and a noncom-
plementary region containing a primer binding site (in black).
The target-specific region of at least one of the probes also
includes the sequence of one of the strands of a double stranded

recognition site of a methylation-sensitive restriction enzyme.
The probes belonging to the same set are ligated together when
hybridized to the target nucleic acid sequence. The hybrid is then
subjected to digestion by the methylation-sensitive restriction
enzyme, resulting in nonmethylated recognition sites being
cleaved. The probes of the uncleaved (methylated) hybrid are
subsequently amplified by a suitable primer set and separated
by electrophoresis according to the length of stuffer sequences
(in blue)
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e Proteinase K (Sigma P2303) stock solution, 20 mg/
ml. Dissolve Proteinase K in 50% sterile glycerol'
in DNA-grade water. Store at —20°C

e Phenol, equilibrated with 10 mM Tris HCI, pH 8
(Sigma P4557)

e Chloroform (Sigma)

* DNA precipitating solution: 100% EtOH, 3 M
Sodium Acetate

* Glycogen (Sigma), diluted at 1 mg/ml in H,O and
used as precipitation carrier

e 70% Ethanol

e 10x TE buffer: 100 mM Tris HCI, pH 8, 10 mM
EDTA

30.2.2 Equipment

* Adjustable pipettes, range: 2-20 pl, 20-200 pl,
100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

e 1.5 ml nuclease-free autoclaved tubes

o Microtome, with new blades

e Chemical hood

e Tabletop refrigerated centrifuge suitable for cen-
trifugation of 1.5 ml tubes

e Thermomixer

e Spectrophotometer

30.2.3 Method

e Using a clean, sharp microtome blade,” cut five to
ten sections® of about 5 um thickness. Discard the
first section and displace the other ones in a clean
1.5 ml tube.*

IThe solubilization of proteinase K in 50% sterile glycerol avoids
the freezing effect at —20°C, maintaining an optimal enzymatic
activity.
’Clean the microtome with xylene. Cool the paraffin blocks
at —20°C or on dry ice in aluminum foil to obtain thin sections.

3The number of sections may vary, according to the tissue type
and quantity.

*Use some sections from a paraffin block without any tissue for
the negative controls.

e Add 1 ml of xylene,’ vortex for 10”, and then incu-
bate the tube at RT for approximately 5 min.6

e Spin the tube for 10 min at maximum speed
(14,000 rpm) in a microcentrifuge and then care-
fully remove and discard the supernatant.” Repeat
steps 2—3 with a fresh aliquot of xylene.

e Wash the pellet by adding 1 ml of 100% methanol.?®
Flick the tubes to dislodge the pellet and then vortex
the tubes for 10 s. Incubate at RT for approximately
5 min.

* Spin the tube for 10 min at maximum speed
(14,000 rpm) in a microcentrifuge and then care-
fully remove and discard the supernatant.

* Repeat steps 4-5 using first 100% methanol and
then 70% methanol

e After removing 70% methanol, allow the tissue
pellet to air dry at 37°C for 15-30 min.

e Complete the digestion solution by mixing 100 pl
of 10x Lysis solution, 100 ul of 10x TE, 50 ul of
20 mg/ml Proteinase K (final conc. 1 mg/ml), and
775 ul of sterile water/1 ml of final solution. Keep
in ice until use.

* Add 200-400 pl of complete digestion solution,
depending on the pellet size. Digestion buffer must
cover the tissue pellet completely. Pipette the
solution until the pellet is resuspended.

* Incubate for at least 24 h in a thermomixer at 55°C
shaking moderately.’

e Spin down the tubes to collect the condensate
from the lids before opening. Add one volume of
a 1:1 mixture of phenol-chloroform per volume of
digestion solution. Shake vigorously. Leave in ice
for 10'.

* Spin the tube for 10 min at maximum speed
(14,000 rpm) at 4°C in a tabletop refrigerated
microcentrifuge.

SWhen working with xylene, avoid breathing fumes; it is better
to perform the deparaffinization step under a chemical hood.

®Wear gloves when isolating and handling DNA to minimize the
activity of endogenous nucleases.

"Discard the supernatant using a I micropipette or a glass Pasteur
pipette. Disposal of chemicals should be done in keeping with
your laboratory safety rules.

$Methanol is toxic by inhalation. Work under a chemical hood.

A 48-h digestion might be beneficial to bisulfite modification
when contamination from melanin is expected. In such a case, a
further Proteinase K addition is advisable after 24 h.
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e Transfer the upper, aqueous phase to a new 1.5 ml
tube. Avoid touching the interphase disc that con-
tains most of the protein residues.

e Add 5 pl of 1 mg/ml Glycogen solution and three
volumes of DNA precipitating solution per volume
of recovered aqueous phase.

* Allow DNA precipitation overnight at —20°C.

e Spin the tube for 20 min at maximum speed
(14,000 rpm) at 4°C. A small pellet should form at
the bottom of the tube.

* Discard the supernatant. Do not touch the pellet.

* Add 100 pl of 70% ice-cold ethanol, without resus-
pending the pellet.

e Spin the tube for 5 min at maximum speed
(14,000 rpm) at 4°C.

e Discard the supernatant. Leave the pellet to air dry
at 37°C for almost 15-30 min.

* Resuspend the pellet in 22 pl of 1x TE buffer.

e Determine the DNA concentration spectrophotomet-
rically at 260 and 280 nm. The concentration of
dsDNA expressed in pg/ul is obtained as follows:
[DNA]=A, xdilutionfactorx 50x 10~*. Adsorbances
ratio between readings at 260 and 280 nm should be
>1.6, which is indicative of an acceptable level of
contamination from proteins (see Chap. 16).

e Store the DNA at —20°C until use.

30.2.4 Troubleshooting

e If no pellet or “smear” is visible on the tube wall
after precipitation, add another 5 pl of glycogen
solution and repeat overnight precipitation at
—20°C, then centrifuge.

30.3 Bisulfite Modification of DNA
from FFPE

This protocol provides a homemade method for DNA
modification suitable for subsequent BM-specific MSP
PCR analyses. Chemical conditions of modification
are relatively mild, in order to reduce the loss and
further degradation of DNA. Since this method is
suited to FFPE, it could not perform equally well with
DNA from culture cells or from body fluids. The time
required for the whole procedure is 2 days. Commercial
kits for BM of DNA from FFPE are also available,

such as the Zymo EZ DNA methylation kit (Zymo
Research), the EpiTect Bisulfite Kit (Qiagen) and the
MethylCode™ Bisulfite Conversion Kit (Invitrogen).

30.3.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

e 3 M NaOH solution

Sodium metabisulfite' (Sigma S1516). Moisture and
light sensitive; store in the dark and under vacuum

* Hydroquinone (Sigma H9003). Moisture and light
sensitive; store in the dark and under vacuum

*  Mineral oil (Sigma M5904)

e Binding solution'': 6 M Sodium Iodide, 1 mM
B-Mercaptoethanol in H,O.

* Herring sperm DNA (Sigma D7290)

o QIlAexII resin (Qiagen 20902)

*  Washing buffer: 50 mM NaCl; 10 mM Tris-HCI, pH
7.5; 2.5 mM EDTA; 50% Ethanol

e 100% and 70% Ethanol

* 5 M Ammonium acetate solution, pH 7.5

o | mM Tris-HCI buffer, pH 8

30.3.2 Equipment

* Heating block

* pH meter

* Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pul

*  Nuclease-free aerosol-resistant pipette tips

o Sterile glass Pasteur pipettes

e 15 or 50 ml sterile polypropylene tubes

e 1.5 ml nuclease-free autoclaved tubes

e Chemical hood

e Tabletop refrigerated centrifuge suitable for cen-
trifugation of 1.5 ml tubes

*  Thermomixer (Eppendorf)

1"We prefer metabisulfite to sodium bisulfite. The precise molarity
of the latter cannot be estimated as commercially available sodium
bisulfite is a mixture of sodium bisulfite and metabisulfite.

Store in the dark. This solution is stable for weeks at room
temperature. Discard if it turns yellow.
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30.3.3 Method

* In a sterile polypropylene tube, dissolve 3.8 g of
sodium metabisulfite in 8 ml. of sterile H,O. Bring
this solution to pH 5 by adding ~600 ul of freshly
made 3 M NaOH. Dissolve 0.22 g of hydroquinone in
10 ml of sterile H,0."> Add 50 pl of the dissolved hyd-
roquinone to the metabisulfite solution and bring to a
final volume of 10 ml with H,O. This results in a final
2 M metabisulfite, | mM hydroquinone solution.

* Dilute DNA from FFPE to 0.4 ug/ul in HO. In a
sterile 1.5 ml tube, add 5 ul of diluted DNA® (2 ug)
to 40 ul of H,O. Add 5 ul of 3 M NaOH (final 0.3 M).
Incubate at 42°C for 30 min in a heating block.

* Spin tubes briefly in a tabletop microcentrifuge to
collect droplets from lids/walls. Add 650 pl of the
metabisulfite-hydroquinone solution. At this point,
prepare one tube containing all of the above-men-
tioned solutions but without sample DNA, as nega-
tive control. Overlay the mixture with 150 pl of
mineral oil and incubate at 55°C for 4 h and 30’ in a
heating block. Keep in the dark.

* By means of a glass Pasteur pipette, collect mixture
from beneath the mineral oil and transfer it to a new
1.5 ml tube. Add 650 pul of binding solution, 2 pg of
herring sperm DNA™, and 5 pl of QIAexII resin.
Mix thoroughly. Incubate for 10 min at RT, invert-
ing tubes occasionally.

* Spin the tubes for 2 min at maximum speed
(14,000 rpm) in a tabletop microcentrifuge. Discard
the mixture, avoiding touching the resin pellet.

* Add 1 ml of the Washing buffer. Shake to resuspend
the resin.

* Spin the tubes for 2 min at maximum speed. Discard
the supernatant.

* Resuspend the resin pellet in 1 ml of 70% ethanol.

* Spin the tubes for 2 min at maximum speed. Repeat
ethanol washing.

* Leave the pellet to air dry for 5-10 min at 60°C.

2Sodium Metabisulfite and hydroquinone powders are harmful
by inhalation. Operate under a chemical hood. To dissolve
metabisulfite, shake under a warm water-spout.

Do not exceed this quantity, as the bisulfite amount is the
limiting factor if 1.5 ml tubes are used. If you use <I pg of
DNA, add Herring DNA (yeast RNA or tRNA from Sigma, cat.
R8508) to 2 ng final nucleic acid as a carrier during BM.

“Herring DNA is added at this point to enhance the binding of
small quantities of DNA to the resin.

* Resuspend the pellet in 40 pl of prewarmed Tris-
HCl buffer, pH 8, 1 mM. Incubate for 5 min at 60°C
in a thermo mixer, under shaking.

* Spin the tubes for 2 min at maximum speed. Transfer
35 ul of the supernatant to a new 1.5 ml tube.
Carefully avoid aspirating the resin. Always keep
the tubes with eluted DNA in ice.

e Repeat elution steps 11-12, resuspending the resin
pellet in 35 pl of Tris-HCI buffer. Collect the eluted
DNA in the same tube.

* Add to the eluted DNA (~70 pl), 7.8 pl of 3 M
NaOH (0.3 M fin.). Incubate at 37°C in a heating
block for 15 min.

* Centrifuge briefly. Neutralize the solution by add-
ing an equal volume (77.8 ul) of 5 M ammonium
acetate, pH 7.5.

* Add three volumes of absolute ethanol per volume
of neutralized solution (~470 ul). Allow the mix-
ture to precipitate overnight at —20°C.

e Spin the tube for 20 min at maximum speed
(14,000 rpm) at 4°C. A small pellet should be visi-
ble at the bottom of the tube.

* Discard the supernatant. Without touching the pellet,
add 100 pl of 70% ice-cold ethanol.

e Spin the tube for 5 min at maximum speed
(14,000 rpm) at 4°C.

» Discard the supernatant. Leave the pellet to air dry
at 37°C for almost 15 min.

* Resuspend the pellet in 40 ul of 1 mM Tris-HCI
buffer, pH 8. Store the DNA at —20°C until use.
Aliquotation is recommended.

30.3.4 Troubleshooting

e If no pellet or “smear” on the tube wall is visible
after DNA precipitation, add 10 ul of glycogen solu-
tion and repeat precipitation overnight at —20°C.

30.4 BM-Specific, Nested MSP for
Methylation Detection of the
MGMT Gene Promoter

We have developed a nested, two-stage PCR approach,
mainly based on previously published works [14, 17],
adapted to poor-quality, highly degraded DNA from
FFPE. The first round of amplification targets a rela-
tively short sequence (177 nucleotides) spanning the
promoter region and the first exon of MGMT gene



30 Qualitative Methylation Status Assessment

187

Table 30.1 Primer sequences

Sequence 5'-3'

Primer label Position at NT_008818.15
MGMT _nest_up 2499407-2499425
MGMT _nest_dw 2499565-2499584
MGMT_M_up 2499448-2499471
MGMT_M_dw 2499507-2499529
MGMT_U_up 2499442-2499471
MGMT_U_dw 2499507-2499535

F: GGATATGTTGGGATAGTT

F: AAATAAAAACCCCTACAAA
F: TTTCGACGTTCGTAGGTTTTCGC
F: GCACTCTTCCGAAAACGAAACG

F: TTTGTGTTTTGATGTTTGTAGGTTTTTGT
F: AACTCCACACTCTTCCAAAAACAAAACA

Purchased from Sigma, lyophilized. Resuspended at 300 pmol/pl in 10 mM Tris pH 8

nest nested, M methylated, U unmethylated

[18]. The primers recognize the bisulfite-modified
template but do not discriminate between methylated
and unmethylated alleles. The stage-1 PCR products
are then subjected to stage-2 PCR in which primers
specific to methylated or unmethylated template are
used [17]. Along with this method, a simple quality
control of BM, with a bisulfite conversion-specific
restriction analysis (BCORA) is suggested [12].

30.4.1 Reagents

* PCR buffer 10x with MgCl,: We report the standard
composition of PCR buffer: 15 mM MgCl,, 500 mM
KCl1, 100 mM Tris, pH 8.3 at 25°C

* 10x PCR buffer Il without MgCl, (Applied
Biosystems)

e 25 mM MgCl, solution (Applied Biosystems)

e Commercial 100 mM stock solutions of each ANTP
(pHS8) (Amersham): dilute the dNTP stock solu-
tions to prepare a 10 mM solution of each NTP in
sterile water

e Primers: Lyophilized primers should be dissolved
in a small volume of distilled water or 10 mM Tris,
pH 8 to make a concentrated stock solution. Prepare
small aliquots of working solutions containing
30 pmol/ul to avoid repeated thawing and freezing.
Store all primer solutions at —20°C. See Table 30.1

e Taq DNA Polymerase, (Amersham) 5 U/ul

* AmpliTag Gold (Applied Biosystems, N8080247),
5U/ul

30.4.2 Equipment

e Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pul
* Nuclease-free aerosol-resistant pipette tips

e 0.2 ml nuclease-free microtubes

» Sterile hood

o Tabletop refrigerated centrifuge suitable for cen-
trifugation of 0.2 ml tubes

e Thermal cycler

e Electrophoresis unit for agarose gel

e Electrophoresis unit for acrylamide gel

e UV transillumination unit

30.4.3 Controls

e Positive control for methylation: DNA from SW48
colon cancer cell line [16], bisulfite modified

e Negative control for methylation: DNA from nor-
mal human lymphocytes, bisulfite modified [16].

* No template control (NTC) for PCR reactions: see
step 3 in Sect. 30.3.3.

* Quality control for PCR: unmodified DNA from
normal human lymphocytes, 50 ng/ul."

30.4.4 Method

30.4.4.1 First Round of Amplification
(BM-Specific PCR)

Operate in a sterile hood.
e “Outer” PCR is performed in a final volume of
50 pl, containing:

— 5 ul 10X PCR Buffer.........cccccuce.... 1X final
— 1 pl dNTPs, 10 mM each.......... 0.2 mM final
— 0.5 pl primer MGMT _nest_up,
30 pmol/pl .o, 0.3 pmol/pl final

5This control can be performed only once, when the method is
settled.
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— 0.5 ul primer MGMT _nest_dw,

30 pmol/pl e, 0.3 pmol/ul final
— 0.25 pl Taq pol, 5 U/pl............ 0.025 U/ul final
— 5-10 pl of modified DNA!®
- or

— 5-10 pl of NTC-or

— 5 pl of the quality control for PCR-or

— The appropriate volume of positive and negative
controls for methylation.

- H,O to volume.

Overlay reaction mixture with 20 pl of mineral oil.

Thermal cycling:

94°C 4'+5 x (94°C 60", 52°C 60", 72°C 60")+45

x (94°C 30", 52°C 30", 72°C 30")+72°C 5’

Gel visualization: mix 10 pl of PCR product with 2 pl

of 6x loading buffer'’; load on a 8% acrylamide gel

approx. 10 cm. W x 10 cm. L.; include a 100 bp

marker ladder (e.g., Amersham 27400701). Run at

200 V constant until bromophenol blue reaches the

bottom of the gel. Stain the gel in 0.5 pg/ml ethidium

bromide. Inspect under a UV source. A single band

should be visible.

30.4.4.2 Second Round of Amplification (MSP)

Prepare two distinct master mixes: one containing

the primers for the methylated target, the other for

the unmethylated one:

— 5 ul 10X PCR BufferII .......... 1X final

— 3 ml 25 mM MgCl, solution, 1.5 mM final

— 1 pl ANTP, 10 mM each 0.2 mM final

- 0.5 wl primer MGMT_M/U_up, 30 pmol/ul
.......... 0.3 pmol/ul final

- 0.5 ul primer MGMT_M/U_dw, 30 pmol/ul
.......... 0.3 pmol/ul final

— 0.25 pul AmpliTaq Gold, 5 U/pl ........... 0.025 U/l
final

'°As residual resin may be present in DNA suspension, spin the

Quality control

Table 30.2 Expected results of the second round of amplification

MSP-M MSP-U

NTC No band

No band

No band No band

Methylated control ~ Single band, 81 bp  No band
Unmethylated No band Single band,
control 93 bp

tubes for 2" at 14,000 RPM before adding the DNA. Do not exceed

suggested volumes, as BM DNA may contain PCR inhibitors.

76x loading buffer: 0.25% bromophenol blue, 0.25% xylene

cyanol, 30% glycerol in H,0O.

'8The choice of the dilution relies on band signal intensity at
visual inspection. If no band is visible, use 5 ml of undiluted
PCR product. Prepare dilutions and PCR master mixes in
different rooms. Avoid moving equipment and disposables
from one room to the other.

5 pl of a 1:10-1:1,000 dilution of first-round

PCR product'®

- or

— 5 pl of NTC first-round PCR product-or

— 5 ul of the quality control first-round PCR
product

— 5 ul of a 1:10-1:1,000 dilution of positive and
negative controls of first-round PCR product

— H,O to volume

Overlay reaction mixture with 20 pl of mineral oil.

Thermal cycling:

95°C 10"+35 x (94°C 20", 62°C 15", 72°C 20").

Gel visualization: mix 10 pl of PCR product with

2 pl of 6% loading buffer'’; load on a 2.5% agarose

gel prepared with TBE 1x containing 0.5 pg/ml

ethidium bromide. Include a 100 bp marker ladder.

Run at 80 V constant until Bromophenol Blue

reaches 1/2 of gel length. Inspect under an UV

source. Expected results are reported in table 30.2.

30.4.5 Troubleshooting

e The sample apparently fails to yield a detectable

band after the first round of amplification. Use 5 pl

of PCR product in the second round anyway. If both

MSPs test negative, this may be due to:

— (most common) high degradation of sample
before BM. Solution: repeat DNA extraction or
run both BM and PCR in duplicate/triplicate
(in the latter case, if only one of two/three replicas
tests positive, stochastic amplification of extremely
low copies of the target is suspected and results
should be cautiously evaluated).

— Poor sample DNA purification (260/280 ratio
<1.6). Solution: repeat extraction, extending
Proteinase K digestion to 48 h.

19See Footnote 17
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— Presence of PCR inhibitors in DNA after BM.
Solution: repeat BM, or use <5 ul DNA in the
PCR.

e NTC or Quality control test positive: check for con-
tamination (usually amplicon carryover).

30.5 Quality Control After MSP

BCORA (bisulfite conversion-specific restriction anal-
ysis) allows a qualitative monitoring of conversion sta-
tus based on gain or loss of specific restriction sites
after BM [12]. Briefly, stage-2 PCR products are
digested with Hhal that has a recognition sequence
(GCG”C) which is present in unconverted DNA but is
lost if cytosines are fully converted during BM.
Thereafter, the conversion status by BM can be qualita-
tively monitored by visualization on gel of the digestion
products.

30.5.1 Reagents

* Hha I enzyme (20,000 U/ul) (New England Biolabs
#NEB R0O139S)

e 10X NE Buffer 4 (New England Biolabs #NEB
RO139S)

e 100X BSA solution, 10 mg/ml (New England Biolabs
#NEB R0139S): dilute to 1 mg/ml with sterile water

* DNA precipitating solution: 100% EtOH, 3 M
Sodium Acetate

* Glycogen (Sigma), diluted at 1 mg/ml in H,O and
used as precipitation carrier

e 70% ethanol

30.5.2 Equipment

* Adjustable pipettes, range :
100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

e 0.2 ml nuclease-free microtubes

o Tabletop refrigerated centrifuge, suitable for cen-
trifugation of 0.2 ml tubes.

e Thermal cycler

e Electrophoresis unit for acrylamide gel

e UV transillumination unit

2-20 pl, 20-200 pl,

30.5.3 Method

e Precipitate 20 pl of MSP product® by adding 60 pl
of DNA precipitating solution and 5 pl of 1 mg/ml
Glycogen (1 h at —20°C should be sufficient).

* Spin in a tabletop refrigerated microcentrifuge for
20" at 14,000 rpm.

e Wash the pellet once in ice-cold 70% ethanol. Air
dry the pellet.

* Resuspend the pellet in 14 ul H,O.

Perform digestion in 10 pl final volume, containing:

Hha 120,000 U/ml 1 pl

10X NE Buffer 4, 1 ul

BSA I mg/ml 1 ul

Resuspended PCR product 7 pl

* Prepare a mix containing all of the above except
the enzyme. Also include the amplification product
of a sequence containing one or more Hha I sites
as digestion control.

e Incubate at 37°C for 2 h in a thermo block or in a
thermal cycler.

* Run digestion products in a 10% acrylamide gel.
Stain with ethidium bromide.

If only fully converted DNA has been amplified, a sin-
gle band of 81 bp should be visible. If unconverted
DNA has been amplified, two bands (55 and 26 bp for
“methylated” MSP) should be visible.

30.6 Methylation Detection
by MS-MLPA

The MS-MLPA procedure avails the probe mix prepared
by MRC-Holland (Amsterdam, The Netherlands), and
contains 40 probe sequences that correspond to 25 genes
frequently affected by methylation in tumours, and 15
control sequences that do not contain the Hhal site and
that are not influenced by methylation-sensitive Hhal
restriction digestion (refer to the method outlined in
Figs. 30.1 and 30.2). MLPA is performed according to
the manufacturer’s protocol. Each sample is analyzed in
two parallel reactions, one ligation of hybridized probes
and one ligation + digestion reaction. A PCR amplifica-
tion step of ligated probes follows, and capillary electro-
phoresis analysis allows the comparison of the abundance

2Qptional: purify PCR product from the agarose gel or directly
with a PCR cleanup kit. In the latter case, use 40 pl of PCR
product.
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Fig. 30.2 Detection of aberrant methylation pattern in MSI-H
colorectal tumours by MS-MLPA using the MEOO1B probe mix-
ture (MRC-Holland). GeneScan™ electropherogram. The
MEOQO01B MS-MLPA probe mix contains 25 sequences that cor-
respond to a set of tumour suppressor genes that are frequently
silenced by methylation in different tumours, but are unmethy-
lated in blood-derived DNA of healthy individuals. In addition,

and number of PCR products from both reactions.
Quality control of each reaction is performed through
four control probes that detect DNA quantity and whose
amplification is ligation-independent and three ligation-
dependent control probes that detect DNA denaturation,
which are present in every MLPA probe mix. This
method has been recently adopted by one IMPACTS
institution in a clinical research setting [19].

30.6.1 Reagents

e SALSA MS-MLPA kit MEOOIB (MRC-Holland),
including:

SALSA probe mix

MLPA buffer

Ligase-65 buffer A

Ligase-65 buffer B

15 different control probes are present that are not influenced by
the Hhal digestion. Besides the detection of aberrant methyla-
tion, all 40 probes yield information on copy number changes in
the analyzed sample. (a) Undigested sample. (b) Hhal-digested
sample from normal tissue. (¢) Hhal-digested sample from
tumour tissue. ¢, control probe without Hhal digestion site. ¥,
undigested probes due to the methylation of CpG

Ligase-65 enzyme

SALSA PCR primers (FAM labeled)

SALSA Enzyme Dilution Buffer

SALSA Polymerase

*  Hhal enzyme (Promega R6441, 10 units/uL)

e Hi-Di™ formamide (e.g., Applied Biosystems)

e Performance Optimized Polymer 4™ (POP4; e.g.,
Applied Biosystems)

* EDTA Buffer (10X; Applied Biosystems)

* GenScan™-500 Rox™ Size Standard (Applied
Biosystems)

30.6.2 Equipment

* Adjustable pipettes, range: 2-20 pl, 20-200 pl,
100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

e 0.2 ml nuclease-free microtubes
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e Tabletop refrigerated centrifuge, suitable for cen-
trifugation of 0.2 ml tubes.

e Thermal cycler

e ABI PRISM 310 Genetic Analyzer (Applied
Biosystems)

e Capillaries (547 cm x 50 um; Applied Biosystems,
code 402839)

e GeneScan™ Software (Applied Biosystems, code
401734)

*  Coffalyser software (MRC Holland, The Netherlands)

30.6.3 Method

30.6.3.1 DNA-Denaturation and Hybridization
of the SALSA-Probes

e Dilute the DNA-sample (20-200 ng DNA, preferred
range 50-200 ng DNA) with TE to 5 pL.

* Heat for 10 min at 98°C; cool to 25°C before open-
ing the thermal cycler.

* Add a mixture of 1.5 uL. SALSA Probe-mix +
1.5 pLL MLPA buffer to each tube.

e Mix with care. Incubate for 1 min at 95°C, followed
by 16 h at 60°C.

30.6.3.2 Ligation + Digestion Reaction

e At RT, add a mix of 3 pL Ligase-buffer A+10 uL
water to eachsample and mix.

* Transfer 10 pL to a second tube.

* Incubate both tubes for at least 1 min at 49°C in the
thermal cycler.

*  While at 49°C, add 10 pL Ligase-65 mix to the first
tube and mix.

°  While at 49°C, add 10 pL Ligase-Digestion mix to
the second tube and mix (methylation test).

¢ Incubate both tubes for 30 min at 49°C, then heat
for 5 min at 98°C.

e Prepare the “Ligase-65 mix” (made less than 1 h.
before use and stored on ice) by mixing 1.5 pL
Ligase-65 buffer B+8.25 uL Water. Add 0.25 pL
Ligase-65 enzyme and mix again.

* Prepare the “Ligase-Digestion mix” (made less than
1 h. before use and stored on ice) by mixing 1.5 pL.
Ligase-65 buffer B+7.75 pL. Water. Add 0.25 uL
Ligase-65 enzyme+0.5 pL Hhal enzyme and mix
again.

30.6.3.3 PCR Reaction

* Mix in new tubes: 5 pL. of each MLPA ligation or
ligation-digestion reaction, with 2 uL. SALSA PCR
buffer+ 13 pL. Water.

* While on ice, add 5 pL of Polymerase mix, place in
a preheated thermocycler (e.g., 72°C), and immedi-
ately start the PCR reaction.

e Prepare the “Polymerase mix” (made less than 1 h.
before use and stored on ice): for each PCR reaction
mix 1 uL SALSA PCR-primers+1 puL SALSA
Enzyme Dilution buffer+2.75 pL. Water. Add
0.25 uL SALSA Polymerase. Mix well.

* The following cycling programme covers the com-
plete MLPA reaction:

1. Hybridization reaction: 98°C 10 min, 25°C hold,
95°C 1 min, 60°C hold.

2. Ligation reaction: 49°C hold, 49°C 30 min,
98°C 5 min, 4°C hold.

3. PCR reaction: 72°C hold, 35 cycles: 95°C 30 s,
60°C 30 s, 72°C 60 s, 72°C 20 min, 4°C hold

30.6.3.4 Separation of Amplification Products
by ABI Prism 310 Genetic Analyzer

* Label: SALSA 6-FAM PCR primer-dNTP mix.

e PCR reaction mix: 0.75 pL of the PCR reac-
tion+0.75 pL water+0.5 pLinternal standard + 13.5 uLL
HiDi formamide. Incubate mix for 2 min at 94°C, and
cool on ice.

e Settings: Internal standard: SO0ROX, filter set D;
Capillary length: 47 cm; Polymers: POP-4 (prefer-
able) or POP-6 polymer. Run time: 30 min; Run
voltage: 15 kV; Run temperature: 60°C; Capillary
fill volume: 184 steps; Prerun voltage: 15 kV; Prerun
time: 180 s; Injection voltage: 3.0 kV; Injection
time: 10-30 s; Data delay time: 1 s.

30.6.3.5 Interpretation of the Results

After separation of amplification products, raw data are
analyzed by GeneScan™ software and the peak areas of
each probe are obtained. Quantification of the methyla-
tion status of studied CpG sites is performed by
Coffalyser software (Fig 30.2). The peak area of each
MS-MLPA probe is normalized by dividing it by the
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31.1 Introduction and Purpose

Because of its simplicity and requirement of only
commonly used equipment, methylation-specific PCR
(MSP) is the most widely used assay for detection of
methylation. Prior to amplification, the DNA is treated
with sodium bisulfite to convert all unmethylated cyto-
sines to uracils. The DNA is then amplified using
primers that match one particular methylation status of
the DNA, such as that in which DNA is methylated at
all CpGs sites. This technique is very sensitive and it
was originally estimated to be able to detect one meth-
ylated target in the presence of a 1,000-fold excess
of unmethylated DNA [1]. Nevertheless, MSP suffers
from some drawbacks, such as (1) its proneness to
false positives in the presence of unconverted or par-
tially unconverted sequences in the bisulfite-treated
DNA [2]; (2) its possible dependence to subjective
judgment, since the generated PCR product is visual-
ized on a gel; (3) its low throughput.

Real-Time Quantitative MSP is based on the con-
tinuous optical monitoring of a fluorogenic PCR and
represents a logical implementation of the MSP strat-
egy, in which a dual-labeled, fluorogenic probe is also
included (Methylight technology) [3, 4]. One fluores-
cent dye serves as a reporter, and its emission spectrum
is quenched by a second fluorescent dye. During the
extension phase, the 5’ to 3’ exonuclease activity of
Taq polymerase cleaves the reporter from the probe,
thus releasing it from the quencher, resulting in an
increase in fluorescence emission [5, 6]. Three main
strategies have been developed for the Methylight
assays. In the first one, sequence discrimination occurs
at PCR amplification only, with primers specific for
either the methylated or the unmethylated sequence
and a common probe detecting a portion of the
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amplicon devoid of CpG sites (‘Fluorescent MSP’).
In the second one, sequence discrimination occurs at
probe hybridization level only, with common primers
that do not overlap any CpG dinucleotide [7]. In the
third approach, primer and probe sets are both designed
to detect either fully methylated or fully unmethylated
patterns in the targets [3, 4]. This latter is the most
widely used strategy and it is the one that assures the
highest specificity of methylation detection. In all
these assays, data normalization is obtained with an
amplification to control for the quantity of input DNA,
using primers and probes for a sequence which does
not contain any CpG in its unconverted form.

We can take advantage of Methylight technology
whenever a quantitative, high-throughput evaluation
system is required, e.g. to validate candidate markers
arisen from global genome screenings; when a cut-off
methylation value needs to be established for a given
diagnostic marker, or to stratify a disease according to
both the presence and the level of methylation at spe-
cific sites [8—-11].

Herein is described a Methylight approach to assay
for the presence of the CpG island methylator pheno-
type (CIMP) in human colorectal cancer samples. CIMP
affects a significant proportion (15-30%) of sporadic
CRC and is characterized by simultaneous aberrant
methylation at multiple CpG islands, including sev-
eral known genes, such as pl6, hMLH1, and THBS1
[11, 12]. CIMP-positive CRCs have a distinct clinical,
pathologic, and molecular profile, such as association
with proximal tumour location, female sex, mucinous
and poor differentiated hystology, serrated morphology,
microsatellite instability (MSI), and high BRAF and
low TP53 mutation rates [10, 13—16]. CIMP+ pheno-
type association with prognosis is still controversial, but
CIMP would be an independent predictor of response to
5-fluorouracil-based treatments [17, 18].

CIMP features can be substantially influenced by
CpG islands selected for its detection. In fact, different
CIMP panels used in various studies have caused some
confusion.

A 6 MINT (Methylated IN Tumor) marker panel was
originally developed by Toyota et al. in 1999. CRC
tumor population showed a bimodal distribution if strat-
ified according to the number of methylated markers.
Tumors testing positive for >3 MINTs (CIMP+) dis-
played a prevalence of KRAS mutations, while tumors
with <3 MINTs (CIMP-) showed a prevalence of TP53
mutations [15]. However, subsequent studies failed to
observe such a distinct bimodal distribution or to con-
firm associations with the molecular alterations [14, 19].

These discrepancies may be explained by an overesti-
mation of DNA methylation due to the use of highly
sensitive nonquantitative methods such as MSP, by the
use of different cutoff values, by the inclusion of other
sequences in the panel, or by inadequacy of original
panel itself. Recently, an independent genome-wide
screening of 195 CpG islands has identified a different
set of sequences (CACNAIG, IGF2, NEUROGI,
RUNX3, and SOCS1) which identifies CIMP status
more reliably than the original set [10]. The new panel,
developed on a qRT-PCR platform, detects a heavily
methylated subset of CRCs that encompasses almost all
BRAF mutants and sporadic MSI-H cancers. MSI and
BRAF mutations thus would represent a distinctive fea-
ture of this type of tumours [16]. This panel has already
been successfully validated in independent large sets of
colorectal tumours [20, 21].

The procedure herein described is an adaptation of the
Weisenberger’s protocol (DOI: 10.1038/nprot.2006.152)
for quantitatively assessing the methylation status of
CACNAIG, IGF2, NEUROGI1, RUNX3, and SOCSI
markers [16] using a TagMan-based approach. Methy-
lation level at each locus is expressed as a percentage
relative to a fully-methylated, M.Sssl-treated reference
DNA sample (Percentage of Methylated Reference,
PMR). A sample is defined as CIMP+ if showing a PMR
>10% in at least three of the five markers, while a sample
testing positive at two markers or less is considered
CIMP negative (CIMP-). The protocol has been divided
into four sections:

* DNA extraction from FFPE for methylation analysis
*  M.SssI modification

* Bisulfite modification

* Methylight reaction setup and methylation assessment

31.2 DNA Extraction from FFPE tissues
for Quantitative Methylation
Analysis

Refer to the method described in Sect. 30.2.

31.3 M.Sssl Modification

The CpG Methyltransferase M.SssI methylates all cyto-
sine residues within the double-stranded dinucleotide
recognition sequence using S-adenosyl methionine
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(SAM) as a methyl donor. This reaction is performed to
create a fully methylated reference sample. Peripheral
blood leukocyte DNA (PBL-DNA) is commonly used
as a substrate but any genomic DNA can serve the pur-
pose, provided it is of high level purity and bisulfite
modification-permissive.

31.3.1 Reagents

*  Human Genomic DNA, 1ug/ul

* Nuclease-free water

* 10X NE Buffer 2 (e.g., New England Biolabs
M0226S)

e 32 mM SAM stock (e.g., New England Biolabs
MO0226S)

*  M.Ssslmethyltransferase (4 U/ul) (e.g., New England
Biolabs M0226S)

31.3.2 Equipment

* Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e 0.2,0.5, or 1.5 ml nuclease-free autoclaved tubes

e Tabletop refrigerated centrifuge suitable for cen-
trifugation of 1.5 ml tubes

e Heating block or Thermal cycler

31.3.3 Method

e Dilute SAM to 1.6 mM by mixing 2 pl of the 32 mM
stock and 38 pl of nuclease-free water. Store unused
SAM at —20°C in small aliquots.

e Ina0.5 ml sterile tube add in order":

— Nuclease-free Water..........coecveeeveervenneenne 118 pl
— 10X NEBuffer 2 ............... 16 pl (1X final conc.)
— Diluted SAM .......... 16 pl (0.16 mM final conc.)

— Genomic DNA........ 8 ul (0.05 pg/ul final conc.)
— M.Sssl methyltransferase (4 U/ul) ......2 pl (0.05
units/pl final conc.)

This reaction can be scaled to accommodate different DNA
amounts.

e Mix, pipette up and down several times.

e Incubate overnight at 37°C in a heating block or
in a thermal cycler.

* Add 0.6 ul of M.SssI methylase and 5 pl of 1.6 mM
SAM. Mix well.

* Incubate overnight at 37°C in a heating block or in
a thermal cycler.

e Stop the reaction by heating at 65°C for 20 min
in a heating block or in a thermal cycler.

Modified DNA can now be used for bisulfite conver-
sion. Aliquot unused DNA and store at —20°C.

Since methylation of every CpG site could be incom-
plete after the described treatment, the whole procedure
can be repeated. To verify the completeness of reaction,
an aliquot of DNA should be bisulfite-modified and
tested with a methylation-specific Methylight reaction
(see further on). DNA should be phenol-chloroform
extracted before each round of treatment.

31.4 Bisulfite Modification

M.Sssl-treated reference and sample DNA are both
submitted to Bisulfite Modification (BM) by means of
the Zymo EZ DNA methylation kit (Zymo Research,
Orange, CA, D5001 or D5002) according to the manu-
facturer’s instructions.? For optimal conversion results,
the amount of input DNA should be from 200 to
500 ng. DNA amounts from FFPE lower than 200 ng
may yield unreliable results in the subsequent Meth-
ylight assay.

31.5 Methylight Reaction Setup
and Methylation Assessment

The methylation level of each bisulfite-converted sam-
ple is detected in real time by a TagMan chemistry
using primers and probes specific for fully methylated
sequences at each of the five CIMP-specific loci [16].
Primers and probes are also specific for bisulfite-con-
verted DNA. The amount of fully converted DNA is
assessed with a control reaction targeting the repetitive

2Other bisulfite modification kits can be consistently used, e.g. the
Qiagen EpiTect™ Bisulfite Kit and the Invitrogen MethylCode™
Bisulfite Conversion Kit.
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element ALU-C4 [16],® using primers and probes
which are specific for bisulfite-converted DNA and do
not have any CpG site in their target sequence. Scalar
amounts of the M.SssI-treated, bisulfite-modified ref-
erence DNA are real-time amplified to set up six stan-
dard curves, one for each gene.

For any sample, methylation amount at a given locus
is calculated from the standard curve and input DNA
amount is obtained from the ALU-C4 reference curve.
Sample methylation percentage with respect to the fully
methylated reference (PMR) is then computed as:

_ Methylation amount
PMR = Input DNA amount

x100  (31.1)

31.5.1 Reagents

e TagMan® 1,000 Reactions Gold with Buffer A Pack
(Applied Biosystems, 430444 1): includes 10X Buffer,
25 mM MgC, and Taq Gold Polymerase

e Commercial 100 mM stock solution of each dNTP
(pH 8) (e.g., Amersham 27-2035-03). Dilute the
dNTP stock solutions to prepare a 10 mM solution
of each dNTP in sterile water

e 10x TagMan Stabilizer solution: 0.5% gelatin (w/v),
0.1% Tween-20 (v/v)*

e Primers and probes: lyophilized primers should be
dissolved in a small volume of distilled water or
10 mM Tris, pH 8 to make a 300 uM stock solution.
Lyophilized probe should be prepared at a final con-
centration of 100 uM. Dilute the primers and the
probe to a working solution of 6 uM (primers) and
2 uM (probe). Make small aliquots of both stock
and working solutions and store them at —20°C. In
Table 31.1 the specific primer and probe sequences
of CACNAI1G, IGF2, NEUROGI, RUNX3, and
SOCSI1 markers are reported.

3This multi-copy ALU sequence, which is dispersed throughout
the genome, is used for normalization reaction, as it is less
prone to fluctuations caused by aneuploidy and copy number
changes affecting single-copy gene normalization reactions
(e.g. MYODI, ACTB, and COL2A1). In addition, it also allows
for sensitive detection of small amounts of DNA.

“Prepare in advance a 20% Tween-20 (Sigma, P-9416) solution
in water. Weigh out 0.2 g gelatin (Sigma, G-9391) and add it to
a 50 ml conical screw capped tube. Add 20 ml of water. Heat to
dissolve, then add 0.2 ml of 20% Tween-20 and bring the final
volume to 40 ml with nuclease-free water. Store at —20°C.

31.5.2 Equipment

* Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pl

*  Nuclease-free aerosol-resistant pipette tips

e 0.2 and 1.5 ml nuclease-free microtubes

o Sterile laminar flow hood

o Tabletop refrigerated centrifuge suitable for cen-
trifugation of 0.2 ml and 1.5 ml tubes

e Real-Time thermal cycler for standard 96-well for-
mat reactions

* PCR microplates/strips

e PCR strip caps

31.5.3 Method

31.5.3.1 Samples and Controls

Sample and M.Sssl-treated DNAs previously submitted
to bisulfite modification by means of the Zymo EZ DNA
methylation kit are usually eluted in 10 pl. We suggest
diluting ten times this amount to a 100 pl volume, to allow
for pipetting errors in subsequent operations. Since
bisulfite modification is highly detrimental to nucleic acid
integrity, DNA recovery may vary from sample to sample.
Thus, the optimal eluate amount to be used in the assay is
hardly predictable. In order to obtain reliable quantifica-
tions, the amount of bisulfite-treated sample DNA should
yield a Ct value within the linearity range generated by
the M.Sssl-treated reference DNA. Therefore, we suggest
performing a preliminary ALU-C4 control reaction using
2 and 10 pl of the above dilution (testing more than one
unknown sample is recommended).’ Sample and M.SssI-
treated DNA amounts herein shown are arbitrary and do
not reflect an optimized assay.

To check the specificity of the MethyLight Assay to
detect bisulfite-converted DNA only, a preliminary
experiment should be conducted using unconverted
human genomic DNA, which should not give results to
the amplification. All methylation quantification
experiments should include an NTC (No Template
Control), containing all the components of the reaction
except for the template.

SThe ALU-C4 reaction is highly sensitive and should generate
low C, values. An unknown DNA amount yielding an ALU-C4
C, value of less than 20 is usually desirable.
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Table 31.1 Primer and probe sequences of the five markers used for the assessment of CIMP

GeneBank
Number

Locus name

Sequence (5'-3")

Amplicon
size

CACNAIG AC021491 F: TTTTTTCGTTTCGCGTTTAGGT 66 bp
(Calcium channel, R: CTCGAAACGACTT
voltage-dependent, alpha CTCG CGACTTCGCCG
1 G subunit), 17q22 F:6FAM-AAATAACGCCGAATCCGACAACCGA-BHQ-1
IGF2 AC132217 F: GAGCGGTTTCGGTGTCGTTA 87 bp
(Insulin-like growth R: CCAACTCGATTTAAA A
factor 2 (somatomedin A)), : CCAACTCG, CCGACG
11p15.5 F: 6FAM-CCCTCTACCGTCGCGAACCCGA-BHQ-1
NEUROG1 AC005738 F: CGTGTAGCGTTCGGGTATTTGTA 87 bp
(Neurogenin 1),

R: CGATAATTACGAACACACTCCGAAT
5q23-g31

F: 6FAM-CGATAACGACCTCCCGCGAACATAAA-BHQ-1
RUNX3 AL023096 F: CGTTCGATGGTGGACGTGT 116 bp
(Runt-related transcription )
factor 3), 1p36 R: GACGAACAACGTCTTATTACAACGC

F: 6FAM-CGCACGAACTCGCCTACGTAATCCG-BHQ-1
SOCS1 ACO009121 F: GCGTCGAGTTCGTGGGTATTT 83 bp
(Suppressor of cytokine R: CCGAAACCATCTTCACGCTAA
signaling 1), 16p13.13 :

F: 6FAM-ACAATTCCGCTAACGACTATCGCGCA-BHQ-1
ALU-C4 Consensus F: GGTTAGGTATAGTGGTTTATATTTGTAATTTTAGTA 98 bp
(Alu-based normalization sequence *

control reaction)?

R: ATTAACTAAACTAATCTTAAACTCCTAACCTCA

F: 6FAM-CCTACCTTAACCTCCC-MGBNFQ"

*ALU is a short nucleotide element interspersed across the whole genome; therefore, no gene locus or number is provided.

®MGBNFQ Minor Groove Binder, nonfluorescent quencher. Fforward primer, R reverse primer

31.5.3.2 Standard Curve Setup

A 5S-point standard curve, consisting of 1:10 serial
dilutions of an optimized quantity of the M.SssI-treated
reference DNA is required for each of the six consid-
ered genes (Table 31.2). Each dilution should be run in
duplicate. Dilutions are made in 0.2 ml nuclease-free
microtubes. Keep tubes in ice.

31.5.3.3 qReal-Time PCR Setup

Work under a sterile laminar flow hood. We suggest
analyzing each unknown sample in duplicate. The
herein indicated amount of 1:10-diluted, bisulfite-
modified sample does not reflect an optimized assay.

e For each of the six genes and for each duplicate
PCR reaction mix the following components in
a 0.2 ml nuclease-free microtube:

Table 31.2 Standard curve setup

Curve Dilution Sample Used for PCR

point

1 0 M.Sssl-treated DNA 10 pl
(1:10 diluted after BM)

2 1:10 2.5 pl of 0 dilution 10 pl
+22.5 pl of sterile H,O

3 1:100 2.5 ul of 1:10 dilution 10 pl
+22.5 pl of sterile H,0O

4 1:1,000 2.5 pl of 1:100 dilution 10 pl
+22.5 pl of sterile H,O

5 1:10,000 2.5 pl of 1:1,000 10 pl

dilution+22.5 ul
of sterile H,0O

To allow for pipetting errors, it is suggested to prepare each dilu-
tion in slight excess, e.g. if 2 pl of M.Sssl-treated DNA are theo-
retically needed for each duplicate, use 2.5 pl instead. The above
indicated amounts allow for pipetting errors. For each duplicated
standard curve at least 25 pl of M.Sssl-treated DNA, 1:10 diluted
after BM (bisulfite modification), are needed
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— 10X Buffer A.....coooeeiiiieens 6.0 pl (1X final)
= 25 mM MgCl,.......ccoene. 8.4 ul (3.5 mM final)
— 10X stabilizer solution ............. 6.0 pl (1X final)
— 10 mM dNTPs.................. 1.2 ul (200 pM final)
— 6 pM forward primer......... 3.0 pl (0.3 uM final)
— 6 uM reverse primer .......... 3.0 pl (0.3 uM final)
— 2 uM probe.....ccccceeviernenne 3.0 ul (0.1 uM final)
— Taq Gold Polymerase .........ccccceerveeeeennen. 0.2 ul
— Nuclease-free Water..........ceecveeveerveeneeennnn. 9.2 ul
— DNA sample....ccccecevievienieniinieieneeee 20.0 pl

e Mix by pipetting, dispense the mixture on the
96-well plate in duplicates of 30 pl each, avoiding
bubble formation. Cover microwells with the strips.

* Refer to instrument software instructions for setting
up the real-time run.

— Use the following Thermal Cycler programme:
e 1x:95°C for 10/
* 40-45x%: 95°C for 15"/60°C for 1’

40

35 -
y =-3.93x + 41.54
R?=0.9983

y =-3.53x + 35.69
R?=0.9983

15 T T T ! T
0 1 2 3M Ay 5 6
Log arbitrary units

Fig. 31.1 Example of PMR calculation of an unknown sample -
Standard curve method. Each curve represents the linear regres-
sion fitted across Cs generated by the dilutions of the M.
Sssl-treated DNA: A, Alu C4 reaction; ®, C reaction. Note that
since 1,000 copies of the Alu sequence exist per genome, at each
control DNA dilution Alu C4 reaction Cs are considerably lower
than the corresponding C,. of the CIMP marker. An unknown
sample shows a C of 22.5 for the Alu reaction and a C, of 28.0 for
the CIMP marker. From these values sample’s log arbitrary
amounts A and M are computed from equations of standard curves
as A=(35.69-22.5)/3.53 and M=(41.54-28.0)/3.93 respectively.
PMR is then calculated as: antilog (M-A) x 100=51.13

31.5.3.4 Data Analysis and Interpretation

Refer to Sect. 25.6 for the relative quantification
using a standard curve. For each control reaction,
plot the duplicate C, value generated from the refer-
ence DNA against the corresponding log amount,
expressed in arbitrary units (Fig. 31.1). Fit the least
squares regression line across tabulated points.
Convert the C, value generated by each unknown
sample into arbitrary units, using the standard curve
regression equation. To obtain the methylation per-
centage at a given CIMP marker (PMR), divide the
calculated arbitrary units by the arbitrary units calcu-
lated from the ALU-C4 standard curve and multiply
this quotient by 100.°

A sample is scored as CIMP+ if showing a PMR
>10% at three or more of the five CIMP markers, while
a sample testing positive for <2 markers is considered
CIMP negative (CIMP-).

31.5.4 Troubleshooting

Troubleshooting suggested in Chap. 25 applies also to
the qRT-PCR Methylight assay (Table 31.3).

®This model of quantification does not assume that target and

control gene have equal amplification efficiencies and it is
fully consistent with the efficiency-corrected model of
relative quantification. In fact, it can be easily demonstrated
that:

AC J(reference—sample)
(Etarget)

(E

PMR = %100,

ACt J(reference—sample)
control
where E  ~and E_  are the amplification efficiencies
of the CIMP marker and of the ALU-C4 reaction, respectively,
as calculated from the standard curves E =107
AC (reference-sample) is the difference between the C, value of
the fully methylated reference and the C, value of the unknown
sample.
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32.1 Introduction and Purpose

Comparative genomic hybridisation (CGH) is a tech-
nique used to identify chromosomal aberrations within
solid tumours. It provides a global overview of chro-
mosomal gains and losses throughout the whole
genome. Kallioniemi et al. were the first to report CGH
as a new technique in 1992 [1], shortly followed by
Manoir et al. [2].

Tumour DNA (or test DNA) and normal DNA (or
reference DNA) are differentially labelled (e.g. test in
green and reference in red) with fluorochromes (direct
labelling) or haptens (indirect labelling), which are later
visualised by fluorescence. Both labelled DNAs are
mixed in a 1:1 ratio in the presence of repetitive DNA
(Cot-1 DNA) and are hybridised to normal human
metaphase chromosomes. The red- and green-labelled
DNA fragments compete for the same targets on the
metaphase chromosomes. The red to green fluorescence
ratio measured along the chromosomal axis represents
loss or gain of genetic material in the tumour at that
specific locus. These ratios show which chromosomal
regions in the test genome are over or under-represented
relative to the reference genome. The presence and
localisation of chromosomal imbalances can be detected
and quantified by digital image analysis.

The following protocol provides a step-by-step
guideline to perform CGH analysis (Fig. 32.1 CGH
schematic overview [3]) based on genomic DNA
extracted from formalin-fixed and paraffin-embedded
(FFPE) tissue specimens [4—10].

This CGH protocol is structured into six parts:

* Extraction of genomic DNA
* Metaphase chromosome preparation
* DNA labelling (indirect) by Nick Translation
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Extracted DNA i i
| '
Differential labeling 1:1
+

CGH Probe

Application to the slide

Denaturation

Reference DNA
Metaphase DNA ;

Tumour DNA

Hybridisation

Fig. 32.1 Schematic overview of the comparative genomic
hybridization (CGH) technique. Tumour and reference DNA are
labelled with a green and a red fluorochrome, respectively, and
hybridised to normal metaphase spreads. After digital imaging the
fluorescent signals are captured and the green to red signals ratios

» Hybridisation
* DNA detection
e Image Processing

32.2 Extraction of Genomic DNA

Reference DNA is extracted from peripheral blood
lymphocytes of a donor showing normal karyogram
(see Chap. 10), and test (tumour) DNA is extracted
from FFPE tissue specimens by the salting out proce-
dure as described in chapters dedicated to DNA extrac-
tion from FFPE tissues.

Before beginning the labelling procedure, the qual-
ity of the DNA must be assessed. We routinely take

Fluorescent detection

Image processing

E

3 (normal)

Ratios analysis

< 0.8: loss

> 1.2: gain

-6

+11

are quantified digitally for each chromosomal locus along the
chromosomal axis. In the ideogram (bottom-right), the red lines on
the left and the green lines on the right relative to the chromosome
indicate regions that are lost or gained, respectively. Threshold for
gains and losses were set at 1.2 and 0.8, respectively

0.5-1 pg sample of the DNA and run it on a 1.5%
ethidium bromide-stained agarose gel.
Criteria for sample selection:

* DNA of high molecular weight

e DNA should be quantified using an accurate
spectrophotometer

¢ DNA should be dissolved in water, not TE buffer.

Contamination (or dilution) of the tumour DNA with
normal DNA (e.g. from stromal or inflammatory cells)
isundesirable but an inevitable problem when analysing
neoplastic lesions. If the tumour sample (or test DNA)
contains too much normal DNA, CGH analysis may
not detect the presence of chromosomal aberrations.
In detail, when more than 80% of the cells are neoplas-
tic, whole sections can be processed. Conversely, when
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the tumour content is less than 80%, the tumour tissue
should be manually microdissected by a needle (see
Chaps. 4 and 6). In addition, advanced laser microdis-
section equipment can be used to reduce the number of
non-neoplastic cells or separate different populations
in a heterogeneous tumour.

32.3 Metaphase Chromosome
Preparation

Metaphase chromosomes are prepared using phyto-
haemagglutinin-stimulated peripheral blood cells
(Ilymphocytes) from a karyotypically normal donor
(women or men). Cells are arrested in mitosis by col-
cemid followed by hypotonic treatment and fixation
procedure.

High-quality metaphase preparations for CGH
should ideally have little cytoplasm (too much cyto-
plasm causes high background levels) and minimal
overlapping of the chromosomes.

32.3.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

* RPMI 1640 Medium with 2 mM L-Glutamine, pow-
der (Sigma-Aldrich R6504)

¢ Foetal Bovine Serum (FBS) heat inactivated
(Sigma-Aldrich F4135)

* Sodium bicarbonate (NaHCO,) 2 g/l (Sigma-
Aldrich S6297)

e Penicillin/Streptomycin, stock solution 10,000 U/
ml/10 mg/ml (Sigma-Aldrich P3539)

e Leucoagglutinin, PHA-L, stock solution 5 pg/ml
(Sigma-Aldrich L.2769)

e RPMI 1640 Full Medium (1,000 ml): Dissolve RPMI
1,640 powder under stirring in ddH,O, add 2 g NaHCO,
and adjust the pH to 7.2-7.3 and complement with
100 ml FBS (10%), 12 ml Penicillin/Streptomycin,
700 ul PHA-L. Filter sterilise the full medium with a
0.22 um filter system. Store full medium at 4°C up to
4 weeks. For longer storage keep at —20°C.

¢ Colcemid 100 pg/ml stock solution in ddH,O at
4°C (Demecolcine Sigma-Aldrich D2769)

* Hypotonic solution: 0.075 M potassium chloride
(KCl, Merck 1.04936) in ddH,0O

 Fixative: Combine' Methanol/glacial acetic acid
(Merck) at a 3:1 (vol/vol) ratio, ice-cold. Freshly
prepare before use

32.3.2 Equipment

e Sterile 50 ml Falcon tubes (BD Falcon 2098)

e Sterile 15 ml Falcon tubes (BD Falcon 2096)

* Filter system 0.22 um (e.g. Nalgene 125-0020)

e Sterile pipette tips

e Sterile pipettes, range: 5, 10, 25 ml

e Cell culture flask T-75 (BD Falcon 353112)

* Centrifuge suitable for centrifugation of 50 ml and
15 ml tubes at 150x g

e CO, cell culture incubator

e Shaker

* Water bath

e Ethanol-cleaned glass microscopy slides (e.g.
Menzel)

e Microscope

32.3.3 Method

Prepare mitotic cells from short-term blood cultures
(amounts per 2 ml blood)

* Add 2 ml peripheral blood (anticoagulation by lith-
ium-heparin) to 50 ml RPMI 1,640 full medium in
a T-75 culture flask. For incubation stand the cul-
ture flask upright for 72 h at 37°C in a cell culture
incubator. Gently mix flasks two times per day.

e Add 60 pl colcemid and mix well. Incubate for
15-20 min at 37°C.

* Make 2 aliquots and transfer the cell culture into
50 ml tubes and centrifuge at 150x g for 10 min.
Remove medium completely until 5 ml remain.

'Methanol is a poison, and highly flammable. Use only with
adequate ventilation (chemical fume hood). Wear gloves when
handling this agent. Contact your waste management department
for proper disposal protocol.
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Hypotonic treatment?

e Resuspend the cells in the remaining medium and
gently add 45 ml of the hypotonic solution (pre-
warmed at 37°C).

e Incubate the tubes for 12—15 min at 37°C in the
water bath. During incubation mix the cell suspen-
sion by inverting the tube several times. The cell-
hypotonic mixture should appear slightly cloudy,
not clear.

e Centrifuge the cells and remove the supernatant as
in step 3.

Fixation®

e Resuspend the cells in the remaining medium and
fix the cells by adding up to 50 ml of the ice-cold
fixative while agitating gently on ice. The first 5 ml
should be added dropwise.

* Incubate on ice for at least 30 min. For better fixa-
tion we recommend placing at —20°C overnight.

* Centrifuge the cells at 150x g for 10 min. Remove
the supernatant completely until 5 ml remain.

* After removal and resuspension of the pellet, trans-
fer the cells into a 15 ml tube and wash the cells by
adding 10 ml fixative and centrifuge at 150x g for
10 min. Repeat the washing procedure until the cell
pellet is white (at least two times).

* Remove the supernatant and resuspend the cells in
a small amount (3—5 ml) of fixative.

Storage of the lymphocytes

e If it is not possible to make the slides on the same
day, place the lymphocytes for long-term storage
at —20°C.

Metaphase spreads onto glass slides*

* Take one slide and moisten it by breathing from very
close and drop 10-20 pl from the cell suspension

2If the cell pellet is just coating the bottom of the tube, add no

more than 2 ml hypotonic solution; if there appears to be a
volume of 0.5-1 ml of cells at the bottom of the tube, add
approximately 50 ml hypotonic solution.

3Tt is crucial to add the fixative very slowly, otherwise the cell
pellet will remain full of clumps, the metaphase spreads will
become trapped in these clumps and spreading will be
compromised.

“The success of this step is dependent on many factors such as

cell suspension quality and laboratory conditions. Optimal
conditions are a room temperature of 24°C and a relative
humidity of 60%.

onto the ethanol-cleaned slide. It is recommended
to drop the cell suspension from a distance of ~40-
50 cm onto the slide.

e Slides are air dried at room temperature. Check for
chromosome spreading and cytoplasm debris with a
light microscope. If necessary, adjust the volume of
fixative so that the density of nuclei/metaphases is
appropriate.

* Store the slides in a box in a dry location at room
temperature for up to 4 days.’

* Before starting hybridisation: using a light micro-
scope, select an area for hybridisation that will fit
under a 18 x 18 mm? cover glass. Ensure that there
is a sufficient number of adequate quality meta-
phase spreads.

32.4 DNA Labelling by Nick Translation
(Indirect Labelling)®

The Nick Translation (NT) is used to label and digest
the DNA. A small amount of DNA (0.5-1 pg) is suf-
ficient. The NT method is based on the ability of DNase
I to introduce randomly distributed nicks into DNA. E.
coli DNA polymerase I synthesises DNA complemen-
tary to the intact strand in a 5’ — 3’ direction using the
3'-OH termini of the nick as a primer. The 5’ — 3’ exo-
nucleolytic activity of DNA Polymerase I simultane-
ously removes nucleotides in the direction of synthesis.
The polymerase activity sequentially replaces the
removed nucleotides with hapten-labelled deoxyribo-
nucleoside triphosphates (biotin or digoxigenin-
labelled dNTPs).

32.4.1 Reagents

All the reagents should be kept on ice and mixed.

For longer storage the metaphase slides may be kept at —80°C
in the presence of silica beads.

°We prefer indirect labelling of our samples because it results in

brighter fluorescence intensities. It has been suggested that the
direct labelling reduces background, although background
problems are mostly correlated with the quality of metaphase
chromosomes.
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e 0.1 M B-Mercaptoethanol solution: Mix 100 ul
B-Mercaptoethanol’ 14.3 M (Sigma-Aldrich M6250)
with 14.4 ml ddH,O. Put an aliquot on ice and store
the remaining solution at 4°C for no longer than
2 weeks

* DNase I stock solution 1 mg/ml: Dissolve 10 mg
DNase I (Roche Applied Science 104159), in 5 g
Glycerol, 20 mM Tris HCl pH 7.5, and 1 mM
MgCl,, and bring to 10 ml with ddH,O. Store it
in aliquots at —20°C

* DNase I solution: Dilute DNase I stock solution
1:1,000 in ddH,0 and put it immediately on ice

e Deoxynucleoside Triphosphate mix (dNTP mix):
dNTP mix, each dNTP 100 mM (Roche Applied
Science 11277049001). For the ANTP mix add 5 pl
dATP, 5 pl dCTP, 5 pl dGTP, and 1 pl dTTP and
complete by adding 984 pl in ddH,O. Aliquot and
store at —20°C

* NT reaction buffer (10x): 0.5 M Tris pH 8.0, 50 mM
MgCl,, 0.5 mg/ml BSA (Albumin, Bovine Sigma-
Aldrich A-7906). Store in aliquots at —20°C

e DNA Polymerase I 250 U (Roche Applied Science
642711)

* Biotin-16-dUTP 1 mM solution (Roche Applied
Science 1093088)

e Digoxigenin-11-dUTP 1 mM solution (Roche
Applied Science 1093070)

* Nick Translation Mix (Roche Applied Science
11745824910): This mix is used only for labelling
the reference DNA

e EDTA 0.5 MpH S8

32.4.2 Equipment

e Disinfected® adjustable pipettes, range: 2-20 pul,
20-200 pl, 100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

e 1.5 and 0.5 ml tubes (autoclaved)

* PCR reaction tubes 0.2 ml

"B-Mercaptoethanol is toxic by inhalation, ingestion and
through skin contact and is a severe eye irritant. Use only with
adequate ventilation, wear gloves and safety glasses. Wasted
B-Mercaptoethanol must be placed in a chemical waste
container.

¥Clean the pipette with alcohol or another disinfectant and leave

them under the UV lamp for at least 10 min. Alternatively, it is
possible to autoclave the pipette depending on the provider
instructions for the different pipettes.

e Thermocycler (e.g. Gene Amp PCR System 9700,
Applied Biosystems)

* Centrifuge suitable for centrifugation at 20,000x g

e Vortex

32.4.3 Method

 Labelling Tumour DNA® (or Test DNA). All the reagents
should be kept on ice and mixed well.

* For one NT reaction 1 ng DNA is used.

* For one NT reaction (20 pl) mix:

— 2 pl B-Mercaptoethanol solution

— 2 pl ANTP mix

— 2 ul NT reaction buffer (10x)

— 0.1 pl DNase I solution

— 0.4 pl DNA Polymerase I

— 1 pl biotin dUTP or digoxigenin dUTP
— 1 ug DNA in ddH,0

- Up to 20 pl with ddH,O

e Vortex the sample briefly and spin down (table top
centrifuge)

* Incubate the samples immediately for 3-5 h or
overnight at 15°C in the PCR machine. The incuba-
tion time depends strongly on the length of the
extracted DNA.

e Check the extent of fragmentation by gel electro-
phoresis on an ethidium bromide-stained 1.5% aga-
rose gel (10 pl/sample). Run at 130 V for 40 min.
Inspect DNA fragment length'® with a UV transil-
luminator. If the DNA fragments have been digested
to the right size, stop the reaction as described under
point 5.

* Stop the reaction. Chill the reaction on ice and inac-
tivate the enzymes by heating the samples at 75°C
for 15 min in the PCR machine. Keep the samples
until hybridisation at —20°C.

°In this scheme, the tumour DNA is labelled with biotin and the

reference DNA is labelled with digoxigenin. The labelling
scheme can be switched: the tumour DNA is labelled with
digoxigenin, and the reference DNA with biotin.

1°The length of DNA fragments should be at least 300 bp. Check
the extent of fragmentation by gel electrophoresis. While
running the gel, keep the samples on ice. If the fragment sizes
are too big, then you can add fresh reagents and continue
labelling. If the DNA fragments have been digested to the right
size stop the reaction as described under point 5.
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e Labelling normal'' or reference DNA. Only for
labelling the reference DNA a commercial mix
(Roche Mix; containing DNase I, DNA Polymerase
I, and buffer) is used. For one NT reaction 1 pg
DNA is used.

* For one NT reaction (20 pul) mix:

2 pul ANTP mix

4 pl Nick translation mix (5x)

1 ul Biotin dUTP or Digoxigenin dUTP

1 ug DNA in ddH,0O

Up to 20 ul with ddH,0

e Vortex the sample briefly and spin down (table top
centrifuge)

e Incubate the samples immediately for 90 min at
15°C in the PCR machine.

e Check the extent of fragmentation by gel electro-
phoresis on an ethidium bromide-stained 1.5% aga-
rose gel (10 pl/sample). Run at 130 V for 40 min.
Inspect DNA fragment length with a UV transillu-
minator. If the DNA fragments have been digested
to the right size stop the reaction as described under
point 5.

32.5 Hybridisation

Following the labelling procedure, equal amounts of
labelled tumour and labelled reference DNA are pre-
cipitated together in the presence of excess human
Cot-1 DNA and fish sperm DNA.

This precipitation must be done to remove the
dNTPs that have not been incorporated in the labelling
reaction. Whereas Cot-1 DNA, which is enriched in
repetitive sequences, is added to prevent non-specific
binding of labelled DNA to repetitive sequences pres-
ent in the centromere and heterochromatic regions.
Fish-Sperm DNA is used to prevent loss of labelled
DNA in the precipitation. Further, the probe is re-sus-
pended in a hybridisation solution and denatured. After
denaturation, the probes are allowed to anneal and then
added to the denatured slides and allowed to hybridise
for 72 h.

"Tn this scheme, the tumour DNA is labelled with biotin and the
reference DNA is labelled with digoxigenin. The labelling
scheme can be switched and the tumour DNA is labelled with
digoxigenin, and the reference DNA with biotin.

32.5.1 Reagents

* Labelled tumour DNA and labelled reference DNA
(see Chap. 32.4: Nick Translation)

e Fish Sperm DNA (molecular biology grade), lyo-
philised (Boehringer Mannheim 1467140)

e Human Cot-1 DNA (Roche Applied Science
1581074)

e 3 M Sodium Acetate pH 5.2 (NaAc, Roth 6773.1)

¢ 100% Ethanol, 90% Ethanol, 70% Ethanol (Merck
1000.983.2511)

e Deionised Formamide? (FA, 100%): Combine
60 ml FA (Merck 1.04008.1000) and 10 g Dowex
MR-3 ion exchange resin (Sigma-Aldrich 13686-
U) under stirring for 30 min, and filter. Aliquot and
store it at -20°C

e 20x SSC (saline sodium citrate): 3 M NaCl and
0.3 M Tri-sodium citrate dihydrate are dissolved in
ddH,O under stirring and pH is adjusted to 7 and
keep it at 4°C.

e Hybridisation mix: 20% dextran sulphate, 4x SSC
pH 7. Dissolve 10 g Dextran sulphate in 10 ml 20x
SSC under stirring and heating (set to 50°C), fill up
to 50 ml with ddH,O and autoclave the solution.
Store it in aliquots at —20°C.

* Denaturation mix: Freshly mix 700 ul FA, 200 pl
ddH,0, and 100 ul 20x SSC and store at 4°C until
denaturation step

32.5.2 Equipment

* Disinfected® adjustable pipettes, range: 2-20 pl,
20-200 pl, 100-1,000 pul

*  Nuclease-free aerosol-resistant pipette tips

e 1.5 and 0.5 ml tubes (autoclaved)

* Centrifuge suitable for centrifugation of 1.5 ml
tubes at 20,000x g at 4°C

2Formamide causes eye and skin irritation and is a known
mutagen. Wear gloves when handling this reagent and dispense
under a chemical fume hood. Contact your waste management
department for proper disposal protocol.

13Clean the pipette with alcohol or another disinfectant and leave
them under the UV lamp for almost 10 min. Alternatively, it is
possible to autoclave the pipette depending on the provider
instructions for the different pipettes.
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e Cover glasses, 60x24 mm?, 18x18 mm? (e.g.
Menzel)

*  Rubber cement (Marabu-Fixogum 2901 17000)

e Thermomixer (two) (Eppendorf)

e Hot plate for heating up to 80°C

o Water bath

o Staining jars

e Metal box (stainless steel)

e Diamond pen

32.5.3 Method

Precipitation of the DNA

e The best recovery of DNA results from leaving the
DNA/salt/ethanol mixture at —20°C over night
before centrifugation:

* For one precipitation mix:

20 ul tumour DNA (biotin labelled)

10 pl reference DNA (digoxigenin labelled)
40 pl Cot-1 DNA (40-fold excess)

1 pl Fish Sperm DNA

7.1 ul 3 M NaAc (1/10 vol)

180 ul 100% Ethanol (2.5 x vol)

Place the tubes at —20°C overnight

e Centrifuge the samples at 20,000x g at 4°C for
30 min. Remove the supernatant and wash the pellet
with 180 pl 70% ethanol and centrifuge at 20,000x
g at 4°C for 15 min. Remove the supernatant and air
dry the pellet.

* Resuspend the DNA pellet in 7 pl FA and incubate at
37°C in the thermomixer with shaking at 1,400 rpm
for 60-90 min.

* Gently add 7 ul hybridisation solution and incubate
at 37°Cin the thermomixer with shaking (1,400 rpm)
for at least 10 min.

Denaturation of the genomic DNA
* Denature the DNA for 5 min at 85°C.
Pre-annealing

¢ Immediately after denaturation spin down the con-
densate and place the probe back into a different
thermomixer at 37°C for 1 h. During pre-annealing,
start the metaphase chromosome slide preparation!

Metaphase chromosome slide preparation

* Inspect the slides with the metaphase spreads in a
light microscope and select the best region for

hybridisation that will fit under an 18 x 18 mm?
cover glass with a diamond pen.

Slide-denaturation'*

* Begin the slide-denaturation step by adding 130 pl
of the denaturation mix to a 24x60 mm? cover
glass. Invert the slide (with chromosome spreads)
slowly on the drop of the denaturation mix, re-invert
the slide, metaphase-spread-side up (avoid air bub-
bles) and incubate for 10 min at room temperature
and then denature the slide onto a hot plate at 78°C
for 75-85 5.1

e Dehydrate the slides by transferring them into an
ascending concentration of ethanol in separate
staining jars. First place the slide vertically to
remove the cover slip and then immerse the slides
in ice-cold'® 70%, 90%, and 100% ethanol for
2 min each.

e Briefly air dry the slide warming up to room tem-
perature and then place it horizontally to complete
the drying process with nitrogen gas.

Probe hybridisation on the slide

e Centrifuge the tube with the pre-annealed DNA
(see point of Pre-annealing) to remove vapour and
fluid from the lid.

e Carefully apply the entire content of the probe
(14 pul) onto the area selected for the hybridisation,
and gently place the cover glass (18 x 18 mm?) onto
the region containing the probe.!”

» Seal the edges of the cover glass with rubber cement.

*  Work quickly and place the slide in a pre-warmed
metal box (37°C) and keep the metal box in a water
bath at 37°C for 72 h.

““Denaturation of the slide is a major determinant of the success
of the hybridization of CGH probes. It is important that the hot
plate (or slide warmer) is set to the right temperature. The age
of slides, amount of cytoplasm and humidity at which cells
were dropped onto the slides determine the time required for
denaturation.

SThe correct timing is often determined empirically.

“Immersing the slides in ice-cold ethanol after slide denaturation
immediately arrests the heat denaturation process and prevents
the chromosomes from re-annealing. Cool the ethanol to —20°C
by storing a tightly sealed staining jar inside a —20°C freezer
before use. When ready to use, keep the staining jars in an ice
bucket.

"Taking care not to scratch the slide during this process and
taking care to remove air bubbles.
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32.6 Detection

After hybridisation for 72 h, the unbound DNA is
washed from the slide using formamide and stringent
washes of SSC. The slides are also incubated with
blocking solution to suppress any unspecific binding
of the antibodies. After detection by the fluorescently
labelled antibodies FITC (fluorochrome-conjugated
avidin-fluorescein isothiocyanate antibody) and
TRITC (sheep antidigoxigenin-tetramethyl rhod-
amine isothiocyanate), respectively, the slides are
washed again to remove any unbound antibodies and
counterstained with DAPI. This produces a banding
pattern, which enables chromosomes identification
and karyotyping.

32.6.1 Reagents

e Formamide deionised (FA, 100%): 60 ml FA (Merck
1.04008.1000) and 10 g ion exchange resin Dowex
MR3 (Sigma Aldrich I-9005) are mixed and
stirred for 30 min, and filtered. Aliquot and store it
at —20°C.

* 20x SSC: 3 M NaCl and 0.3 M tri-sodium citrate
dihydrate are dissolved in ddH,O under stirring and
pH is adjusted to 7. Keep the solution at 4°C.

e DAPI'* (4,6-diamidino-2phenylinodole dihydro-
chloride) solution 0.4 ug/ml: For DAPI stock solu-
tion add 10 mg DAPI (Roche Applied Science Nr.
236276) to 2 ml ddH, O at a concentration of 5 mg/
ml. Store aliquots at —20°C. For DAPI working
solution add 2 pul DAPI stock solution to 100 ml 2x
SSC (1:10 dilution of 20x in ddH,0). Store aliquots
at —20°C. Keep solution in use in light-protected
staining jar.

e Formamide/SSC 1:1: For final volume of 300 ml.
Combine 75 ml 4x SSC, 75 ml ddH, O, and 150 ml
FA and adjust the pH to 7.0-7.3 with 1 N HCL
Prepare three staining jars and preheat them to 37°C
in the water bath.

* 4x SSC: Mix 100 ml 20x SSC pH 7 with 400 ml in
ddH,0O. Prepare four staining jars with 4x SSC and

DAPI is a known mutagen; avoid contact with eyes and skin.
Protect DAPI solution from light; it can be stored at 4°C for
as long as 2 months. For longer storage, aliquot and keep it
at —20°C.

preheat 1 to 37°C and the remaining 3 to 45°C in
the water bath

e 4% SSC/0.1% Tween 20: (Merck 822184 S21990 715)

* 0.1x SSC: Mix 10 ml 4x SSC with 390 ml ddH,O.
Fill three staining jars with 0.1x SSC and preheat
them to 60°C in the water bath.

* Blocking solution: 3% BSA (Albumin, Bovine
Sigma-Aldrich A-7,906) in 4x SSC/ 0.1% Tween.
Pre-warm the blocking solution to room
temperature.

e TRITC(Anti-Digoxigenin-Rhodamine, FabFragment
Roche 12077509)

o Streptavidin FITC (Fluorescein DCS from Vector
Laboratories A-2011)

e Fluorochrome solution: Before adding the fluoro-
chromes,' TRITC and FITC, to the blocking solu-
tion centrifuge each for 3 min at 20,000x g. After
centrifugation combine 14 pl TRITC and 7 pl
Streptavidin FITC with 1 ml blocking solution and
pre-warm it at 37°C. (Prepare just before beginning
detection).

e DABCO (l.4-diazabicyclo2.2.2octane). Dissolve
23 mg DABCO (Sigma-Aldrich D2522) in 10 ml
glycerol/Tris (9 vol glycerol and 1 vol 0.2 M Tris
pH 8).

32.6.2 Equipment

e Disinfected® adjustable pipettes, range: 2-20 pl,
20-200 pl, 100-1,000 pl

* Nuclease-free aerosol-resistant pipette tips

e 1.5 and 0.5 ml tubes (autoclaved)

e Centrifuge suitable for centrifugation of 1.5 ml
tubes at 20,000x g at 4°C

* Plastic cover slips (e.g. Appligene Oncor S1370-14)

e Cover glasses, 60 x 24 mm? (e.g. Menzel)

e Thermomixer (e.g. Eppendorf)

Do not repeatedly freeze and thaw antibodies used in the detection
protocols. Store aliquots at 4°C according to the manufacturer’s
directions and record expiration dates. Keep the antibodies out of
light when using.

2Clean the pipette with alcohol or another disinfectant and leave
them under the UV lamp for almost 10 min. Alternatively, it is
possible to autoclave the pipette depending on the provider’s
instructions for the different pipettes.
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e Water bath

e Staining jars

e Moist chamber

e Incubator (e.g. Heraeus)

32.6.3 Method

* After the 72-h hybridisation, carefully remove the
rubber cement and the cover glass from the slide, tak-
ing care not to drag the cover glass across the slide,
thereby scratching the metaphase preparations.

e Wash the slides in Formamide/SSC (1:1) at 37°C
for 3 min in the water bath. Repeat this step two
more times using fresh solution each time.

e Wash the slides in 0.1x SSC for 2 min and 30 s at
60°C.?' Repeat this step two more times using fresh
solution each time.

» Keep the slides in 4x SSC/0.1% Tween at 37°C for
5 min.

* Blocking step: Cover each slide with130 pl block-
ing solution and a plastic cover slip and incubate for
10 min in a moist chamber at 37°C within an
incubator.

* Remove cover glass and place the slides immedi-
ately in 4x SSC/0.1% Tween (pre-warmed to 37°C)
and wash the slides by gently shaking for 5 min.

* Prepare the fluorochrome solution. Cover each slide
with 130 pl of the fluorochrome solution and a
cover slip and incubate for 30 min in a moist cham-
ber at 37°C (protecting from light).

* Gently remove the cover slip. Wash the slides in 4x
SSC/0.1% Tween for 3 min at 45°C. Repeat this
washing step two more times using a fresh solution
each time (protecting from light).

* DAPI counterstain.** Incubate the slides for 5 min
in the DAPI solution at room temperature. Keep the
slides out of direct light throughout the DAPI stain-
ing procedure.

 Briefly immerse the slides in 2x SSC/50 ul Tween 20.

2ITake care: these washing steps are very important; the slides
should be washed in adequate time temperature, and without
any agitation.

21t is frequently described combining DAPI in the antifade
solution. However, this often results in a transient weak blue
fluorescence background. We prefer to stain the chromosomes
by DAPI diluted in 2x SSC.

e Place the slide horizontally and blow it off with
nitrogen gas.

e Mount the slides using DABCO. Add 35 nl DABCO
per glass slide. Carefully remove any air bubble.
The slides can be imaged immediately or alterna-
tively, can be stored at 4°C under dark conditions
until microscopy observation.?

32.7 Image Processing

Images are acquired with a Zeiss Axioplan microscope
(Jena, Germany) equipped with a cooled charge-cou-
pled device camera (Micromax; Princeton Instruments,
Trenton, NY) controlled by the IPlab software
(Scanalytics, Vienna, USA), and DAPI (blue), FITC
(green), and TRITC (red) band pass filters.

Furthermore objective lenses (plan apochromatic,
63x and 100x) and camera should be appropriate and
apochromatic without autofluorescence.

For CGH image analysis, the Quips 3.1 software
(produced by Vysis Downers Grove, IL, USA and now
available by Applied Imaging, United Kingdom) is
used.

For the identification of chromosomal gains and
losses, it is essential that the chromosomes are cor-
rectly classified. For each case, the results of analysis
of multiple metaphase spreads are averaged; we pre-
fer to analyse at least ten metaphase spreads. Special
attention should be paid to the G-C-rich regions 1p,
9p, 16, 19, and 22, which are known as problem areas
because they show aberrations in a negative control
experiment and indicate suboptimal CGH (Fig. 32.2).

Similar to other molecular genetic techniques, the
proper controls should be included. As a control, male
versus female hybridisations should be performed in
order to test stringency and sensitivity. In control experi-
ments the confidence interval (99%) should be within the
set thresholds (1.2 and 0.8) with the exception of the sex
chromosomes in a sex-mismatch control. For an internal
control for CGH use control DNA of the other sex. To
detect chromosomal imbalances of the X chromosome in
the analysed samples, CGH should be performed using
tumour and control DNA of the same gender.

BStore the slides in the dark at 4°C ideally no longer than a week
until microscopy observation.
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Fig. 32.2 Quantitative analysis of a CGH profile (lung, pleo-
morphic carcinomas) by relative copy number karyotype. On the
average, ten metaphase spreads were evaluated per case. The
mean red to green fluorescence ratio of the chromosome of
multiple metaphases is plotted on a graph corresponding to the

In our lab the detection thresholds for gains and
losses of chromosomal regions are set at 1.2 and 0.8,
respectively (Fig. 32.2). Ratios below 0.8 indicate a
loss, whereas ratios over 1.2 indicate a gain of chromo-
somal regions. The signals should be smooth because
a granular signal results in large standard deviations
after interpretation. Varieties in signal intensity in a
banding-like pattern probably result from inadequate
denaturation and therefore not useful. Background
should be low and homogenous.

32.7.1 Troubleshooting

Chromosome metaphase preparations on the slide
have excess cytoplasm. Hypotonic treatment was
too short. The time of exposure to the hypotonic

n=38
X

n=16
22

chromosome ideograms. Thresholds for chromosomal gains and
losses were set to 1.2 and 0.8, respectively. Losses of genetic
material are displayed in red to the left, while gains are pictured
in green to the right of each chromosome

solution should be prolonged. Hypotonic treatment
causes a swelling of the cells; the optimal time of
treatment varies for different blood donors and must
be determined empirically.

If large amounts of residual cytoplasm are still vis-
ible on the slides, the fixation step should be
repeated a few times.

Metaphase spreads are trapped in clumps. Ensure
that before starting the fixation step the cell pellet
(after hypotonic treatment) is fully resuspended in
the remaining solution and then very slowly add the
fixative.

Small number of metaphase spreads. The quality of
metaphase spreading is dependent upon a number
of factors, including humidity, air-flow, and cell
concentration.

DNA fragments are still too large after NT pro-
cess I. Add more DNase I and DNA polymerase I



32 Comparative Genomic Hybridisation (CGH)

213

(approximately 3 ul), and incubate at 15°C for
15-30 min. For optimum hybridisation condi-
tions the DNA fragments should be at least 300 bp
(visible as a smear). Check fragment size by gel
electrophoresis and inactivate the enzymes as
described.
DNA fragments are still too large after NT process
II. Another possibility is that there is something
inhibiting the enzymatic reaction (residual salts
from the DNA extraction; DNA is resuspended in
TE buffer and not in water).
DNA fragments are too small after NT. Check
the DNA quality of the unlabelled sample; the start-
ing DNA might have been already degraded. Use
only DNA of high molecular weight for a CGH
experiment. Small fragments can result in non-spe-
cific hybridisation, whereas long fragments can
result in halos around the chromosomes and an
increased background.
Optimal-sized DNA fragments of labelled DNA can
be acquired by an optimally sized ratio of DNase |
and DNA polymerase I, and constant temperature at
15°C.
Weak signal. If both the tumour and reference DNA
samples are weak, then it could be possible that
there was not sufficient haptens incorporation into
the DNA. Check the DNA fragment size. Further
consider the possibility that the DNA polymerase
has lost its activity.

Signal intensity is weak:

— If the metaphase spreads are not sufficiently
denatured, then the labelled DNA probes cannot
obtain access to these sites for hybridisation.
Check the age of the slides, older slides are more
resistant to heat denaturation.

— Pre-annealing time was too extensive. Reduce
time.

No signal:

— Quality of metaphase (slides are over 14 days).

— Probe and slide denaturation temperature. Check
the actual temperature of the equipment used to
denature the probe and slide.

— Detection reagents. The detection reagents used
in the process are approaching expiration or
were improperly diluted.

— The wrong filter was used during imaging.

Weak DAPI staining. Decrease denaturation time.

Weak DAPI staining is a hint that the DNA on the

metaphase spreads was denatured too long. Over-

denatured chromosomes show very bright-staining

centromere. Reduce the time for denaturation

process.

Non-specific background (haze of red and green

around the metaphases).

— Residual cytoplasm can prevent successful
access of the probe to the chromosomes.

— Blocking step was not sufficient. The incubation
time can be increased.

— Washing conditions. Change stringency of the
wash  solutions (salt concentration and
temperature).

High background

— Wash solutions are not prepared freshly and
stored for a long period of time. Always make
fresh solutions and check the pH.

— BSA was not properly washed off.

— Slides were not denatured long enough.

— Insufficient hybridisation time.

Poor chromosome banding. The chromosomes might

be over-denatured, and a new batch of chromosomes,

less formamide in the hybridization buffer, or lower
temperatures for denaturation might be tested.
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33.1 Introduction and Purpose

To date, many different methods have been used for
the detection of genetic alterations, including conven-
tional genetic analysis, Southern blot, Fluorescence In
Situ Hybridization (FISH), Metaphasic-Comparative
Genomic Hybridization (mCGH), and real-time quan-
titative PCR. More recently, array-CGH (a-CGH) and
Single Nucleotide Polymorphism (SNP)-based plat-
forms have been applied in order to detect copy number
changes. Such methods improve resolution and sensi-
tivity; these are very robust techniques for the detection
of cryptic chromosome rearrangements, but they are
labor intensive and require expensive equipment.

The Multiplex Ligation-dependent Probe Ampli-
fication (MLPA) method was first described in 2002 [1]
and is a PCR-based method that allows determining the
copy number status of up to 40 DNA sequences at once.
This method relies on sequence-specific probe hybrid-
ization genomic DNA followed by multiplex-PCR
amplification of the hybridized probe and a semiquanti-
tative analysis of the resulting PCR products. MLPA has
several advantages over currently used techniques. The
first advantage is the number of loci that can be ana-
lyzed in one reaction. Furthermore, it is a sensitive and
relatively fast technique; only a small amount of DNA is
required (20 ng is sufficient for one reaction in which 40
loci are tested) and results are available within 2 days.
Since then different studies have been published, the
majority using commercial MLPA assays to detect gene
deletions and duplications in different disorders [2—8].

The critical factors when performing MLPA analyses
from formalin-fixed paraffin-embedded (FFPE) tissues
are DNA integrity and purity; for this reason, a suitable
DNA extraction method must be chosen. Formalin treat-
ment should not hinder the MLPA technique since each
MLPA probe hybridizes to a very small DNA target
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sequence (less than 100 nucleotides). However the form-
aldehyde reactivity leads to the formation of protein—
nucleic acid and protein—protein cross-links [5, 9]. These
chemical modifications have a stronger influence on
MLPA results than on common nonquantitative PCR
ones. In addition, the extremely low pH during the fixa-
tion period provokes DNA fragmentation [10]. Related
with the purity, the DNA extracted from FFPE tissues
generally contains traces of substances such as formalin
or xylene that can interfere with DNA, affecting its
purity and reducing the polymerase activity in the PCR
reaction. Important practical details and considerations
are discussed in this chapter to obtain an improved DNA
quality extraction with the highest multiplex ligation
probe amplification efficiency.

This MLPA protocol provides a methodology for
analyzing the genetic copy number changes from
FFPE tissues. The critical steps include: DNA
extraction from tissue sections, and MLPA proce-
dure. In our protocol, all MLPA reagents have been
supplied by the MRC-Holland biotech company.
The whole procedure requires 2 days, approximately
1 h of bench work on the first day and 2-3 h on the
second one.

33.2 DNA Extraction

33.2.1 Reagents

e 100% and 70% ethanol

e 3 M Sodium acetate (NaAc) pH 5.2

e P-Buffer: Made by mixing 425 pL sterile water +25 pL.
1 M Tris-HClpH 8.5+ 10 pL 5 M NaCl+1 uL 0.5 M
EDTA pH 8.0+ 10 uL 1 M DTT+25 pL of a mixture
of 10% Tween-20+10% NP40

e Proteinase K solution, 20 mg/mL: Dissolve 50 mg
proteinase K (Sigma-Aldrich, cat. No P6556) in
2.5 mL of PBS buffer. Prepare 100 pL aliquots and
store the enzyme at —20°C

e TE buffer: 10 mM TrisHCI pH 8.2+ 1 mM EDTA

33.2.2 Equipment

* Automatic pipettes. Range: 10-20 pL, 100-1000 pL
e Bath at 90°C, 56°C, and 37°C
e Centrifuge suitable for 1.5 mL tubes

e Nanodrop spectrophotometer
* Vortex

e Thermometer

e Timer

33.2.3 Method

e Cut around ten sections of 5 um using a microtome
and collect them in a 1.5 mL microcentrifuge tube.
A minimal tumor cell percentage of 50-70% is
needed to obtain reliable MLPA results.

* Add 500 pL of P-Buffer to each tube. Vortex the
tubes for 15 s and ensure that the buffer covers the
tissue slices.

e Incubate the tubes at 90°C for 15 min to melt the paraf-
finin a water bath. At this stage, it is possible to observe
a paraffin layer at the top of the digestion solution.!

e Incubate the samples at 56°C in a water bath.

e Once the temperature of the samples has decreased
add 12.5 uL of proteinase K solution and continue
the tissue digestion at 56°C overnight (at least 16 h)
in a water bath.?

» Pipette 20 pL of proteinase K to each tube and incu-
bate them at 37°C for other 24 h. Again, add extra
proteinase K (20 pL) to each tube and incubate
them at 37°C for 24 h.

* Centrifuge the tubes at ~13,000 rpm for 10 min.

e Carefully transfer the supernatant to a clean tube
avoiding the paraffin residues.

* Repeat the last two steps to ensure that the maxi-
mum amount of paraffin residues is discarded.’

* Add two volumes of 100% ethanol and 0.1 volume
of NaAc 3 M to the digestion solution and let the
DNA precipitate overnight at —20°C.

* Centrifuge the tubes at ~13,000 rpm for 30 min.

* Remove the supernatant.

e Wash the DNA with 500 pL of 70% ethanol.*

'The pH of the Tris solution will decrease during the heat treatment
at elevated temperatures, thus it may result in DNA depurination
induced by low pH. For this reason it is recommended using Tris
pH 8.5 during the heat pretreatment.

“Incubation of the samples at 56°C for 48 h or longer is a suitable
option to increase the PCR amplifiable DNA yield.

It is important to remove the paraffin as much as possible by
centrifuging after the tissue digestion instead of using any solvent.

“The MLPA PCR reaction may be hampered by the presence of
impurities. In order to reduce the impurities repeat the ethanol
wash when enough DNA is available.
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Fig. 33.1 General overview of the MLPA reaction. Hybridization sequences appear in red. PCR primer sequences are in black and

stuffer sequence in blue

e Centrifuge the tubes at ~13,000 rpm for 15 min.

* Remove the supernatant.

* Evaporate the ethanol (i.e. 37°C, vacuum dry or
thermoblock with tube open cap).

¢ Resuspend the DNA in water or TE buffer.

e The DNA concentration is measured by using a
NanoDrop spectrophotometer. Dilute the DNA to
working stocks of ~20 ng/uL using TE.

* Store at 4°C or —20°C for long storage periods.

33.3 MLPA Procedure

There are different MLPA probemix available, applied
in human genetics and cancer research. MLPA can be
used to determine genetic copy number changes, to

*Resuspending the DNA in TE is more appropriate than water
because TE keeps the DNA more stable.

detect known point mutations and SNPs (using the
so-called P-products), methylation status of imprinted
and promoter regions (MS-MLPA; ME products),
and relative quantification of mRNAs (RT-MLPA;
R-products).

The following MLPA protocol provides a method-
ology for using P-products. Details about all MLPA
P-products are available at MRC-Holland company
website (http://www.mlpa.com). The SALSA MLPA
kit includes the MLPA probemix to detect alterations
in around 40 genes or chromosomal regions. Each
MLPA probe is complementary to a given target
sequence. MLPA probes consist of two oligonucle-
otides that hybridize immediately adjacent to each
other, each containing one of the sequences recog-
nized by the PCR primer pair (Fig. 33.1). After
hybridization to their adjacent targets, the two hemi
probes are ligated by a specific ligase enzyme. The
resulting ligation product contains both PCR primer
sequences in one fragment and hence will be
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exponentially amplified during the PCR reaction.
Identical PCR fluorescently (6-FAM) labeled primers
are used for all probes. In contrast, probe oligonucle-
otides that are not ligated will contain only a single
primer sequence. As a consequence, nonligated hemi
probes will not be exponentially amplified and will
not generate a signal. One of the two oligos presents a
stuffer sequence of variable length (19-370 pb, 3 pb
increments) specific for each probe. This stuffer
sequence is responsible for the different size of PCR
products (between 130 and 481 bp). The specific
amplification products size allows identifying them
by capillary electrophoresis.

33.3.1 Reagents

* MLPA kit (MRC-Holland): the kit contains SALSA
MLPA buffer, SALSA Probemix solution,
Ligase-65, Ligase-65 buffers A and B, SALSA PCR
buffer, SALSA PCR Primer mix (universal PCR
primer pair+dNTPs), SALSA Polymerase, and
SALSA Enzyme dilution buffer

* Highly deionized formamide (Applied Biosystems,
cat No. 4311320).

o Labeled size standard ROX, TAMRA, D1-500, or
LIZ-500 (GeneScan, Applied Biosystems, cat No.
4322682)

* Suitable gel separation matrix for MLPA (Applied
Biosystems: POP4, suggested, or POP7)

33.3.2 Equipment

e Thermocycler with heated lid

e Vortex

e Automatic pipettes. Range: 0.2-1 pL, 1-10 uL,
10-20 puL, 100-1,000 pL

e 1.5 mL microcentrifuge tubes

* 0.2 mL tubes or PCR plates

e Capillary Sequencer with fragment analysis soft-
ware (GeneMapper software package of Applied
Biosystems or GeneScan of BIOMED-2-GS)

e Coffalyser MLPA-DAT software (MRC-Holland)/
MLPA-Vizard (Austrian Research Centres) software
for neuroblastoma kits

33.3.3 Method

33.3.3.1 MLPA Reaction

* Add 5 pL of DNA working stock to each tube or
water for negative control. Spin the tubes briefly in a
centrifuge to collect the sample DNA at the bottom*®

e Place the tubes in the thermocycler and start the
denaturation for 40 min at 98°C and cool the sam-
ples at 25°C.7

* Make a mix of 1.5 pL. of MLPA buffer and 1.5 pL.
of the Probemix solution for each reaction. Vortex
briefly.

* Once the samples have reached 25°C add 3 pL of
the mix to each tube and mix well.

e Incubate the samples at 95°C for 1 min and allow
them to hybridize for 16 h at 60°C.®

* Prepare the ligase mix: 25 uL. dH,0 + 3 uL of buffer
A+3 pL of Buffer B+1 pL of Ligase 65 for each
reaction. Vortex with care.’

e At 54°C pipette 32 uL of the ligase mix to each tube
and mix well. Incubate for 15 min at 54°C, followed
by 5 min at 98°C and hold at 4°C.

* Prepare the PCR buffer mix by mixing: 2 pL of
PCR buffer and 3 pL of dH,O for each reaction.
Add 5 pL of the mix to each of the clean tubes.

* Add 15 pL of the ligation product to each clean tube
and mix it by pipetting. Spin the tubes briefly to make
sure that all the mix remains at the bottom. Place the
tubes on a preheated thermocycler (60-72°C).

e Prepare the PCR master mix: 1 pL. primer mix+ 1 pL.
enzyme dilution buffer+2.25 ul. dH,O for each
reaction. Prepare it on ice and mix well by pipetting
up and down.

6Sample volumes should not exceed 5 pL.

’Some contaminants like ions or salts can cause low denaturation

efficiency. Incomplete DNA denaturation results in low signal
of probes located close to CpG islands. We recommend
extending the first MLPA denaturation step up to 40 min when
using DNA from FFPE samples to be sure that the DNA
denaturation is complete.

8The hybridization time can be anywhere between 12 and 24 h.
The hybridization of probes to their targets should be nearly
complete after 12 h. A hybridization time between 16 and 18 h
is recommended.

“When performing MLPA on large sample numbers, multichannel
pipettes are recommended.
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* Add 0.25 pL of polymerase for each reaction and
mix it well.

* AddS5 pL of the PCR mix to each tube and start the
PCR as soon as possible.!°

} 35 cycles

33.3.3.2 MLPA Capillary Electrophoresis

PCR programme
95°C for 30 s

60°C for 30 s
72°C for 60 s

72°C for 20 min
4°C hold

Amplification products must be identified and quanti-
fied by capillary electrophoresis on a genetic analyzer.

e The amount of the MLPA PCR reaction required
for analysis by capillary electrophoresis depends
on the instrument and fluorescent label used (set-
tings details are available in www.mlpa.com in
the support section under technical MLPA proto-
cols). The following specifications are applicable
when using ABI 3730 DNA analyzer (Applied
Biosystems):

* Mix 1-3 pL of the PCR product+0.044 pL internal
size standard+5 pL of formamide on a plate.
Incubate the mix for 2 min at 80°C, and hold at 4°C
for 5 min. Place the injection plate in your capillary
device and run the appropriate run module. The
electrophoresis conditions are:

— Initial injection voltage: 1.6 kV
— Initial injection time: 20 s

e Peak pattern evaluation: MLPA fragment data gen-
erated on ABI 3730 are visualized using a data
analysis software as GeneMapper software pack-
age (Applied Biosystems) or GeneScan (BIOMED-
2-GS). Each MLPA probemix contains nine control
fragments (Q-fragments, D-fragments, X- and
Y-specific fragments). Q-fragments serve as a DNA
concentration check. Since they are not sample
DNA-dependent, when too low DNA concentra-
tion is used, their amplification products will be
visible at 64, 70, 76, and 82. However their peak

"Minimize time between creating the polymerase mix and
starting the PCR reaction to avoid the primer—dimer formation
(large 50 bp peak).

size will be barely visible when more than 100 ng
of DNA is added. D-fragments differ from the
Q-fragments as they are sample DNA and ligation
dependent. Thus, their small amplicons of 88, 92,
and 96 nt length will be present when denaturation
and ligation have been successfully completed.
Chromosome X and Y probes, at 105 and 118 nt,
can be used for sex determination and to locate
possible sample switch. A comparison between the
experimental peak pattern and that of reference
samples will indicate which sequences show aber-
rant copy numbers (Fig. 33.2).

33.3.3.3 MLPA Data Analysis

Data analysis is performed with the Coffalyser
MLPA-DAT software (MRC-Holland, Amsterdam,
the Netherlands) to provide a reliable normalization
for MLPA fragment data files (Fig. 33.3). The software
generates the normalized peak value or the so-called
probe ratio. To analyze neuroblastoma kits, the MLPA-
Vizard (Austrian Research Centres) software has been
used by the European Neuroblastoma Quality Assessment
(ENQUA) Group [11].

33.3.3.4 Result Interpretation

MLPA interpretation enables the detection of struc-
tural aberrations (amplifications and segmental chro-
mosomal aberrations like gains and losses) as well
as numeric chromosome changes. Probe ratios below
0.7 or above 1.3 are regarded as indicative of a
heterozygous deletion or duplication, respectively,
according to manufacturer’s instructions. To deter-
mine whether the produced ratios are reliable, suffi-
cient knowledge about the MLPA technique and the
studied application is essential. Our experience in
neuroblastoma kits shows that these ratios are 0.75
and 1.25, respectively.

To define the genetic profile of the tumors we fol-
low the definitions described by the INRG Biology
Committee [11]. Table 33.1 summarizes the most
frequent chromosome and gene status analyzed by
MLPA in neuroblastic tumors.

Two cases of neuroblastoma tumor analyzed by
MLPA Vizard are shown as examples (Fig. 33.4).
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Fig. 33.2 Representation of different peak patterns visualized
with Genemapper software. (a) MLPA product separation from
a reference sample. In each experiment, at least three DNA
samples isolated from healthy tissue donors must be included as
references. The red arrow points to the four DNA quantity con-
trol fragments (Q-fragments) and the green arrow to the DNA
and ligation-dependent fragments (D-fragments). Maximum

33.3.4 Troubleshooting

e Problems in MLPA data normalization: in order to
get an adequate data normalization it is important
to reduce the experimental variations, analyze only
samples that have been extracted by the same
method and run within the same experiment.
Adding the same amount of DNA is also recom-
mended. Using at least three references samples in

height dye signals around 10,000. (b) MLPA product separation
from a neuroblastoma tumour with NAG (three probes), MYCN
(two probes), and DDX (four probes) gene amplification.
Maximum height dye signals around 30,000; for this reason, the
peaks of other analyzed genes are not evident and are near the
base line

each run is strongly recommended; references
should preferably derive from the same type of
tissue as the probe of study and thus minimize
variation.

e Primer-dimer formation: in order to avoid them,

the PCR should start as soon as possible after
addition of the polymerase mix to the samples. In
case large numbers of samples are tested, prepare
the PCR reaction on ice. After addition of the
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Fig. 33.3 (continued)

Table 33.1 Terms and definitions of chromosome aberrations
analyzed by MLPA in neuroblastic tumors

Q-fragments: detection of the DNA Quantity con-
trol fragments indicates that low or no DNA was

Stafus used or that ligation failed. Repeating the PCR with

Description

Gain Unbalanced ratio (low signal excess) higher amount of DNA or repeating the ligation
betyveen the signals of the chromosomal should solve the problem.
region of interest and the reference . Tool K si I ino the PCR |
signals of the chromosomal region of 00 low pea ) Signa : nereasing the C}.]C_es up
interest to 40 and/or increasing the amount of the injected
Amplification Unbalanced ratio (high signal excess) PCR Pmdua will reS.mt mn .an 1mprovefl peak signal.
between the signals of a gene and all If no improvement is noticed, checking the DNA
other probes located on the same quality is recommended.
chromosome * DNA quality problems: when using DNA samples
Deletion Unbalanced ratio between the signals of of uncertain quality it is recommended to add less

the chromosomal region of interest and
the reference signals o

DNA amount to get better results.

Low size standard peaks: one of the most frequent
reasons is the deterioration of the gel used for
capillary electrophoresis, especially after pro-

polymerase mix to the last sample, the PCR
reactions should be transferred to a preheated
thermocycler (60—72°C) and the PCR should be
started immediately.

For large number of samples, the use of multichan-

longed exposure to temperatures over 25°C.
Remove the gel from the instrument after use and
store it at 4°C.
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from FAECC.

nel pipettes is suggested in order to reduce the time
required to start the PCR.
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Fig. 33.4 Graphic results obtained using the MLPA-Vizard
(Austrian Research Centres) software and neuroblastoma probe-
mixes P251, P252, and P253, in two different cases of neuroblas-
toma tumor. (a) Case with numerical chromosomal changes (+2,
+4, +7, 49, +12, +17). (b) Case with segmental chromosomal
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34.1 Introduction and Purpose

In Situ Hybridization (ISH) is a powerful technique for
localizing specific nucleic acid targets directly in the fixed
tissue or cells. Currently, two main methods are used to
visualize DNA and RNA targets in situ: Fluorescence In
Situ Hybridization (FISH) and Chromogenic In Situ
Hybridization (CISH). In this chapter the FISH method is
described. In particular, the following FISH protocol pro-
vides a methodology for analyzing the cytogenetic altera-
tions in formalin-fixed-paraffin-embedded (FFPE) tissue
sections. The critical steps include deparaffinization of tis-
sue sections, optimal pretreatment (target retrieval and
protein digestion), and probe hybridization. The technique
requires 2 days, as an overnight incubation of the FISH
probes is needed for optimal hybridization. Approximately,
2-3 h of bench work is involved each day' [1-5].

34.2 Protocol
34.2.1 Reagents

Note: Reagents from specific companies are reported
here, but reagents of equal quality purchased from
other companies may be used.

Xylene (Merck)

e Absolute Ethanol (Merck). Prepare 70% and 85%
dilutions from the absolute ethanol. They can be reused
up to 2 weeks if stored in well-sealed containers

'FISH (and CISH) can also be performed using automated slide

staining systems, such as the BenchMark ULTRA system by
Ventana Medical Systems (http://www.ventanamed.com/) or
the Hybridizer by Dako (http://www.dakousa.com/).
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e 1x Pretreatment buffer. Add 5 ml of 10x target
retrieval solution (DAKO) in 45 ml of distilled water

e Phosphate buffer saline (PBS). Dissolve 8 g of
NaCl, 1.43 g of N,HPO,-2H,0, 0.2 g of KClI, and
0.2 g of KH,PO, in 1 1 of distilled water. Adjust pH
to 7.5. Store at 4°C

e Proteinase K 10 mg/ml (stock solution). Dissolve
50 mg proteinase K (Sigma-Aldrich) in 5 ml of PBS
buffer. Store at —20°C in aliquots of 0.25 ml

e Digestion solution. Add 0.25 ml of stock solution of
proteinase K in 50 ml of PBS at 37°C. Prepare 15
min before use and discard after use

e 20x SSC buffer (Sigma). We use the commercially
available solution. The noncommercial version is
reported in Chapter 23

e 2x SSC buffer solution. Mix 30 ml of 20x SSC buf-
fer with 270 ml of distilled water. Store at room
temperature up to 6 months

e 10% buffered Formalin (VWR International)

e Fixogum (Marabu GmbH)

° 2% SSC/NP-40 0.3% posthybridization buffer. Add
0.3 ml solution of NP-40 (AppliChem) to 100 ml
2% SSC buffer solution. Store at room temperature
up to 6 months

* Probe/probe mix: DNA commercial probes are
supplied ready for use or concentrated and must be
diluted following the manufacturers instructions.
We usually perform FISH using POSEIDON
Repeat-Free probes (Kreatech Biotechnology,
Amsterdam, the Netherlands), LSI probes (Vysis,
Abbot Molecular, Wiesbaden, Germany), and
FISH DNA probes (DAKO DENMARK, Glostrup,
Denmark).

34.2.2 Equipment

* Automatic pipettes. Range:
10-20 ul, 100-1,000 pul

*  Microtome

e Coplin jars

e Timer

e Bath at 37°C and 72°C

e Thermometer

e Incubator

* Vortex

e Centrifuge suitable for 1.5 ml tubes

1-2 pl, 2-10 pl,

* Hybrite, Thermobrite or hotplate (with accurate
temperature control up to 95°C)

e Fluorescence microscope equipped with 63x or
100x objectives and suitable filters (DAPI, FITC,
Texas Red or Rhodamine) to view probes signals

34.2.3 Method

34.2.3.1 Sections

Tissue sections (1 section/ probe) of 3—5 um thickness
are cut and transferred to polylysine-treated slides.
Sections are then dried overnight in an oven at 60°C.

34.2.3.2 Deparaffinization

Immerse the tissue sections in a coplin jar containing
50 ml of xylene for 10 min. This step is repeated twice
with new xylene followed by absolute ethanol wash for
10 min. The latter is also repeated with two washes of
fresh ethanol. The sections are hydrated for 5 min each in
decreasing concentrations of alcohol (85%, 70%).
Incubate them in distilled water for 5 min in a coplin jar.

34.2.3.3 Pretreatment (Heat-Induced Epitope
Retrieval, HIER)

Transfer the slides to a coplin jar with the pretreatment
buffer and place it into the pressure cooker, closing the
pressure cooker lid. As soon as a 1.5 atm pressure is
reached, wait for 3 min. Turn off the pressure cooker
and depressurize it slowly (see manufacturer’s recom-
mendations). Open the lid and cool the sections in run-
ning tap water for 20 min. Incubate the slides in
distilled water for 5 min.

34.2.3.4 Protein Digestion

A coplin jar with PBS solution is prewarmed in a water
bath at 37°C 30 min prior to use. An amount of 0.25 ml
of proteinase K stock solution is pipetted into the cop-
lin jar just before use. The sections are digested for a
total of 15 min followed by washing them using 50 ml
of 2x SSC buffer to arrest the proteolytic action.
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34.2.3.5 Prehybridization

The tissue sections are air dried for 10 min. Fix the tis-
sue sections in 10% buffered formalin for 10 min and
wash them for 5 min with 50 ml of 2x SSC.

The subsequent steps are carried out in the dark to avoid
loss of probe fluorescence.

34.2.3.6 Concomitant Codenaturation
and Hybridization??

Prepare the fluorescent probe mix for each tissue sec-
tion according to the manufacturer’s instructions.
Ten microliter of probe mix is applied on the tissue
area, covered with plastic slip, sealed with Fixogum,
and air dried for about 5 min. Tissue sections
are denatured for 4 min at 90°C and subjected to
overnight hybridization at 37°C in a humidified
incubator.

34.2.3.7 Posthybridization Wash*

This step involves two posthybridization washes; one
at room temperature and the other in water bath at
72°C. Coverslips are removed and tissue sections are
incubated in posthybridization wash solution in a cop-
lin jar first at room temperature for 5 min and subse-
quently at 72°C for 2 min in a water bath. Sections are
air dried for 10 min.

Counterstaining of the tissue sections is performed
using 10 pl of DAPI/Antifade. The sections are cover-
slipped and sealed with Fixogum. The slides are stored
momentarily at 4°C for 30 min before observation at
the fluorescence microscope.

2Probes and counterstain vials must be stored in the dark. We
recommend working without direct light to avoid loss of probe
fluorescence.

SWARNING: DNA probes and hybridization buffers contain
formamide, which is teratogen. Do not breathe or allow skin
contact. Wear gloves and a lab coat when handling DNA
probes.

‘WARNING: DNA probes and DAPI counterstain contain
formamide which is teratogen. Do not breathe or allow skin
contact. Wear gloves and a lab coat when handling DNA probes
and DAPI/antifade counterstain.

34.2.3.8 Interpretation of Results

The FISH scoring is performed independently by at
least two investigators. At least 200 nonoverlapping
nuclei/core should be scored to achieve optimal evalu-
ation. We recommend analyzing the sections at multi-
ple focal planes to ensure the visualization of all
signals. A simplified scoring system enables to group
the cells, based on their pattern of FISH signals, into
distinct categories in normal tissues and tumor sam-
ples. In addition, it also helps to differentiate true chro-
mosomal aberrations from false positives.

Here are described two scoring schemes that can be
used for evaluation of cytogenetic aberrations such
as gene disruption (translocation) and gene-specific
deletions.

1. Scoring scheme for gene rearrangement using
break-apart FISH probe [6, T].
The “dual-color break-apart gene rearrangement
(translocation) probe” is a mixture of two DNA
FISH probes. One of them extends distally telo-
meric from the target gene (i.e., labeled in green),
while the other flanks the centromeric region (i.e.,
labeled in red). Tissues not harboring the gene rear-
rangement exhibit a pair (red and green) of fused or
tightly colocalized signals, while a rearrangement
of the gene is indicated by split signals separated by
a distance equivalent to three signals. The total
numbers of paired and unpaired signals are enumer-
ated for each sample. The FISH scoring scheme
defines different groups, represented by the differ-
ent possible planes of section of cell nuclei and the
resulting nuclear fragments for break-apart FISH
probes (Fig. 34.1). Group 1 has two paired signals,
representing cells without gene rearrangement
(Fig. 34.1a). Group 2 has only one paired signal,
signifying either normal cells with loss of one copy
of paired signals due to nuclear truncation
(Fig. 34.1b from normal cells) or monosomy of the
chromosome under study. However, group 2
includes tumor cells with true gene disruption dis-
playing one paired signal with loss of the unpaired
signals (derivatives) due to sectioning of the nuclei
(Fig. 34.1b from tumor cells). Group 3 is composed
of tumor cells showing true gene disruption
(Fig. 34.1c—e). The presence of centromeric signal
(i.e., labeled in red), situated proximal to the break-
point, is considered a reliable indication of the
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Normal cells

Tumour cells

Fig. 34.1 Schematic representation of the scoring scheme displaying different possible signal patterns that could arise due to trun-

cated nuclei in a tissue section

derivate chromosome. Group 4, containing one
paired signal and one telomeric signal (i.e., labeled
in green) (Fig. 34.1f), also indicates a likely gene
rearrangement; some of them could represent true
gene disruption but others may not, as the gene
break-apart probe can neither detect the other
derivative chromosome nor localize the telomeric
end if it is translocated to any other chromosome.
Group 5 represents gene disruption associated
with increased paired and unpaired signals
(Fig. 34.1g). The percentage of groups 3, 4, and 5
are summed to obtain the total number of tumor
cells exhibiting gene rearrangement. Translocation
is diagnosed in cases with 260% of cells with
genetic aberrations. For cases with less than 60%
of cells with disruption, we calculate the differ-
ence between the sum of groups 3 and 5 and the
sum of groups 2 and 4. We consider a sample posi-
tive for gene rearrangement when the difference is
more than 15%.

2. Scoring scheme for evaluation of gene deletions/
amplifications using chromosome enumeration
probes (CEP) and locus-specific probes [5, 6, 8, 9].
The “cocktail DNA probes” are composed of a mix-
ture of a reference or CEP probe (as a chromosomal
centromere), indicating the status of chromosome,
and a gene specific probe for detection of gains,
amplifications, or deletion of gene or genomic loci.
In the example shown below (Fig 34.2), the normal
cell should have a pair each of red (gene-specific
probe) and green (centromere or CEP probes) sig-
nals, while a cell with gene deletion should display
either one red signal and two green signals if the
deletion is heterozygous (HT) or absent red signals
and two green signals if the deletion is homozygous

(HM). The FISH scoring scheme applied for tumor
cells harboring gene deletions defines the following
groups of cells:

Group 1: Cells without any gene alteration pos-
sessing the same number of CEP/gene-
specific signals (Fig 34.2a and e);

Group 2: Cells with possible gene deletion, having
altered numbers of CEP/gene-specific
signals (Fig 34.2c, d and f);

Group 3: Cells with cutting artifacts, including
nuclear fragments generated from sec-
tioning of the nuclei; these display less
CEP signals compared to gene-specific
signals in case of gene amplifications or
gains; more gene-specific signals com-
pared to CEP signals in case of gene dele-
tion or imbalance (Fig 34.2b).

The net percentage of cells with genetic alteration
(group 4) is obtained by subtracting the total percent-
ages of cells with cutting artifacts (group 3) from the
cellular population belonging to group 2, thus elimi-
nating all possible false positives. We consider a
tumour to be positive for a particular genetic alteration
when the percentage of tumour cells in group 4 is more
than 15% (mean+3SD).

Table 34.1 details the FISH criteria for genetic
alterations and chromosomal anomalies for some
genetic markers [10]. A FISH scoring scheme can be
defined as above for each situation.

34.2.3.9 Recommendations

e Single band-pass filters are used for individual
color visualization (DAPI, FITC, Texas Red,
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Group 1: No Del

a

Group 3: No Del (cutting artefacts)

b

Group 2: Possible HT Del

Group 2: Possible HM Del Group 1: Possible polisomy

< &P D

Group 2: Possible monosomy

f

Fig. 34.2 Schematic representation of different patterns of FISH signals arising due to nuclear truncation observed in tumors with

and without gene deletions

Table 34.1 Recommendations for the terminology and definitions of the molecular genetic results that have been formulated for
neuroblastic tumors by the ENQUA group [10]

Status
MYCN No amplification

Gain

Amplification
1p36 No deletion
Imbalance
Deletion
17q No gain

Gain

Description

Same number of gene signals and control probe signals

Number of gene signals is between one and four times higher than the number of control
probe signals
Number of gene signals is four times higher than the number of control probe signals

Same number of 1p36 region signals and control probe signals

Less signals (but minimum two) of 1p36 region than control probe signals
One signal from 1p36 region with at least two control probe signals

Same number of region signals and control probe signals

Number of region signals is between one and four times higher than the number of control
probe signals

Aqua, Gold,...), whereas dual band-pass filters 34.2.4 Troubleshooting
(FITC/Texas Red) may be used to view multiple

colors e Temperature and buffer concentration (stringency)
e The use of a thermometer is strongly recommended of hybridization and washing are important. Lower
for measuring temperatures of solutions, water stringency can result in nonspecific binding of the
baths, and incubators, because these temperatures probe to other sequences, whereas higher stringency

are critical for optimum product performance. can result in a lack of signal.
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e Lack of signal could be due to an incomplete dena-
turation of target DNA. So repeat the process
increasing the temperature or time of hybridization.

e Broken small signals could be due to an overdena-
turation or overdigestion of target DNA. In this
case, repeat the process decreasing the temperature,
the time of digestion, or the time of hybridization.

e If excessive background appears after detection,
repeat posthybridization wash and counterstain
steps.

e If nuclei appear silver with blue filter (DAPI) and
no signals are detected, probably the quality of the
tissue is low and consequently the hybridization is
not possible.
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as tumor stage, pattern of metastases, clinical lymph
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have strong implications on therapy selection. Lately, it
has been suggested that these “classic” parameters can
and should be complemented by molecular high-
throughput methods to further improve the basis of tar-
geted or individualized therapy of cancer.
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35.2 Clinical Applications

In recent years, numerous gene expression microarray
studies have revealed clinically relevant information
about tumor biology and correlated gene expression
signatures with tumor behavior, such as response to
chemotherapy and prognosis of patients [1-9]. Large
prospective studies such as MINDACT and TAILORx
are currently being conducted to test whether molecu-
lar profiling can contribute to a refined diagnosis, for
example, of breast cancer and help to stratify breast
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The differential diagnosis of hematological malignan-
cies can be very tricky. A landmark study including gene
expression profiling with DNA microarrays as an exten-
sion of histopathological classification has shown the
possibility to differentiate between acute myeloid leuke-
mia (AML) and acute lymphoblastic leukemia (ALL)
and to improve the precision of prognosis prediction [10].
More recently, it has been shown that using oligonucle-
otide microarrays, 12 clinically relevant subtypes of leu-
kemia can be recognized and be distinguished from
nonleukemia with an accuracy of 95% [11].

Cis-platinum (cDDP) resistance was shown by
microarray analysis to be accompanied with altered
expression of genes coding for membrane proteins and
a glycoprotein hormone subunit [12], not previously
known to play any role in cDDP resistance. This opens
the possibility to predict cDDP efficiency.

In an excellent study by Zembutsu et al. [13], 85
human cancer xenografts were tested with regard to
characteristic expression profiles in response to 9 anti-
cancer drugs often used in clinical therapy. The expres-
sion profile of more than 1,500 genes has been correlated
in some way with chemosensitivity. The authors identi-
fied sets of genes which could partly be associated with
chemosensitivity of particular tumor types (colon,
breast, NSCLC, etc.) to the different drugs applied.

In addition, bone marrow samples from 19 patients
with ALL were investigated with regard to resistance
to an ABL tyrosine kinase inhibitor [14]. On the basis
of 95 differentially expressed genes, it appeared to be
possible to distinguish responder from nonresponder.
Raponi et al. [15] showed the possibility to detect the
pathways modulated by inhibitory drugs in AML elu-
cidating the mechanisms of drug action.

A further step toward clinical application was pub-
lished by our group in 2005 [16]. A gene expression
signature was derived by comparing doxorubicin-resis-
tant and -sensitive cell lines and applied to a group of 44
breast cancer cases described by Sorlie et al. [4] show-
ing a correlation with overall survival of the patients.

Although a number of experiments still have to be
conducted, it might become possible to predict
chemoresistance and to avoid noneffective drugs and
unnecessary side effects for the patients. The discrimi-
nation between responders and nonresponders prior to
therapy will further stimulate the development of an
individualized therapeutic strategy with a personalized
combination of drugs.

Recently, two independent groups have published
gene expression signatures that refine the histological
grade classification of breast cancers. By comparing

G3 with G1 breast cancers, Sotiriou et al. [17, 18] have
identified a signature of 242 probe sets (‘“‘genomic
grade signature”), while Ivshina et al. [19] have identi-
fied signatures of 6 (“SWS genetic grade signature”)
and 18 (“PAM genetic grade signature”) probe sets.
These signatures have been shown to stratify G2 breast
cancers in two subgroups with different prognosis.

Most of the gene expression studies cited above are
based on RNA extracts from frozen tissue samples that
were collected during cancer surgery. Exemplified for
frozen breast cancer biopsies it was shown that
microarray-based gene expression profiling is feasible
and helps to uncover important properties of tumor
biology [20-22]. However, due to the fact that frozen
tissue samples are hardly available in routine diagnos-
tic and therapeutic workflows in the vast majority of
hospitals these studies are of limited value for most
cancer patients. It would be of great advantage to per-
form the full spectrum of molecular diagnostics using
routinely collected FFPE tissue.

35.3 Basics on the FFPE Technologies

For most of the molecular methods, including expres-
sion profiling with microarrays, it is standard to use
fresh or frozen tissues as RNA source. These samples
usually have a high quality of nucleic acid preserva-
tion. By contrast, formalin fixation produces signifi-
cant chemical modifications of the RNA which depend
on fixation conditions such as the quality of formalin,
exactness of buffer concentration, etc. size of the sam-
ples, and time in the fixation solution [23]. First and of
crucial importance, fixation conditions such as forma-
lin concentration, temperature, and incubation time
should be kept as uniform as possible. We have recently
worked on protocols that would allow the standardized
collection and handling of biospecimens in the context
of translational research in clinical trials [24].

During the last few years, different manual proto-
cols for RNA extraction from FFPE tissue have been
developed with various results. Most of the protocols
use a similar approach including deparaffinization, cell
disruption, release of RNA by proteinase K as well as
RNA extraction using silica columns or beads and cha-
otropic salts. However, the differences between FFPE
samples from different tissue types compromise the
standardization of RNA extraction protocol. Thus, the
use of the existing methods in a routine laboratory and
for high-throughput analyses is difficult and labor-
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intensive. Therefore, RNA extracts from FFPE tissues
can be of suboptimal quality and it appears to be diffi-
cult to compare between samples and to ensure stan-
dardization. Recent studies have reported that only
25-55% of unselected FFPE cancer samples aged
1-8 years provided RNA of sufficient quality for suc-
cessful gene expression analysis with microarrays [25,
26]. On the other hand, integration of frozen tissue col-
lection in the diagnostic interdisciplinary workflow is
severely hampered by logistic problems, e.g. availabil-
ity of liquid nitrogen as well as transport issues, slicing
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Fig. 35.1 Comparison of the gene expression profiles of 24
ER+ and ER- breast cancer biopsies. ESR1 as well as the four
genes AFF3, GATA3, MAGED2, and TRPS1 are differentially
expressed at high significance level (p < 0.00001). (a), (c—f) The
expression levels of these genes in the 24 biopsies. (b) Clustering

and manufacturing of the frozen tissues, etc. Further,
taking small diagnostic biopsies or core needle biopsies
is an invasive procedure which delivers limited amounts
of biomaterial that preferably should not be subdivided
into frozen and paraffin-embedded tissue parts.
Recently, several RNA extraction techniques suit-
able for profiling genes in FFPE tissue samples [27]
and FFPE core biopsies [28] have been described. We
are currently evaluating the performance of microarray
hybridizations with RNA extraction from FFPE breast
cancer biopsies (Fig. 35.1). Difficulties connected with
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of the biopsies with respect to the five genes reproduces the
result for ER receptor status from immunohistochemistry with
high accuracy. Conflicting results arise only for a single
ER-positive biopsy (A24) that clusters together with the immu-
nohistologically ER-negative biopsies
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the limited amount of biomaterial were overcome with
an amplification procedure that has been validated
before [29]. RNA was extracted from two 10 um sec-
tions of the FFPE core needle biopsies, amplified with
PCR, and further processed for hybridization to
Affymetrix GeneChip. A first check of diagnostic
quality was performed by comparing ER and the HER2
transcripts with state-of-the-art IHC results. A high
level of concordance was observed when comparing
ER-positive and ER-negative biopsies (Fig. 35.1a,
p<0.00001, Welch’s t-test). Second, 346 differentially
expressed genes could be identified from ER-positive
and ER-negative FFPE biopsies. A high proportion of
these genes (63%) could be confirmed by an indepen-
dent gene expression study where frozen tissue sam-
ples were used as RNA source. A heatmap of the five
most significant differentially expressed genes is
shown in Fig. 35.1b. Further validation studies and a
detailed publication are on the way.

Recently, another high-throughput method for gene
expression profiling has become feasible in FFPE by the
use of the cDNA-mediated Annealing, Selection, exten-
sion and Ligation (DASL) assay (Illumina, San Diego,
CA), which allows profiling randomly fragmented
mRNA extracted from FFPE tissue. Briefly, fragmented
FFPE-RNA is converted into cDNA using random prim-
ers. For each target site on the cDNA, a pair of query
oligos separated by a single nucleotide is annealed to
the cDNA, and, the gap between the query oligos is
extended and ligated to generate a PCR template.
Universal PCR primers are then used for amplification,
and linearly amplified PCR products are hybridized to a
bead microarray, which is then scanned by a BeadArray
Reader (Illumina, San Diego, CA) [30].
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The identification of differentially expressed proteins
may elucidate possible molecular alterations regulating
the progression of a disease and define some useful bio-
markers for better diagnosis and improved therapies.

In a tissue sample a complex mixture of thousands
of proteins that greatly differ in their physiochemical
and biological properties are typically present. Clinical
tissue samples (i.e. archive tissues) represent a com-
plete source of protein expression profiles associated
with diseases such as cancer.

Tissues of bioptic or surgical origin are routinely
formalin fixed and paraffin embedded (FFPE) in every
hospital in the Department of Pathology. After few sec-
tions are cut for the histopathological examination, the
tissues are stored for decades in the hospital archives.

Molecular analysis performed using archive tissues
represents an important resource, especially because
these tissues maintain a strong correlation with the
clinical behaviour of the disease, such as resistance to
chemotherapeutics, recurrences, etc. However, pro-
teomics studies on FFPE samples are impaired due to
the formalin fixation cross-links of proteins, making
protein investigations more difficult. Nevertheless,
FFPE tissue specimens have gained attention and sev-
eral studies have focused on this subject. Successful
protein extraction was done by a number of authors
using different tissue types and moreover, these meth-
ods have also been extended to samples fixed with
formalin-free solutions [1-27]. Very recently, success-
ful protein extraction even from over-fixed and long-
term stored formalin-fixed tissues was reported [28].

The following chapters are dedicated to extraction
and analysis of proteins isolated from archival tissues
and report the general methods that can be applied to
proteins extracted from archive tissues treated with con-
ventional formalin as well as from samples fixed with
some new commercial protein-preserving fixatives.

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues, 241
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36.1 Protein Handling and Management

36.1.1 Sample Preparation

Appropriate sample preparation is essential for good
proteomic results [29-31]. Due to the great diversity of
protein sample types and origins, the optimal sample
preparation procedure will result in the complete solu-
bilization, disaggregation, denaturation, and chemical
reduction of the proteins in the sample. Postextraction
chemical modification, such as enzymatic or chemical
degradation of the proteins, should be avoided by
maintaining the samples on ice during the experiments
and using, for example, chilled solutions. Interfering
molecules such as nucleic acids, polysaccharides, lip-
ids, salts, and other particulate material must be
removed by protein precipitation (for example, using
trichloroacetic acid (TCA), TCA/acetone or by “salt-
ing out” procedure), as described in the related chap-
ter. Moreover, during cell disruption hydrolytic
enzymes, especially proteases, can be released and
activated. In order to prevent their activity, solubiliza-
tion of proteins in a strong denaturing environment and
the use of protease inhibitors are suggested.

36.1.2 Protein Storage

Proteins need to be put rapidly at low temperature to
avoid proteolysis and protein degradation. All the
experimental steps should be performed at low tem-
perature; you should keep the sample on ice as long as
possible and use chilled solutions.

The extracted proteins can be stored for up to
1 week at 4°C. For longer-term storage, aliquot the
extracted proteins and store at —80°C, avoiding
repeated freeze—thaw cycles.

36.1.3 Protein Management

Contamination by keratin could be a problem in pro-
teomics [32]. Careful sample handling is important,
because everything in the environment is a potential
source of keratins, especially the operator’s skin cells
and hair. In order to minimize keratin contamination

during the experiment, be careful to reduce the expo-
sure of all equipment and supplies to primary sources
of keratins, such as skin, hair, clothing, but also dust
and particulates. Wearing a clean lab coat and handling
all materials with powder-free nitrile or vinyl (no latex)
gloves is necessary in order to ensure a keratin-free
environment. The reagents should be prepared in a
laminar flow hood and it is recommended to limit
exposure of reagents to open laboratory environment
as much as possible. All the solutions should be fil-
tered and stored in well-cleaned containers. Wash all
glass plates thoroughly with detergent and finally with
70% ethanol prior to casting an SDS-PAGE gel and
use clean plastic or glass gel containers.
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37.1 Introduction and Purpose

The Qproteome FFPE Tissue Kit (Qproteome FFPE
Tissue Kit, QTAGEN, cat No. 37625) is used for extract-
ing full-length proteins from unstained FFPE tissues.!
Extraction efficiency is comparable to that seen in fro-
zen tissues, and the extracted proteins are suitable for
several downstream applications, such as western blot
or protein array analysis [1, 2].

FFPE tissue samples cut directly from an FFPE
sample block or unstained FFPE sections mounted on
amicroscope slide (e.g., sections from a series of FFPE
tissue sections that could be used for histological or
immunohistological analysis but have not been stained,
for example with hematoxylin/eosin) are the most suit-
able starting material for protein extraction.

Two variants of the extraction protocol are available,
according to the starting material. The first one is used
with unstained FFPE sections mounted onto a micro-
scope slide, while the second one is required for
samples cut directly from a block. The former is the
method of choice and should be preferred when possi-
ble, because the deparaffinization is improved. His-
tological stains can decrease the yield of the extracted
proteins. For better results a guided protein extraction
method may be used, which consists of an adjacent
hematoxylin/eosin-stained tissue section to control dis-
section of an unstained specimen for subsequent pro-
tein extraction and quantification [3]. This is just one of
the commerecial kits available for protein extraction. Of
course you can find other available commercial kits for
this kind of extraction in several companies’ websites.

'For more details, see the QProteome FFPE Tissue Handbook,
QIAGEN.
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37.2 Deparaffinization and Protein
Extraction from Slide-Mounted
FFPE Sections

37.2.1 Reagents

* Xylene

e 100%,* 96%, 70% ethanol (vlv, in distilled water)

e QProteome FFPE Tissue Kit (QIAGEN, cat. No.
37623)

* Reagents required for the preparation of the SDS
PAGE (see Chap. 41)

* Reagents for quantification (e.g., Bio-Rad DC
Protein Assay Kit, cat. No. 500-0111 or Pierce
Micro BCA Protein Assay Kit, cat. No. 23235)3

37.2.2 Equipment

*  Microtome

o Staining dishes for deparaffinization of FFPE sections

e Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1000 pl

*  Microcentrifuge (with rotor for 1.5 ml tubes)

e Vortex

*  Water bath

*  Thermomixer

o Equipment required for the preparation of the SDS
PAGE (see Chap. 41)

37.2.3 Method

37.2.3.1 Sample Preparation

e Cut 5-10 pm-thick sections using a microtome. If nec-
essary, perform microdissection (see Chaps. 4 and 6)
and perform deparaffinization directly on the slides.

2100% isopropanol could also be used instead of ethanol.

3Other quantification methods can be used, such as the Bradford

one (Bio-Rad Protein Assay Kit II, cat. No. 500-0002), the EZQ
Protein Quantitation Kit (Molecular Probes Invitrogen, cat. No.
R33200), or Quant-iT Protein Assay Kit (Molecular Probes
Invitrogen, cat. No. Q33211).

“The paraffin blocks should be kept at —20°C or on dry ice in
aluminum foil to obtain thin sections. Clean the microtome with
xylene after each cutting.

37.2.3.2 Deparaffinization

e Transfer the sections to a staining dish containing
fresh xylene. The slide should be completely cov-
ered. Incubate for 10 min at room temperature (15—
25°C). Xylene washes should be performed in a
fume hood. Repeat this step twice, using fresh
xylene each time.

e Transfer the slide to a staining dish containing fresh
100% ethanol’® for 10 min at room temperature (15—
25°C). Repeat this step twice using fresh 100%
ethanol.

e Transfer the slide to a staining dish containing fresh
95% ethanol and incubate for 10 min. Repeat this
step twice using fresh 96% ethanol.

e Transfer the slide to a staining dish containing fresh
70% ethanol and incubate for 10 min. Repeat this
step twice using fresh 70% ethanol.

* Transfer the slide to a staining dish containing fresh
double-distilled water and immerse for 30 s.
Remove the slide and soak up excess water by tap-
ping the slide carefully on a paper towel. Slides
may stay in water for 1 min for up to 3 h.

* Do not touch the section with the paper towel.
Ensure that the sections do not dry out.

e Excise areas of interest with a needle (or a blade)
and transfer into a 1.5 ml collection tube containing
the appropriate volume of Extraction Buffer (EXB).
Put the samples on ice.®

37.2.3.3 Protein Extraction

e Mix by vortexing. Seal the collection tube with a
Collection Tube Sealing Clip (supplied in the kit).

* Incubate on ice for 15 min and mix by vortexing.’

e Incubate the tube in a water bath at 100°C for
20 min.

* Using a Thermomixer, incubate the tube at 80°C for
2 h with agitation at 750 rpm.

SAlternatively, 100% isopropanol can be used.

“The volume of the extraction buffer should be adjusted according
to the size of the tissue area. For an area of about 0.5 cm in
diameter use 100 pl buffer.

"Be sure that collection tubes are properly sealed with a
Collection Tube Sealing Clip before performing the next step.
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e After incubation, place the tube at 4°C for 1 min
and remove the Collection Tube Sealing Clip.

e Centrifuge the tube for 15 min at 14,000x g at 4°C.
Transfer the supernatant containing the extracted
proteins to a new 1.5 ml collection tube.

* The extracted proteins can be stored for up to 1 week
at4°C. For longer-term storage, aliquot the extracted
proteins and store at—20°C. Avoid repeated freeze—
thaw cycles.

e Verify the quality of the extraction by loading 1/10
of the lysate into a SDS-PAGE (see Chap. 41).

37.3 Deparaffinization and Protein
Extraction from Free FFPE
Sections

37.3.1 Reagents

* Xylene

e 100%°, 96%, 70% ethanol (v/v, in distilled water)

e QProteome FFPE Tissue Kit (QIAGEN, cat. no.
37623)

* Reagents required for the preparation of the SDS
PAGE (see Chap. 41)

* Reagents for quantification (e.g., Bio-Rad DC
Protein Assay Kit, cat. No. 500-0111 or Pierce
Micro BCA Protein Assay Kit, cat. No. 23235)8

37.3.2 Equipment

*  Microtome

e 1.5 ml tubes

* Adjustable pipettes, range: 2-20 pl, 20-200 pl,
100-1,000 ul

*  Microcentrifuge (with rotor for 1.5 ml tubes)

e Vortex

o Water bath

e Thermomixer

e Equipment required for the preparation of the SDS
PAGE (see Chap. 41)

$Other quantification methods can be used, such as the Bradford

one (Bio-Rad Protein Assay Kit II, cat. No. 500-0002), the EZQ
Protein Quantitation Kit (Molecular Probes Invitrogen, cat. No.
R33200), or Quant-iT Protein Assay Kit (Molecular Probes
Invitrogen, cat. No. Q33211).

37.3.3 Method

37.3.3.1 Sample Preparation

e Cut 3-5 sections up to 10 um thick, using a
microtome.’
¢ Place the sections in a 1.5 ml collection tube.'®

37.3.3.2 Deparaffinization

* Pipette 1 ml of xylene into the tube. Close the tube
tightly, vortex vigorously for 10 s, and incubate for
10 min at room temperature (15-25°C).

e Centrifuge the tube in a microcentrifuge at 14,000x g
for 2 min. The tissue will form a soft pellet on the
bottom of the tube.

e Carefully remove the supernatant using a pipette
and discard it. Do not decant the supernatant and do
not disturb the pellet.!!

e Repeat wash with xylene twice, using 1 ml fresh
xylene each time.

* Pipette 1 ml of 100% ethanol into the tube contain-
ing the pellet, close tightly, and mix by vortexing.
Incubate for 10 min at room temperature (15-25°C).
Centrifuge the tube at full speed for 2 min.

e Carefully remove the supernatant using a pipette
and discard. Do not disturb the pellet.

* Repeat wash using 1 ml fresh 100% ethanol.

* Repeat washes using 96% ethanol twice and 70%
ethanol twice.

37.3.3.3 Protein Extraction

* Pipette the appropriate volume of EXB (supplied
by the Qproteome kit) into the tube containing the
pellet and mix by vortexing.'?> Seal the Collection

°The paraffin blocks should be kept at —20°C or on dry ice in
aluminum foil to obtain thin sections. Clean the microtome
with xylene after each cutting.

°The cut sections should be stored at —20°C before performing
the deparaffinization step if not immediately used.

UIf the pellet detaches from the wall of the tube, repeat
centrifugation step to enable removal of any residual ethanol.
Do not disturb or remove the pellet.

2The volume of the extraction buffer should be adjusted
according to the size of the tissue area. For an area of about
0.5 cm in diameter use 100 pl.
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Tube with a Collection Tube Sealing Clip (supplied
in the kit).
Incubate on
vortexing."?
Incubate the tube in a water bath at 100°C for
20 min.

Using a Thermomixer, incubate the tube at 80°C for
2 h with agitation at 750 rpm.

After incubation, place the tube at 4°C for 1 min
and remove the Collection Tube Sealing Clip.'
Centrifuge the tube for 15 min at 14,000x g at 4°C.
Transfer the supernatant containing the extracted
proteins to a new 1.5 ml Collection Tube.

The extracted proteins can be stored for up to
1 week at 4°C. For longer-term storage, aliquot the
extracted proteins and store at —20°C. Avoid
repeated freeze—thaw cycles.

Verify the quality of the extraction by loading 1/10
of the lysate into a SDS-PAGE (see Chap. 41).
Quantify the protein yield” by Lowry or BCA
method (or others) following the manufacturer’s
instructions

ice for 15 min and mix by

37.3.4 Troubleshooting

If the protein yield is low there could be four possible
causes:

Poor quality of starting material. Samples that have
been fixed for more than 24 h or stored for very
long periods may lead to an incomplete extraction
of protein.

Too little starting material. In this case, the number
of starting sections should be increased.
Insufficient deparaffinization. The paraffin may be
more difficult to remove from thicker sections. We
recommend using 10 pm-thick sections. If samples
contain large amounts of paraffin, the xylene treat-
ment should be repeated for additional two times.
Loss of the pellet or incomplete resuspension.
During the deparaffinization steps, do not pour the
supernatant, but aspire it with a pipette to avoid dis-
turbing the pellet itself.
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38.1 Introduction and Purpose

This protocol describes a rapid and low-cost method
based on SDS-containing-Laemmli buffer that allows
an efficient extraction of proteins from FFPE [1]. The
presence of SDS and the exposure to high temperature
allow an efficient reversal of protein cross-link on
FFPE. In literature, several works proposed different
heat-induced antigen retrieval strategies for a good
formaldehyde cross-link reversal, enabling proteomics
analyses also in archive tissues [2-5]. The protocol
described herein provides a feasible and quick option
for protein extraction not only from FFPE but also
from formalin-free fixatives.

38.2 Protocol

38.2.1 Reagents'

e Xylene (Fluka or Sigma-Aldrich)

e 100%, 96%, 70% ethanol (v/v)

e Laemmli Buffer (100 mM Tris-HCI in distilled
water, pH 6.8, 2% (w/v) SDS, 20% (v/v) glycerol,
4% (v/v) B-mercaptoethanol)?

* Bromophenol blue stock solution (1%
Bromophenol blue, 50 mM Tris-base)

e 10% (v/v) glycerol

(W/v)

'If not specified, all the buffers are made in distilled water.

2Tt is better to prepare this solution under a chemical hood,
because b-Mercaptoethanol is very toxic.
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e EZQ Protein Quantitation Kit for protein quantifica-
tion (Molecular Probes Invitrogen, cat. No. R33200)°

* Reagents required for preparation of the SDS PAGE
(see Chap. 41).

38.2.2 Equipment

* Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pl

e 1.5 ml tubes

e Microcentrifuge (with rotor for 1.5 ml tubes)

e Microtome

e Vortex

e Thermomixer

e Equipment required for preparation of the SDS
PAGE (see Chap. 41)

38.2.3 Method

38.2.3.1 Sample Preparation

e Cut about three sections up to 10 pm thickness (~25
mm? each) using a microtome*.

* Place the sections in a 1.5 ml collection tube with
the help of a scalpel or a little brush®.

38.2.3.2 Deparaffinization

e Pipette 1 ml of xylene into the tube®. Close the tube
tightly, vortex vigorously.

e Incubate for 5 min at room temperature (15-25°C).

e Centrifuge the tube in a microcentrifuge at maxi-
mum speed for 5 min at room temperature.

3 Other quantification methods can be used, such as the Bradford
one (Bio-Rad Protein Assay Kit II, cat. No. 500-0002), Bio-
Rad DC Protein Assay Kit, cat. No. 500-0111, Pierce Micro
BCA Protein Assay Kit, cat. No. 23235 or Quant-iT Protein
Assay Kit (Molecular Probes Invitrogen, cat. No. Q33211).

“The paraffin blocks should be kept at —20°C or on dry ice in
aluminium foil before cutting the sections. Clean the microtome
with xylene after each cutting.

>The cut sections should be stored at —20°C before performing
the deparaffinization step (if not immediately used).

°In order to minimise exposure to xylene fumes, it is better to
perform this step under a chemical hood.

e Carefully remove the supernatant using a pipette
and discard it. To avoid disturbing the pellet, do not
pour the supernatant.

e Repeat the previous steps using 1 ml fresh xylene.

e Pipette 1 ml of 100% ethanol into the tube contain-
ing the pellet, close tightly, vortex vigorously.

e Incubate for 5 min at room temperature (20-25°C).

* Centrifuge the tube in a microcentrifuge at maximum
speed for 5 min at room temperature and then remove
the supernatant using a pipette and discard it.

* Repeat the steps using 1 ml of 96% and then70%
ethanol.

38.2.3.3 Protein Extraction

* Resuspend the pellet in 150 pl” of Laemmli
Buffer®.

» Using a thermomixer, incubate the tube at 99°C for
20 min.

e Spin down at maximum speed for 5 min at 4°C.

e For protein quantification use the EZQ Protein
Quantitation Kit following the manufacturer’s
instructions’.

* Add to the supernatant 0.02% of Bromophenol blue
stock solution and load it (at least 10 pl) into an
SDS-PAGE gel (see Chap. 41) to verify the quality
of the extraction'.

» Store the lysate at —20°C.

38.2.4 Troubleshooting

If the protein yield is low there could be four possible
causes:

e Poor quality of starting material.

e Too little starting material. In this case, increase the
number of sample sections.

* Insufficient deparaffinization step. During deparaf-
finization, the supernatant must be completely

"The volume of buffer depends on the tissue size.
8Do not put the samples on ice because the SDS could precipitate.

°Due to the presence of detergents, it could be necessary to
dilute the lysate with the same volume of distilled water before
performing the protein quantification; otherwise, you should
have some interference.

0The extracted proteins can be stored for up to 1 week at —20°C.
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and carefully removed without disturbing the tissue
pellet. If samples under processing contain large
amounts of paraffin, repeat the xylene treatment
once again.

Loss of the pellet or incomplete resuspension.
During the deparaffinization steps, do not pour the
supernatant, bur aspire it with a pipette to avoid dis-
turbing the pellet itself.
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39.1 Introduction and Purpose

This protocol allows the extraction of proteins from
tissues fixed with formalin-free fixatives.

The following protocol is a modified version of two
original protocols, the first one published by Stanta
et al. [1] and the second one by Bellet et al. [2] that
were developed to extract proteins from FineFix and
RCL2-fixed tissues, respectively. The protein extracted
by following this protocol could also be used for 2D
analyses, because the extraction buffer doesn’t contain
ionic detergents that could modify the protein charge.
The use of high temperature improves the extraction of
those proteins that might be structurally altered or
masked by the action of the fixative.

39.2 Protocol

39.2.1 Reagents'

* Xylene (Fluka or Sigma-Aldrich)

e 100%, 96%, 70% (v/v) ethanol

e 10% (v/v) glycerol

e Extraction buffer (50 mM Tris-HCI pH 7.5, 7 M
urea, 2 M thiourea, 2% (w/v) CHAPS, 1% (w/v)
MEGA, 0.5% (v/v) Triton x-100, 1% (w/v) OGP,
and 50 mM DTT)?

If not specified, all the buffers are made in distilled water.

2CHAPS,3-[(3-Cholamidopropyl)dimethylammonio]-1-propane-
sulfonate; OGP, n-Octyl 3-D-glucopyranoside; MEGA, N-Decanoyl-
N-methylglucamine; DTT, Dithiothreitol.
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* Protease inhibitor mixture (e.g., Amersham Biosci-
ences, cat. No. 80-6501-23 or other similar)

* Bradford reagent for quantification (e.g. Bio-Rad
Protein Assay Kit II, cat. No. 500-0002)*

* Reagents required for the preparation of the SDS
PAGE (see Chap. 41)

39.2.2 Equipment

* Adjustable pipettes, range 2-20 pl, 20-200 pl,
100-1,000 ul

e 1.5 ml tubes

*  Microcentrifuge for 1.5 ml tubes

*  Microtome

* Vortex

e Thermomixer

e Equipment required for preparation of the SDS
PAGE (see Chap. 41)

39.2.3 Method

39.2.3.1 Sample Preparation

e Cut about three sections up to 10 pm thickness
using a microtome.*

* Place the sections in a 1.5 ml collection tube with
the help of a scalpel or a little brush.*¢

3Other quantification methods can be used, such as the BCA
method (e.g. Pierce Micro BCA Protein Assay Kit, cat. No.
23235), the Lowry method (e.g. Bio-Rad DC Protein Assay
Kit, cat. No. 500-0111), the EZQ Protein Quantitation Kit
(Molecular Probes Invitrogen, cat. No. R33200), and Quant-iT
Protein Assay Kit (Molecular Probes Invitrogen, cat. No.
Q33211).

“The paraffin blocks should be kept at —20°C or on dry ice in
aluminium foil before cutting sections. Clean the microtome
with xylene after each cutting.

>The cut sections should be stored at —20°C before performing
the deparaffinization step (if not immediately used).

°If you are interested in performing microdissection of the
tissue, it’s possible to cut the sections and mount them on a
slide on which the area of interest can be excised. Before
performing the extraction, the slides should be kept in an oven
at 62°C at least for 1 h, or alternatively at 37°C overnight (see
Chaps. 4 and 6).

39.2.3.2 Deparaffinization

* Pipette 1 ml of xylene into the tube. Close the tube
tightly, vortex vigorously.”®

e Centrifuge the tube in a microcentrifuge at maxi-
mum speed for 10 min at room temperature.

e Carefully remove the supernatant using a pipette
and discard it. To avoid disturbing the pellet, do not
pour the supernatant.

» Repeat washes using 1 ml of fresh xylene.

* Pipette 1 ml of 100% ethanol into the tube contain-
ing the pellet, close tightly, vortex vigorously.

* Centrifuge the tube in a microcentrifuge at maxi-
mum speed for 10 min at room temperature.

e Carefully remove the supernatant using a pipette
and discard it.

* Repeat washes using 1 ml of fresh 96% and 70%
ethanol.

e Leave the tube at least for 5 min at room tempera-
ture’ in order to air-dry the pellet.

39.2.3.3 Protein Extraction

* Resuspend the pellet in an appropriate volume of
extraction buffer with protease inhibitors diluted
according to the manufacturer’s instruction.'”

e Close the tube tightly and vortex vigorously for
approximately 10 s.

 Incubate on ice for 15 min, and mix by vortexing."'

* Using a thermomixer, incubate the tube at 99°C for
15 min with stirring at 750 rpm.

e Centrifuge at maximum speed for 15 min at 4°C
and recover the supernatant.

* The extracted proteins can be stored for up to 1 week
at4°C. For longer-term storage, aliquot the extracted
proteins and store at —20°C. Avoid repeated freeze—
thaw cycles.

In order to minimize exposure to xylene fumes, it’s better to
perform this step under a chemical hood.

SIf the extraction is performed directly on slide-mounted
sections, you should use staining dishes for the deparaffinization.
At the end of these steps you should transfer the excised area on
a 1.5 ml tube with the appropriate volume of extraction buffer.

°This step is not necessary if you are performing the extraction
directly on slide-mounted sections.

"The volume of the extraction buffer should be adjusted
according to the size of the tissue section.

Be sure that the 1.5 ml tubes are properly sealed.
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Quantify the protein yield'? by Bradford method (or
others) following the manufacturer’s instructions.
Verify the quality of the extraction by loading 1/10
of the lysate into a SDS-PAGE (see Chap. 41).

39.2.4 Troubleshooting

If the protein yield is low there could be several
causes:

Poor quality of starting material.

Presence of fat on the tissues that could limit the
extraction of proteins.

In case of FineFix-treated tissues, the use of isopro-
panol instead of JFC solution' during the dehydra-
tation-clearing step could limit the extraction of
proteins.

Incorrect fixation procedure that could minimize
the extraction. Be careful of the fixation protocol
required for each type of fixative.

Too little starting material. In this case, increase the
number of sample sections, even if too much mate-
rial could limit the deparaffinization step and could
decrease the protein yield.

"2Due to the presence of detergents, the lysate should be diluted

with the same volume of distilled water before performing
the protein quantification to avoid interference.

“The JFC solution is a mixture of ethanol, isopropanol and long

chain hydrocarbons that could be used instead of isopropanaol,
during the dehydratation-clearing step, after the microwave
fixation with FineFix.

Insufficient deparaffinization. During deparaffini-
zation, ensure that supernatants are completely and
carefully removed without disturbing the tissue pel-
let. If the samples contain large amounts of paraffin,
repeat the xylene treatment once again.

Loss of the pellet or incomplete precipitation.
During the deparaffinization steps, do not pour the
supernatant, bur aspire it with a pipette to avoid dis-
turbing the pellet itself.

Impairment of protein extraction could be due to
contamination of the histoprocessor, routinely used
in the pathology department, by formalin. If possi-
ble, it is suggested to use a dedicated device for
fixation of tissues with formalin-free fixatives.
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40.1 Introduction and Purpose

Protein precipitation is an optional step that can be
carried out prior to SDS-PAGE analyses in order to
separate proteins in the samples from contaminating
and interfering species (salts, lipids, nucleic acids...)
or to concentrate diluted samples. However, this tech-
nique is not fully efficient, because some proteins may
not be readily resuspended after precipitation [1-3].

40.2 Protocol

40.2.1 Reagents'

e 10% (v/v) TCA

e 100% ice-cold ethanol

e Bromophenol blue stock solution (1% (w/v)
Bromophenol blue, 50 mM Tris-base)

e Loading Buffer 4X (50 mM Tris-HCI, pH 6.8, 2%
(w/v) SDS, 10% (v/v) glycerol, 1% (v/v) B-mercap-
toethanol, 0.02% (v/v) of Bromophenol blue stock
solution)?

e Protein samples

'If not specified, all the buffers are made in distilled water.

’It is better to prepare this solution under a chemical hood,
because B-Mercaptoethanol is very toxic.
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40.2.2 Equipment

* Adjustable pipettes, range: 2-20 pl, 20-200 pl,
100-1,000 pl

e Thermo block

* Refrigerate microcentrifuge

40.2.3 Method

e Add 1 volume of 10% TCA? to the sample (i.e. add
100 pl of 10% TCA to 100 pl of protein lysate).

* Incubate on ice for at least 30 min.

* Centrifuge for 15 min in a microcentrifuge at 4°C
at maximum speed.

* Remove the supernatant, leaving the protein pellet
intact.

e Add 1 ml of ice-cold ethanol* and centrifuge briefly.

3For a more effective result, the lysate could also be precipitated
in 10% TCA in acetone.

4 Also ice-cold acetone could be used.

>The presence of some traces of TCA can give a yellow colour
as a consequence of the acidification of the sample buffer;
adjust the pH with 1 N NaOH or 1 M TrisHCI pH 8.5 to obtain
the normal blue sample buffer colour.

Remove the ethanol and dry the pellet by placing
the tube at 37°C in a thermo block for 5-10 min.
Resuspend the pellet in 4X Loading Buffer,’ boil
for 5 min at 95°C and then load the sample onto a
SDS-PAGE (see Chap. 41).
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41.1 Introduction and Purpose

Protein electrophoresis is the most used method to
resolve protein mixtures (also those extracted from
fixed tissues) into their individual components in order
to visualize, identify, and characterize them. In one-
dimensional sodium-dodecyl-sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), proteins are sepa-
rated on the basis of their molecular mass [1-6].
The most common application of SDS-PAGE is the
characterization of proteins after protein purification.
It is also possible to blot the separated proteins onto
a positively charged membrane and to probe them
with protein-specific antibodies (such as western blot
procedure, see Chap. 43).

41.2 Protocol

41.2.1 Reagents'

* Acrylamide/NN,-methylene-bis-acrylamide 40% (stock
solution 29:1)

* 1.5M Tris-HCl pH 8.8

* 0.5M Tris-HCI pH 6.8

o 10% (w/v) SDS?

e TEMED?

Tf not specified, all the buffers are made in distilled water.

2SDS (Sodium-dodecyl-sulfate) powder is toxic. You should
weigh it under a chemical hood and use a closed box when you
transport it out in order to avoid breathing the dust.
3N,N,N',N'-Tetramethylethylenediamine; N,N,N',N'-Di-(dimethyl-
amino) ethane; N,N,N',N'-Tetramethyl-1-, 2-diaminomethane.
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e 10% (w/v) APS*

e ]0X Running Buffer stock solution (250 mM Tris,
1.92 M Glycine, 1% (v/v) SDS?)

* 1% (w/v) agarose sealing solution®

e Protein molecular weight standard (e.g., Bench
Mark™ Pre-Stained Protein Ladder, Invitrogen,
cat. No 10748-010 or Precision Plus Protein
Standard Dual Color, BioRad cat. No 161/0374 or
PageRuler™ Prestained Protein Ladder, Fermentas
cat. No SM1811)

e Bromophenol blue stock solution (1%
Bromophenol blue, 50 mM Tris-base)

* 4X Loading Buffer (50 mM Tris-HCI, pH 6.8, 2%
(w/v) SDS’, 10% (v/v) glycerol, 1% (v/v) B-Mer-
captoethanol, 0.02% (v/v) Bromophenol blue stock
solution)’

e n-Butanol

(wiv)

41.2.2 Equipment

* Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pl

e Gel apparatus and electrophoresis equipment (i.e.,
glass plate, combs and spacers,...)

e Hamilton™ syringe

e Test tubes

e 1.5 ml tubes

e Some pieces of filter paper (e.g., Whatman 3 MM

paper)

41.2.3 Method

41.2.3.1 Gel Preparation

e Assemble the gel unit with glasses® and spacers
according to the manufacturer’s instructions.

4 Ammonium persulfate.
S A stock solution of 10% (w/v) SDS can also be used.
This solution could be made also in Running buffer 1X.

It is better to prepare this solution under a chemical hood,
because f-Mercaptoethanol is very toxic. The solution should
be stored in 0.5 ml aliquots at —20°C for up to 6 months.

8The glasses should be thoroughly cleaned with detergent and
methanol and dried before use.

e Select the gel percentage. The concentration of
acrylamide used for the gel depends on the size of
proteins that have to be analyzed (see Table 41.1)°:

e Prepare the running solution in a test tube mixing
the reagents listed in Table 41.2.

* Pipette the gel solution between the assembled glass
sandwich a few millimeters below the wells that
will be formed by the comb. Overlay with n-butanol'
to the top of the gel unit. A very sharp liquid-gel
interface will be visible once the gel has
polymerized.!!

Table41.1 Recommended acrylamide concentrations for protein
separation

Separation size
range (kDa)

Acrylamide percentage

in running gel (%)

8 24-200
10 14-200
12 14-100°
14 14-60°

Larger proteins fail to move significantly into the acrylamide gel

Table 41.2 Running solution (final volume 20 ml*)

Final gel

concentration

40% Acrylamide/ 4 ml S ml 6 ml 7 ml
bis 29:1

1.5 M Tris-HC1 5 ml 5 ml 5 ml 5 ml
pH 8.8

SDS 10% 200 ul - 200 pl 200 pl 200 pl
Distilled water 11 ml 10 ml 9 ml 8 ml
APS® 200 ul - 200 pl 200 pl 200 pl
TEMED® 40 pl 40 pl 40 pl 40 pl

“The volumes of the reagents can be adapted to match the volume
required by the used electrophoretic apparatus

®Add them just before pouring to avoid early polymerization
of the gel solution

“Improved resolution of protein band can be achieved using an
acrylamide gradient gel system.

"Water can be used instead of butanol.

"For the best polymerization you should bring all the refrigerated
gel solutions to room temperature prior to use.
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Table 41.3 Stacking gel solution (final volume 5 ml*)

Acrylamide/bis 40% 29:1 0.5 ml
0.5 M Tris-HCI pH 6.8 1.3 ml
SDS 10% 150 pl
Distilled water 3 ml
APS® 50 pl
TEMED® 10 pl

“The volumes of reagents can be adapted to match the volume
required by the used electrophoretic apparatus
®Added at the end to avoid early polymerization of the gel solution

e After polymerization is complete, pour off the
butanol, wash abundantly with water and dry.'?

* Prepare the stacking solution in a test tube, mixing
the reagent according to Table 41.3.

* Pipette the solution down into the glass plate to the
top level. Insert a comb, avoiding introduction of air
bubbles.'*!

41.2.3.2 Sample Preparation

*  While the stacking gel is polymerizing, prepare the
samples.”” Add one volume of 4X Loading Buffer
to three volumes of protein samples and heat them
at 95°C for 5 min.

* Briefly spin down the samples.

41.2.3.3 Gel Loading

e Fill the chamber with 1X Running Buffer.
e Slowly remove the combs from the gels, by raising
them up to the comb to avoid disturbing the wells.

"2The remaining water on the plates can be removed using pieces
of filter paper.

3Oxygen can inhibit polymerization, and bubbles can cause a
local distortion in the gel surface at the bottom of the wells. To
avoid this drawback the comb can be inserted prior to filling
the stacking gel solution.

A very sharp interface will be visible when the gel has
polymerized. The gel should be fully polymerized.

"For a minigel the amount of proteins loaded into one well
should be 10-35 pg in a total of 5-15 pul for Coomassie Blue
Staining or Western Blotting, and should be 5-15 pg in 5-10 pl
for highly sensitive silver staining. For a standard-sized gel the
volume loaded into each well should be less than 40 pl.

* Rinse each well with the 1X Running Buffer with a
Hamilton™ syringe.

e Using a Hamilton™ syringe, load the samples
slowly in the wells.'

41.2.3.4 Gel Running

e Connect the gel to the power supply according the
manufacturer’s instructions. The gel should run at
80 V and 15 mA/gel until the proteins enter the run-
ning gel, then apply 120 V and 30 mA/gel.

* When the tracking dye reaches the bottom of the
gel, turn the power supply off.

41.2.3.5 Disassemble the Gel

* Remove the buffer and disassemble the gel unit by
gently loosening and sliding away both spacers.
Then separate gently the glass plates by acting from
one corner with a spacer.

e Remove the stacking gel by cutting it with a spacer
and orientate the running gel by removing a corner.

e Carefully lift the gel into a tray of staining solution
or fixative, or proceed with the immunoblotting
depending on the method.

41.3 Troubleshooting

o If the gel solution leaks out of the sandwich during
casting, the plates and the spacers should be
realigned and the edges should be resealed with
tape or agarose sealing solution.

e If the polymerization failed or is incomplete the
solution temperature is probably too low or the cat-
alysts are insufficient or degraded.

e If the run takes longer than usual, the buffers are too
concentrated or at wrong pH. The solutions should
be reprepared.

e If the stained material concentrates at the top of the
running gel, probably there are insoluble precipi-
tates in the sample. Some proteins precipitate upon

*One well should be loaded with a protein molecular weight
standard (e.g., Bench Mark™ Pre-Stained Protein Ladder,
Invitrogen, cat. No 10748-010 or PageRuler™ Prestained
Protein Ladder, Fermentas cat. No SM1811).
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heating at 95°C and lower heating temperatures

(60-70°C) should be used for a longer time.

If the bands are fuzzy or poorly resolved, the sample

was probably degraded or the gel acrylamide con-

centration was not suitable for optimal resolution.

If the protein bands are distorted, the possible

causes could be:

— Air bubbles trapped under comb that should be
removed; or

— Unreacted acrylamide that continue to polymer-
ize after the comb was removed, so the wells
should be rinsed with tank buffer immediately
after the comb is removed.

If the dye front curves up (smiles), the temperature

is too high and you should reduce the power

setting.

If the dye front curves down (frowns), probably air

bubbles are trapped between the glass plates or the

gel next to the spacers was not fully polymerized.
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42.1 Introduction and Purpose

Once electrophoresis is complete, the protein bands
can be visualized by incubating the gel in a staining
solution. The two most commonly used methods are
Coomassie Blue and Silver staining. Coomassie Blue
staining [1] is based on the nonspecific binding of the
dye Coomassie Brilliant Blue R250 to virtually all
proteins. Although Coomassie Blue staining is less
sensitive than silver staining, it is widely used due to
its convenience. Coomassie Blue binds to proteins
approximately stoichiometrically; for this reason, this
staining method is preferable when relative amounts
of protein have to be determined by densitometry.
The proteins are detected as blue bands on a clear
background.

Silver staining is the most sensitive method for per-
manent visible staining of proteins in polyacrylamide
gels. This sensitivity, however, comes at the expense of
high susceptibility to interference for a number of fac-
tors. Silver staining is a complex, multistep process,
and many variables can influence the results. High-
purity reagents and precise timing are essential for
reproducible, high-quality results. Impurities in the gel
and/or the water used for preparing the staining
reagents can cause poor staining results.

In silver staining, the gel is impregnated with solu-
ble silver ions and developed by treatment with form-
aldehyde, which reduces silver ions to form an insoluble
brown precipitate of metallic silver. This reduction is
promoted by proteins. There are many variations of the
silver staining process. The method described here
(Vorum Silver Staining Protocol) is based on the
method by Mortz and has been selected for overall con-
venience, sensitivity, reproducibility, speed, and com-
patibility with mass spectrometry analyses [2].

265

DOI: 10.1007/978-3-642-17890-0_42, © Springer-Verlag Berlin Heidelberg 2011

42



266

V.Faoro et al.

Once the gel is stained, it can be photographed or
dried for a record of the position and intensity of each
band and then analyzed.

Once the gel run is completed and the power supply
is turned off, the gel sandwiches can be dissembled; in
order to facilitate the separation of the glass plates,
remove slowly one of the spacers and use it to care-
fully separate the glass starting from a corner. Remove
the top plate; the gel should be on the bottom glass
plate. To record the gel orientation, make a small cut at
the upper left or right corner of the gel using a blade or
the spacers itself. The gel is so transferred into a glass
or plastic tray for staining.

42.2 Coomassie Brilliant Blue Staining
(Detection Limit: 0.1-0.5 ug
of Protein)

42.2.1 Reagents'

* Coomassie Blue Staining Solution (40% (v/v) meth-
anol, 10% (v/v) acetic acid, 0.2% (w/v) Coomassie
Brilliant Blue R-250?)

e Destaining Solution (25% (v/v) methanol, 10% (v/v)
acetic acid)

e 1% (v/v) acetic acid

e 1% (v/v) glycerol

42.2.2 Equipment

o Shaker
e Glass staining trays

42.2.3 Method

Staining should be performed at room temperature.
Covered plastic trays work well and minimize exposure

'Tf not specified, all the buffers are made in distilled water.

’The solution should be prepared some days before because it
needs a long mix. The solution is light sensitive. Do not breathe
the dust.

to methanol and acetic acid vapors. When covers are not
used, these procedures should be done in a fume hood.
Wear clean gloves to avoid keratin contamination (hairs
or skin desquamed cells).

* Submerge the gel in Coomassie Blue Staining
Solution for 30 min-2 h with gentle shaking.?

* Replace the staining solution with Destaining Solution
for 30 min—2 h. Shake slowly until the background
signal becomes clear.*’

* Store the gel in a 1% acetic acid solution. To minimize
cracking, add 1% glycerol before drying the gel.

42.3 Silver Staining (Detection
Limit: 1-5 ng of Protein)

42.3.1 Reagents®

e Fixing Solution (50% (v/v) methanol, 12% (v/v)
acid acetic, 0.05% (v/v) formaldehyde 37% 7)

e 35% (v/v) ethanol

e 1% (v/v) acetic acid

* 1% (v/v) glycerol

e Double distilled water

* Sensitizing Solution (0.02% (v/v) Na,S.0O,)*

e Silver Reaction Solution (0.2% (w/v) silver nitrate,
0.076% (v/v) formaldehyde 37%)

* Developing Solution (6% (w/v) Na,CO,, 0.05%
(v/v) formaldehyde 37%, 0.0004% (v/v) Na,S,0,")

o Stop Solution (50% (v/v) methanol, 12% (v/v) acetic
acid)

*The time required to stain the gel depends in part on the
thickness of the gel: a 0.75-mm-thick gel will stain faster than
a 1.5 mm gel and is completely stained in an hour.

*A folded paper towel placed in the destaining bath soaks up
excess stain and allows the reuse of the Destaining Solution.
SUse caution because excessive destaining will lead to loss of
band intensity.

°All the buffers should be done in double-distilled water.
"Formaldehyde 37% is the available commercial solution.

Formaldehyde is toxic and should not be inhaled. Use covered
glass trays.

8You can use a stock solution of 10% Na,S 0, (w/v).
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42.3.2 Equipment

*  Shaker
* Glass staining trays

42.3.3 Method

All steps can be performed at room temperature in
gentle shaking. In order to avoid keratin contamina-
tion, touch the gels only on the edges and always with
clean gloves,” and use only double-distilled water.
Glass staining trays are particularly useful because
they are easy to clean.!

e Put the gel in the Silver Staining Fixing Solution
for 2 h to overnight."

e Rinse the gel with 35% (v/v) ethanol for 20 min.

* Remove the solution and add the Sensitizing Solution
for 2 min.

* Rinse the gel three times in double-distilled water
for 5 min.

e Put the gel for 30 min in the Silver Reaction Solution.

* Rinse briefly with double-distilled water for 30 s.

* Putthe gel in the Developing Solution till all the bands
appear (approximately 5 min, but the time of develop-
ment can vary). This step may be visually monitored.
The gels should be transferred to the Stop Solution
when the spots have reached the desired intensity and
before the staining background becomes too dark.

* Add the Stop Solution.

e First wash the gel in the Fixing Solution for about
15 min and then in double-distilled water.

» Store the gel in a solution of 1% (v/v) acetic acid.
To minimize cracking, add 1% (v/v) glycerol before
drying the gel."”

°Any minimal trace of skin proteins on the gel will be stained.

The glass staining trays should be cleaned with ethanol and
methanol shaking slowly on a laboratory shaker.

"Formaldehyde can be replaced by glutaraldehyde for higher
sensitivity, but the method will become incompatible with
mass spectrometry analysis.

"2For gel drying, place the gel between two layers of a plastic
film and remove any air bubbles inside the sandwich to prevent
any cracks and dry the gel at 70-80°C under vacuum for 1 h.
Drying time may vary, depending on gel thickness and strength
of vacuum pump. Be careful not to disturb the vacuum until the
gel is dried, otherwise it may crack.

e Gel can be photographed or used for other analyses.

e If mass spectrometry analysis should be carried out,
rinse the gel with abundant double-distilled water
for a minimum of 30 min.

42.3.4 Troubleshooting

42.3.4.1 Coomassie Stain

* If bands are poorly stained, the staining time should
be increased.

o If the background is blue, the destaining time should
be increased.

42.3.4.2 Silver Stain

» If the bands develop poorly, the solutions should be
prepared again.

e If the background is too dark, the interfering sub-
stances may not have been completely washed out,
so the fixing time should be increased.
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The most frequently used membrane materials
in blotting are nitrocellulose and polyvinylidene
difluoride (PVDF). The choice depends on the type of
analysis and characteristics of the detection system.
Nitrocellulose is the most often applicable membrane
while PVDF is usually used when the bound protein is
ultimately analyzed by automated solid-phase protein
sequencing.

Transfer efficiency can be checked by staining pro-
teins directly on the membrane using Ponceau S.

Once transferred to the membrane, the proteins
can be probed with the antibodies of interest. Most
commonly, a horseradish peroxidase-linked secondary
antibodyisusedincombinationwithachemiluminescent
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43.2 Protocol

43.2.1 Reagents'

e 100% methanol

e 10X Transfer buffer stock solution (250 mM Tris,
1.92 M Glycine)

e 1% (w/v)Ponceau S Staining Solution (e.g. Sigma-
Aldrich cat. no P3504-10G)* in 1% (v/v) Acetic
Acid

* Double-distilled water

* Washing buffer: either PBS or TBS with 0.1%
Tween®-20 (v/v)

* Blocking buffer: 5% (w/v) blocking agent (e.g., BSA
or nonfat dried milk) in washing buffer

* Primary antibody specific for the protein of interest

* HRP-conjugated secondary antibody, specific for
primary antibody

e Chemiluminescent reagents for immunodetection
(e.g., Amersham Biosciences ECL Western Blotting
Detection Reagents or Millipore Immobilon™
Western Chemiluminescent Substrates)

e Special chemical solutions for development and
fixing of the X-ray film (e.g., Kodak)

43.2.2 Equipment

e Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 wl

e Transfer electroblotting apparatus (i.e., electroblot-
ting cassettes, sponges ...)

e Orbital shacker

e PVDF or nitrocellulose membrane (e.g., Amersham
Bioscience Hybond-P PVDF Membrane, cat. No.
RPN303F or Millipore Immobilon-P Transfer
membranes, cat. No. IPVH00010)

o Sheets of filter paper cut to the dimension of the gel

e Shallow trays, large enough to hold the blot

e Plastic wrap

Tf not specified, all the buffers are made in distilled water.

*Ponceau S solution is a reversible staining solution designed for
rapid (1 min) staining of protein bands on nitrocellulose or
PVDF membranes. Ponceau S stain is easily reversed with water
washes, facilitating subsequent immunological detection.

e X-ray film (e.g., Kodak Biomax XAR film) and
cassette

e Dark room or chemiluminescence-compatible imaging
systems

43.2.3 Method

43.2.3.1 Electroblotting

e Cut four pieces of filter papers and a piece of mem-
brane (PVDF or nitrocellulose membrane) of the
same size as the gel on which proteins are previ-
ously resolved.?

e If working with a PVDF membrane:

— Wet the membrane in 100% methanol for about
10 s, or until the membrane appearance uniformly
changes from opaque to semitransparent;

— Wash it in distilled water for 5 min.*

* Alternatively, if working with a nitrocellulose mem-
brane, proceed directly to the following step,
because nitrocellulose membranes do not require
prewetting.

e Equilibrate the membrane, the sponges, and filter
papers in 1X Transfer Buffer for at least 10 min.

e Avoiding air bubbles, assemble the electroblotting
sandwich, placing the sponge on the cathode (nega-
tive, usually black), two sheets of filter papers, the
gel, the membrane, and the other sponge to the
anode (positive, usually red).’

* Fill the chamber with 1X Transfer Buffer added
with 20% of methanol® (i.e., 800 ml of 1X Transfer
Buffer+200 ml of methanol).

* Carry out the protein transfer. For power, voltage, and
transfer time consult the manufacturer’s instruction

3Avoid touching and folding the membrane; to avoid contam-
ination, always handle the filter papers and the membrane with
gloves and blunt end forceps.

“The membrane must be kept wet all the time. Should it dry out,
rewet in methanol and water as previously described.

STo ensure a complete transfer, remove air bubbles by carefully
rolling a clean Pasteur pipette over each layer in the sandwich.
Avoid excessive pressure that could damage the gel and the
membrane.

®Methanol is necessary to achieve efficient binding to nitro-
cellulose and PVDF membranes.
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of the used apparatus (usually, we perform the trans-
fer in a cold room for 1 h at 350 mA or overnight at
10 mA).”

43.2.3.2 Immunoblotting

* Once the transfer is complete, its efficiency could
be monitored directly on the membrane by staining
it with Ponceau S Staining Solution for 2 min and
then destaining it in distilled water until bands are
visible.

e If the transfer is good, proceed with blocking non-
specific binding sites with the Blocking Buffer for
1 h at room temperature on an orbital shaker.®

e Incubate the membrane with the diluted primary
antibody for 1 h at room temperature on an orbital
shaker. Ensure that the solution moves freely across
the entire surface of the membrane.

* Rinse the membrane for five times 5 min each with
fresh wash buffer on an orbital shaker.

e Incubate the membrane with the HRP-conjugated
secondary antibody’ for 1 h at room temperature on
an orbital shaker.'” Ensure that the solution moves
freely across the entire surface of the membrane.

* Wash the membrane for 5 min with five fresh
changes of wash buffer."

e Prepare the working chemiluminescent reagents as
HRP substrates for immunodetection according to
the supplier’s guidelines.

* Place the blotted protein side up in a clean con-
tainer, add the HRP substrate, and incubate the blot
following the usage guidelines.

"The time of transfer depends on the size of the proteins (larger
proteins take longer to transfer), on the percentage of acrylamide,
and on the gel thickness.

8Alternatively, membranes may be left in the blocking solution
overnight in gently agitation at 2-8°C. The membrane at this
stage can be dried by wrapping with plastic film and stored at
4°C until use.

°The antibody should be diluted according to the supplier’s
datasheet.

9Alternatively, membranes may be left in a cold room over night
by shaking.

TAdditional or longer washes may further reduce the
background.

* Adsorb the excess of substrate bumping into a paper
by holding the membrane gently with forceps.

e Place the membrane, with the blotted protein side
up, in the X-ray film cassette. Cover it with a clean
plastic wrap or sheet protector and remove any air
bubble. Ensure that the surface of the plastic wrap
or sheet protector is dry and unwrinkled.

* In the dark room, place a sheet of X-ray film on the
top of the membrane. Close the cassette and expose
the blot to a suitable X-ray film for an appropriate
time.'?

* In the dark room, remove the film and place it in the
developing solution until the bands compare.

* Rinse the film with water and place it in fixing solu-
tion for some minutes.

* Rinse the film again with water and leave it to air dry.

e Scan the film and save it as a TIFF image.

43.2.4 Troubleshooting

* High background: it could be caused by many prob-
lems, such as insufficient washes, poor quality of
reagents, cross-reactivity between blocking reagent
and antibody, membrane drying during incubation
processes, poor-quality antibodies, protein-protein
interactions or insufficient blocking. If high back-
ground is present several solutions are possible:

— Increase wash buffer volumes and wash cycle
repetitions.

— Use high-grade reagents and double-distilled
water.

— Use sufficient volumes of solutions to cover
the entire surface of the membrane during
incubations.

— Use high-quality affinity-purified antibodies.

— Decrease the antibody concentration.

— Reduce x-ray exposure time.

— Increase the concentration or volume of the
blocking agent.

"2The first exposure time should be 1 min. On the basis of its
appearance, estimate how long the second film should be
exposed. Because of the light sensitivity of the HRP substrate,
a shorter exposure time may be required.
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*  Weak or absent signal: protein transfer can be opti-

mized. The antibody concentration could be too
low, the antibody reaction time could be insuffi-
cient, or the antibody could be inactive (due to mul-
tiple freeze-thaws). If the problem persists more
sample can be loaded on the gel or several different
times of exposure can be tried.

Presence of nonspecific bands: the primary or sec-
ondary antibody dilution can be increased because
the antibody concentration is probably too high.
If the problem persists, the amount of loaded pro-
tein can be decreased.
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44.1 Introduction and Purpose

This technique is similar to the western blot technique.
However, in the dot blot procedure proteins are not
separated electrophoretically but are spotted directly
onto the membrane by applying a vacuum. Proteins
bind to the membrane while the other sample compo-
nents pass through. The proteins on the membrane are
then available for analysis [1]. This technique can be
used either as a qualitative method for rapid screening
of a large number of samples or as a quantitative tech-
nique. It is especially useful for testing the suitability
of experimental design parameters (such as the optimi-
zation of primary antibody concentration).

44.2 Protocol

44.2.1 Reagents'

e 100% methanol

* Double-distilled water

* PBSorTBS

o Wash buffer: either PBS or TBS with 0.1% Tween®-
20 (v/v)

* Blocking buffer: 5% (w/v) blocking agent (e.g.,
BSA or nonfat dried milk) in wash buffer

* Primary antibody specific for the protein of interest

*  HRP-conjugated secondary antibody specific for
primary antibody

e Chemiluminescent reagents for immunodetection
(e.g., Amersham Biosciences ECL. Western Blotting

'If not specified, all the buffers are made in distilled water.
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Detection Reagents, or Millipore Immobilon™ Western
Chemiluminescent Substrates)

e Special chemical solutions for development and
fixing of the X-ray film

44.2.2 Equipment

e Adjustable pipettes, range: 2-20 ul, 20-200 ul,
100-1,000 pl

e Orbital shaker

e Dot blot apparatus

e PVDF or nitrocellulose membrane (e.g., Amersham
Bioscience Hybond-P PVDF Membrane, cat. No.
RPN303F or Millipore Immobilon-P Transfer mem-
branes, cat. No. IPVH00010)

e Shallow trays large enough to hold the blot

e X-ray film (e.g., Kodak Biomax XAR film) and
cassette

e Dark room or chemiluminescence-compatible imag-
ing systems

44.2.3 Method

e Prepare serial dilutions of the protein samples in
either PBS or TBS (e.g., undiluted (1/10 of the total
lysate), 1:2, 1:4, 1:8, 1:16)*.

e Prepare the membranes®. If different antibody con-
ditions should be tested, label each membrane with
a pencil according to the dilutions that will be
screened.

*The volume for spotting should be at least 10 pl in each well.
Using lower volume may result in irregular spotting.

3See also the chapter relative to the western blot method.

e Carefully place the membrane in wash buffer and
let it equilibrate for at least 5 min.

e Assemble the blot unit according to the manufac-
turer’s instructions

e Once the membrane is placed on the blot unit, con-
nect the unit to the vacuum line.

e Carefully pipette the samples into the wells. Minimize
the area penetrated by the solution by applying it
slowly.

* When all of the samples have filtered through the
membrane, turn off the vacuum.

e Remove the blot and let it dry, until no visible mois-
ture remains.

e For immunodetection, follow the immunoblotting
protocol described in Chap. 43.
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45.1 Introduction and Purpose

The stripping process is applied after western blot or
dot blot analyses. This process disrupts the antigen-
antibody interaction and allows probing sequentially a
single blot on a membrane with a different primary
antibody. The method described hereafter [1] is useful
especially for process optimization or when the sample
amount is limited.

45.2 Protocol

45.2.1 Reagents'

e Stripping solution (100 mM B-mercaptoethanol,
2% (v/v) SDS,? 62.5 mM Tris—HCI, pH 6.7)°
e Double-distilled water

45.2.2 Equipment

e Orbital shaker
e Shallow trays, large enough to hold the blot
e Oven

'If not specified, all the buffers are made in distilled water.

*You can use a stock solution of 10% SDS (w/v). SDS powder is
toxic. You should weigh it under a chemical hood and use a
close box when you transport it out in order to avoid breathing
the dust.

3t is better to prepare this solution under a chemical hood,
because -Mercaptoethanol is very toxic. The waste has to be
collected with hazardous chemical waste.

277

DOI: 10.1007/978-3-642-17890-0_45, © Springer-Verlag Berlin Heidelberg 2011



278

V. Faoro and G. Stanta

45.2.3 Method

* Place the membrane for 30 min in Stripping solution
and incubate with agitation for 30 min at 50°C.*

*  Wash the membrane with double-distilled water two
to three times.

e Test if the enzyme conjugate and the primary anti-
body are completely removed by incubating the
membrane, with substrate or with the secondary
antibody and substrate and by imaging the blot
respectively.’

e Perform the immunodetection as described in the
western blot protocol from incubation with blocking
solution.®

“It is convenient to cover the plastic trays well in order to

minimize exposure to fumes. When covers are not used, these
procedures should be done in a fume hood. The waste has to be
collected with hazardous chemical waste.

°If no signal is detected after 5 min exposure, we know that the

enzyme conjugate and the primary antibody have been
successfully removed from the membrane. If the signal is still
detected, repeat the incubation of the membrane in Stripping
solution for additional time or at higher temperature.

°Alternatively, the membrane at this stage can be dried by
wrapping it with plastic film and stored at 4°C until use.

Reference
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46.1 Introduction and Purpose

Protein microarrays are an emerging class of nano-
technology assays for tracking many different proteins
simultaneously. They may be subdivided as follows:
(1) arrays for protein profiling and (2) arrays for func-
tional studies [1-3]. Arrays for protein profiling can be
further divided into (a) forward and (b) reverse-phase
protein microarrays, depending on the way the sample
is applied. In the case of the forward array setting, the
protein lysate is analyzed on a single microarray con-
taining up to several thousand different capture mole-
cules, e.g. antibodies or aptamers. Here, many proteins
of interest can be analyzed in one sample during the
same experiment. In contrast, in the so-called reverse-
phase protein microarrays (or protein lysate microar-
rays), hundreds or thousands of different protein
lysates are immobilized onto one array. Using an
appropriate ligand or antibody, one protein can be
assayed in a large number of samples [4-7]. In these
guidelines, only reverse-phase protein microarrays are
described.

46.2 Protein Spotting

46.2.1 Reagents

e Qproteome FFPE Tissue Kit buffer (QIAGEN, cat
No. 37623)

e Double -distilled water (autoclaved)

e Desiccant (e.g., from Roth GmbH, Germany)

* Ice
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46.2.2 Equipment

* Pipette, range: (2-20 pl)

e 1.5 ml tubes

e Ice box

*  Microtiter plates

e Sealing foils'

e Centrifuge (with plate-adapters)

e Vortex

e Spotting device (e.g., BioOdyssey Calligrapher
MiniArrayer (BioRad,) including waterbath with
cooling possibility?

e Pins’ (e.g., ANOPOLLI, size PTS 200)

o FastSlides (e.g., Whatman/Schleicher & Schuell,
cat No. 10484182)*

46.2.3 Method

46.2.3.1 Preparing Lysates

1. Thaw protein extracts and Qproteome FFPE Tissue
Kit buffer on ice and mix them by vortexing.

2. Dilute the lysates with the extraction buffer (undi-
luted, 1:2, 1:4, 1:8, 1:16).5

3. Place a microtiter plate (64-well or 384-well) on ice
and arrange the lysates into the well, starting on the
left corner on top of the plate; put one case with all
the dilutions after another, ending after each dilu-
tion-row is with one well of buffer (as negative
control).

4. Seal the plate with a foil.

5. Centrifuge the plate at 4°C and about 1,000 rcf (g)
for 1-2 min to get rid of air bubbles.

6. Keep the plate on ice until the protein spotter is
ready to use.

'Sealing foils are preferred which allow easy peal-off while
avoiding evaporation.

Alternatively, a manual hand-held spotter, e.g. MicroCaster™
Hand-Held Microarrayer System, Schleicher & Schuell, order
No. 10485047, may be used.

3Solid pins are preferred.

“These glass slides are coated with nitrocellulose which has high
protein binding capacity.

“The volume for spotting should be at least 10 pl in each well.
Using less volume may result in irregular spotting.

46.2.3.2 Spotting

Prepare spotter, e.g. BioOdyssey Calligrapher Mini-
Arrayer, as follows:

1. Set the humidity value between 55% and 60% and
the temperature on 8°C.

2. Prepare waste and supply bottles for washing
steps.

3. Load the pins into the print head.

Place the slides (max. 16) into the spotter.

5. Create your run (e.g., define number of spots, dis-
tance between spots, printing directions, number of
reprints, and sample picking direction).

6. Place the source plate into the spotter.

7. Start the run.

»

After the run you can keep the spotted slides dry at 4°C
until protein detection.

46.3 Protein Detection on Reverse-Phase
Protein Microarrays

46.3.1 Reagents

e Wash buffer: TBST Buffer (20 mM Tris-HCI, 150 mM
NaCl, pH 7.6 Tween20 0.1%) or PBST Buffer
(PBS +Tween20 0.1%)

» Peroxidase blocking reagent (e.g., from DAKO cat.
No S2023)

*  Milk powder

* BSA

e Casein

e Primary antibody specific for the protein of interest,
diluted in blocking or wash buffer

e HRP-conjugated secondary antibody, specific for
primary antibody, diluted in blocking buffer

e Chemiluminescent reagents for immunodetection
(e.g. Amersham Biosciences ECL Western Blotting
Detection Reagents, or ECL plus or ECL Advanced
or Millipore Immobilon™ Western Chemilumi-
nescent Substrates)

e Special chemicals for development and fixing of the
X-ray film (e.g., Kodak)

e Sypro Ruby (SYPRO® Ruby Protein Gel Stain,
Molecular Probes cat. No S12000)
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Table 46.1 List of primary antibodies and conditions

Antibody against Blocking Dilution primary Ab Dilution solution

E-cad, Clone 36, BD Biosciences, 5% MP/TBST 1:5,000 5% MP/TBST

San Diego, USA

EGFR, #2,232, New England Biolabs 5% MP/TBST 1:2,000 5% BSA/TBST

B-Actin, Sigma Aldrich Chemie GmbH, 5% MP/TBST 1:10,000 5% MP/TBST

Steinheim, Germany

Her2, Code A0485, DakoCytomation, 5% MP/TBST 1:500 TBST

Hamburg, Germany

ERa, 578-595, Sigma 0.5% Casein/TBS 1:3,000 0.5% Casein/TBST
46.3.2 Equipments 5. Gently shake at room temperature for at least 1 h.

6. Incubate the slides with the primary antibody at
4°C over night (16 h)’, while gently shaking (the
dilution and also the kind of diluent depends on the
suggestion of the antibody company or your own
experience).

*  Shaker

» Slide incubation chambers

* Pipette, range: (0.5-10; 2-20; 20-100 pl)
e Cold storage room (4°C) with shaker

* Glass-plate Possible conditions for using the following primary
» Sheet protector foils (clear and as thin as possible)  antibodies (examples) are reported in Table 46.1.

* Autoradiography cassettes

e Dark room with red-light

e X-ray films 46.3.3.2 Detection of Slides
e Special chemicals for development and fixing of the
X-ray film (e.g., Kodak) The next day, after discarding antibody solution, wash

three times for 10 min each with TBST

1. Incubate the slides with the secondary antibody

46.3.3 Method for 1 h at room temperature (22°C) or 2 h at 4°C
with shaking.

2. Discard the secondary antibody and wash again in

TBST several times.?

Let TBST rinse a little from the slides.’

4. Place the slides on a glass plate and pour the detec-
tion reagent directly on top of the slides (appr.
500 pl per slide) and leave them there for 5 min
(switch off room lights).!

5. Let the detection reagent rinse a little and put the
slides in a sheet protector, heat seal, put in an auto-
radiography cassette.

46.3.3.1 Incubating Slides

(O8]

1. Take slides from 4°C storage and prewet them
shortly in TBST buffer by gently shaking (in an
incubation chamber) on a shaker or rocker.®

2. Discard the TBST buffer and pour peroxidase
blocking reagent on the slides and let them gently
shake at room temperature for 1 h.

3. Discard the blocking reagent and wash three times
for 2 min each with TBST

4. Incubate the slides with the blocking solution which
is suitable for the desired antibody (in general
5% milk powder in TBST will do, but it can also be 7Shor'ter incubati(.)n times at room temperature may also be
5% BSA in TBST or a mixture of both or casein- " ossible, depending on the workflow.
based).

8For example: 2x 5 min, 1x 10 min with two or three changes,
1 x5 min.

IMPORTANT: do not let them dry out!

For example Heraeus Quadriperm incubation chambers can be  “Tip: for even distribution of detection reagent place a blown
used; here, only 3 ml of solution is needed. film for the last 2 min over the slides.
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Table 46.2 Conditions for the secondary antibodies

Secondary Ab  Dilution Diluent Detection

secondary Ab
1:10,000

Antimouse 5% MP/TBST ECL plus

Antirabbit 1:2,000 5% MP/TBST ECL plus

1

6. In the dark room expose films for different times.

7. Develop films (similar to western blot) and scan them
individually on a scanner (e.g. Scanjet 3,770, Hewlett-
Packard, Hamburg, Germany) with 1,200 dpi.

8. Save as tiff files.

9. Analyze withappropriate software,e.g. Scionlmage
(Scion Corporation, Frederick, MA, USA) or Micro Vi-
gene™ (VigeneTech, Carlisle, MA 01741, USA)

0. Normalize to total protein (Sypro Ruby detection,
see below).

Possible conditions for secondary antibodies are
reported in Table 46.2.

46.4 Estimation of Total Protein with

Sypro Ruby Staining

One of the spotted slides is stained with SYPRO Ruby
protein stain in order to normalize the signal intensity
to total protein content:

1.

Prewet the slide briefly in TBST.

2. After discarding TBST, incubate the slide in 7%

hed

acetic acid and 10% methanol for 15 min in a stain-
ing dish by gentle agitation.
Wash four times in deionized water for 5 min each.

4. Incubate the slide in SYPRO Ruby protein stain for

15 min with gentle shaking.

~

5. Wash the slide four to six times for 1 min each in

deionized water.

6. Visualize the staining on an imaging system, e.g.

Eagle Eye (Stratagene, La Jolla, CA).

Analyze with appropriate software, e.g. Scionlmage
(Scion Corporation, Frederick, MA, USA) or
MicroVigene™ (VigeneTech, Carlisle, MA 01741,
USA).
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Content Mass Spectrometry (MS) is the most powerful tech-
nology currently used to identify proteins. Mass spec-
References...............ccocooiiiiiiiiiie 286 trometryisatechniquethatmeasuresthe mass-to-charge

ratio (m/z) of ions in the gas phase. MS instrumenta-
tion has been greatly modified and improved in the
recent decades. Highly sensitive, robust instruments
have been developed to consistently analyze biomole-
cules, proteins, and peptides in particular. Mass spec-
trometers can be automated and can achieve sensitivity
down to the femtomole level.

In a typical proteomics experiment, proteins are
first separated by two-dimensional electrophoresis
(or other separation methods); spots containing the
proteins of interest are then excised from the gels
and degraded enzymatically to peptides, usually
using trypsin. The peptides are then ionized; the most
frequent techniques used to volatize and ionize pep-
tides are electrospray ionization (ESI) and matrix-
assisted laser desorption/ionization (MALDI). In ESI,
a liquid sample is introduced through a needle into the
orifice of the mass spectrometer, where a potential dif-
ference between the capillary and the inlet to the mass
spectrometer results in the generation of a fine mist of
charged droplets; as the solvent evaporates, the sizes of
the droplets decrease, resulting in the formation of des-
olvated ions [1]. In MALDI, the sample is incorporated
into matrix molecules and then subjected to irradiation

by a laser. The laser promotes the formation of molec-
V. Faoro (D<) ) Y .

Department of Medical, Surgical and Health Sciences, ular ions [2]. The ionized peptides enter the mass
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These analyzers can be alone or, in some cases, put
together in tandem to take advantage of each [3]. The
resulting mass spectrum is converted to a list of pep-
tide masses that is searched against specific protein
databases, and compared with in silico trypsin-digested
proteins in order to identify the protein of interest.

In the so-called “shotgun approaches,” mass spec-
trometry can be used to determine relative levels of
expression without the need for prior gel separation.
Isotope-coded affinity tags (ICAT) is a high-throughput
MS-based technique that allows both sequence identity
and quantitative analysis of complex protein mixtures.
The samples to be compared (e.g., cancer versus nor-
mal sample) are each labeled with an ICAT reagent,
which exists in an isotopically heavy and light form;
this reagent couples to cysteine residues of the proteins.
Then the two samples are combined and are enzymati-
cally cleaved to generate peptide fragments, some of
which are tagged. The tagged (cysteine-containing)
peptides are isolated by avidin affinity chromatography
and, finally, analyzed by MS [4].

Other labeling techniques are also available [5].
Proteins can be isotopically tagged by means of
enzyme-catalyzed incorporation of heavy water (30
water) during proteolysis; each peptide is labeled at the
carboxy terminal [6, 7]. In the global internal standard
technology (GIST), the control and experimental sam-
ples are tagged with deuterated and nondeuterated form
of an acylating agent [8]. Recently, a new generation of
tagging reagent, iTRAQ, has been introduced; this
technology makes use of amine-specific, stable isotope
reagents that can label all peptides of up to four differ-
ent biological samples simultaneously. However, in this
approach, the labeling process occurs after proteolytic
digestion [9, 10]. Proteins can also be metabolically
labeled by growing two distinct cellular populations in
labeled amino acid (e.g., ?C and *C, N or *N) media.
This method is called ““stable isotope labeling with amino
acids in cell culture” (SILAC). However, this method is
valid only for cell culture and for samples capable of
undergoing protein synthesis in vitro [11, 12].

Currently surface-enhanced laser desorption and
ionization (SELDI) technology appears to be the prev-
alent approach to proteomics [13]. This technology,
arising from the MALDI technique, refers to the
process of affinity capture on special chemical sur-
faces, followed by precise mass analysis using laser
desorption/ionization-based detection. The proteins

are directly captured on a specific protein array from
the original source material, without previous sample
preparation. The arrays could have a chemically treated
surface (such as cationic, anionic, metal affinity, hydro-
phobic, or hydrophilic) or a biological surface, coupled
with appropriate molecules (such as antibodies or
receptors) for specific interaction with proteins of
interest. Once washing away the unbound proteins, the
array represents a sort of protein map of a specific tis-
sue or disease state in which the bound proteins are
detected quantitatively by the instrument reader. The
spectra of complex protein mixtures represent the
mass-to-charge ratio (m/z) of proteins and their binding
affinity to the chip surface. The obtained data give
information about differentially expressed proteins in
the same tissue; moreover, it is also possible to com-
pare the peak intensities obtained from samples repre-
senting different physiological or pathological states
[14, 15]. High sensitivity, throughput, and resolving
power make this technique suitable for clinical appli-
cations in biomarker discovery [16-25].
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48.1 Introduction and Purpose

Once the protein lysates are separated on polyacrylam-
ide gels (SDS-PAGE), the interested proteins can be
excised from gels, digested with trypsin, and identi-
fied by Mass Spectrometry (MS). The protocol
described here applies to one- or two-dimensional gels
stained with Coomassie brilliant blue R250 or G250 or
with silver [1, 2]. The method is compatible with
downstream MS experiments; by including H,"O into
the digestion buffer [3-5] or by mixing SILAC-labeled
protein mixtures before separation, it enables quantifi-
cation of the digestion products [6, 7].

Careful attention should be paid in casting the gels
and handling the excised spots or bands of interest in
order to avoid the risk of contaminating samples with
keratin and enhanced chemical noise in analyzed
samples. (Measures to minimize this contamination
are described in paragraph “Protein Handling” in
Chap. 36).

48.1.1 Reagents'

e Double-distilled water

e 30 mM Potassium ferricyanide

e 100 mM Sodium thiosulfate

e 100 mM Ammonium bicarbonate

e 100 mM Ammonium bicarbonate/Acetonitrile
(50:50, v/v)

e 10 mM DTT in 100 mM Ammonium bicarbonate

e 50 mM lodoacetamide in 100 mM Ammonium
bicarbonate

'If not specified, all the buffers are made in distilled water.
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e 20 mM Ammonium bicarbonate/Acetonitrile
(50:50, v/v)

e Trypsin (e.g. Promega)

e 60% Acetonitrile, 1% Trifluoroacetic acid (TFA)

48.1.2 Equipment

* Adjustable pipettes, range: 2-20 ul, 20-200 pl,
100-1,000 pl

e Scalpel

e 1.5 ml tubes

e Teflon stick

e Speed vacuum centrifuge

e Light box

48.1.3 Method

* Rinse the entire slab of a one- or two-dimensional
gel with water for few hours.

o Put a plastic tray with gel onto a light box.

e Excise manually with a scalpel the selected spots
for further MS analysis from the preparative gel®.

e Place the individual gel samples in a 1.5 ml tube.

e Add 300 pl of double-distilled water>.

» Toremove silver staining, place the samplesina 1:1
mix of 30 mM potassium ferricyanide and 100 mM
sodium thiosulfate until the gel pieces turn clear.

* Discard this solution and wash each gel sample
with 300 pl of double-distilled water for 15 min. If
identification of Coomassie-stained bands (spots) is
intended, skip these two steps and proceed with the
next one.

* Add 300 pl of 100 mM ammonium bicarbonate into
the solution, and incubate the gel pieces for addi-
tional 15 min.

e Discard the solution and wash the bands with
100 mM of ammonium bicarbonate/acetonitrile for
15 min.

2Only the darkest zone of the spot must be cut-off.

’The cut spots can be stored for many weeks at 4°C before
performing MS experiments by the specialist group.

* Remove this solution and crush the gel samples
with a Teflon stick.

e Add 100 pl of acetonitrile for 5 min.

e Remove the acetonitrile and dry the bands in a
Speed vacuum centrifuge for 5 min.

* Resuspend the sample in 50 pl of 10 mM DTT in
100 mM ammonium bicarbonate and incubate for
1 hat 56°C.

* Remove the solution and place the samples in 50 pl
of 50mM iodoacetamide in 100 mM ammonium
bicarbonate at room temperature for 30 min in the
dark.

* Remove the solution and wash the gel samples with
300 pl of 100 mM ammonium bicarbonate for
15 min.

e Place the samples in 300 pl of 20 mM ammonium
bicarbonate/acetonitrile (50:50, v/v) for 15 min.

* Replace the previous solution with 100 pl of
acetonitrile and leave at room temperature for
5 min.

* Dry the samples in a Speed vacuum centrifuge for
10 min.

e Resuspend with 5 pl of trypsin* (0.1 pg/ul) in
100 mM ammonium bicarbonate pH 8.0 for
10 min.

e Add 100 pl of 100 mM ammonium bicarbonate and
carry out the digestion overnight at 37°C.

e Collect the supernatant in a second microcentrifuge
tube.

* Wash the gel pieces once with 100 ul of double-
distilled water and twice with 100 pl of 60% ace-
tonitrile/1% TFA.

* Pool all the washes and add to the previously col-
lected supernatant. Reduce the volume of the solu-
tion to 5-10 pl in a Speed vacuum centrifuge and
store the sample at 4°C until analyzed with the mass
spectrometer.

“Trypsin specifically hydrolyzes peptide bonds at the carboxylic

sides of lysine and arginine residues. Unmodified trypsin is
subject to autolysis, generating fragments that can interfere
with mass spectrometry analysis of the peptides. In addition,
autolysis can result in the generation of pseudotrypsin, which
has been shown to exhibit an additional chymotrypsin-like
specificity. Promega trypsin has been modified by reductive
methylation, rendering it extremely resistant to autolytic
digestion. It is very important to maintain an adequate enzyme/
substrate ratio to maximize the digestion. This ratio is much
higher than the one needed for in-solution digestion.
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peptides before Imaging Mass Spectrometry.

The required time for the sample preparation is one
working day (6-8 h) and the time for the sample mea-
surement is between 1 and 12 h, depending on its size.

49.2 Protocol

49.2.1 Reagents'

e Acetic acid (HPLC grade, Sigma-Aldrich)

e Acetonitrile (ACN) (HPLC grade, Sigma-Aldrich)

* Ammonium bicarbonate (reagent grade, Sigma-
Aldrich)

e a-Cyano-4-hydroxycinnamic acid (CHCA)*(MALDI
TOF-MS grade, Sigma-Aldrich)

* EDTA (reagent grade, Sigma-Aldrich)

e Ethanol (HPLC grade, Sigma-Aldrich)

* Trifluoroacetic acid (TFA)* (HPLC grade, Sigma-

Aldrich)
A. Walch (<)) and S. Rauser o Tris base (reagent grade, Sigma-Aldrich)
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e Water (HPLC grade, Sigma-Aldrich)

e Xylene (HPLC grade, Sigma-Aldrich)

* Ammonium bicarbonate solution 100 mM in ddH,0

* CHCA matrix solution’ (7 g/L in ACN:H,0 1:1
with 0.2% TFA)

* Trypsin stock solution (0.5 pg/pL trypsin in 50 mM
acetic acid)

e Trypsin solution®( dilute 50 uL trypsin stock solu-
tion with 500 uL. 100 mM ammonium bicarbonate
solution)

e Tris-EDTA pH 9.0 solution (10 mM Tris Base,
1 mM EDTA in ddH,0)

49.2.2 Equipment

e Cuvettes (100 mL)

* Hot plate (40°C)

e ImagePrep spray roboter (Bruker Daltonics)

e Incubator (65°C)

e Ultraflex IIl MALDI-TOF/TOF mass spectrometer
(Bruker Daltonics)

e FlexControl 3.0, FlexImaging 2.1, and ClinProTools
2.2 software (Bruker Daltonics)

e Indium-tin-oxide (ITO)-coated
Daltonics)

e Portrait 630 reagent multispotter (Labcyte)

*  Microtome

*  Microwave

slides (Bruker

49.2.3 Method

49.2.3.1 Tissue Preparation

e Cool the FFPE tissue block at —20°C before
cutting.

e Using a clean and sharp microtome blade make a
5 um section of FFPE sample and mount it onto an
ITO-coated slide.

e Incubate for 10 min on a hot plate (60°C).

* Remove the paraffin by washing twice with xylene
in a 100 mL cuvette for 20 min.

3Store the solution for less than 1 week.

e Rehydrate the sample by washing with 100%, 95%,
80%, and 70% ethanol for 5 min each (in 100 mL
cuvettes).

e Warmup 1 L of Tris-EDTA pH 9.0 buffer to boiling
temperature in the microwave.

e Transfer the sample slide on a rack into the pre-
heated buffer and boil it for 20 min in the micro-
wave (350 W). #

* Wash with double-distilled water for 5 min in
100 mL cuvette.

e Dry for 10 min on a hot plate (40°C).

49.2.3.2 On-Tissue Digestion

* Spot trypsin solution onto the sample using a multi-
spotter. The spots have a centre to centre distance of
250 pm and each spot is 175 um in diameter. On
each spot 30 cycles of trypsin solution are added. In
each cycle 160 pl are added.

e After each cycle, the sample is incubated for 5 min
at room temperature.

e After digestion continue directly with the matrix
coating.

49.2.3.3 Matrix Coating

e The sample is spray-coated with CHCA matrix
solution using the ImagePrep spray roboter. For
this, the ImagePrep is set up according to the manu-
facturer’s protocol and the standard programme for
CHCA is used.

49.2.3.4 MALDI Imaging Mass Spectrometry
and Data Analysis

Analysis is performed using an Ultraflex III MALDI-
TOF/TOF mass spectrometer equipped with a smart
beam N, laser. The spectrometer is operated using the
Flex Control 3.0 software in positive polarity in reflec-
tron mode. The acquisition range is 700-5,000m/z.
200 spots per spot position are collected.

For data analysis the Flex Imaging 2.1 and
ClinProTools 2.2 software are used.

“In order to prevent evaporation of large amount of water, loosely
place a lid onto the containment.
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Content In recent years, both basic and clinical research have
joined their efforts to translate scientific discoveries
References...............cccoooiiiiii 301 into practice, from bench to bedside applications.

Therefore a rapidly increasing number of laboratories
are now establishing the molecular technologies to be
used both in a clinical and a translational research set-
ting. This results in an obvious need for standardiza-
tion and harmonization of the developed test systems
and of the laboratory procedures among different
institutions.

Good Laboratory Practice (GLP) generally refers
to a quality system concerned with the organizational
process and the conditions under which studies are
planned, performed, monitored, recorded, archived,
and reported. The main goal of this system is to ensure
the consistency and reliability of the results and there-
fore their mutual acceptance among all countries [1].
To this regard, many regulatory and guidance materi-
als have been developed over time by governmental
authorities and by accrediting or nonaccrediting
organizations.

A first set of regulatory standards was developed in
the late 1970s by the Organization for Economic
Cooperation and Development (OECD) and by the
Food and Drug Administration (FDA) [2] for assess-
ing chemicals and testing safety of chemical products,
including pharmaceuticals. The OECD standards,
reviewed in 1997, dealt with a set of core elements
including organization, quality assurance, facilities,
test systems, controls, study design, and reporting
of results relevant to nonclinical health and environ-
mental safety studies (Table 50.1) [1]. Almost in the

G. Stanta (D<)
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Table 50.1 GLP and GCLP core elements

Organization and personnel.

Defines management-, sponsor-, study director-, principle
investigator- and personnel- responsibilities

Quality assurance programme.

Responsibilities of the quality assurance personnel related
to study conduction, facilities adequacy, and process
compliance to GLP.

C

Facilities.

Definition of facilities for testing, for sample and reference
items storage, for waste disposal, for archives.

Apparatus, materials, and reagents.

Standards for equipment maintenance and inspection,
reagents labeling and storage.

Test systems; test and reference items.

Standards for test systems and controls handling,
verification, labeling, and storage.

Standard operating procedures.

Guidelines for SOP writing and applicability.
Performance of study.

Definition of the study plan and conduct of study.

C

Reporting. Retention of records.

Requirements for reporting of results and for retention
of records.

Organization and personnel.

Defines responsibilities, job description, training, competency
assessments, performance evaluation, and education
programme for all the personnel.

Quality control programme.

Procedures for monitoring: test standards and controls,
reagents, specimens, review of QC data, QC logs, and
inventory.

Verification of performance specifications.
Standards for assay validation in clinical trials.
Physical facilities.

Requirements for equipment placement, workplace environ-
ment, work areas.

Equipment, materials, and reagents.

Standards for equipment maintenance and inspection.
Requirements for reagents and reference material verification,
labeling and storage.

See “Quality control programme” and “Equipment, material,
and reagents” core elements.

Standard operating procedures.

Guidelines for SOP writing and applicability.

Planning and conduct.

Definition of the study plan and conduct of study.

Specimen transport and management.

Required activities for collection, transportation, and receipt.
Personnel safety.

Required activities, equipment, and training.

Records and reports.

Requirements for reporting of results and for archiving reports.
Standards for laboratory information system.

Elements described especially according to *OECD 1997 guidelines [1] and FDA’s 21 CFR part.58 [10];

°ISO 15189 [4], CLIA [11], CAP [19], and BARQA [12].
“The topic has not been adequately described

Medical Laboratory). This standard introduced guide-
lines on specimen management, personnel safety, and
verification of performance (mainly based on the ISO
17025:1999, the generic standard for testing and cali-
bration laboratories), as core elements of the GLP.
Currently, the ISO 15189 and 17025 guidelines are

still relevant to all general clinical chemistry labora-
tories, and compliance to their standards is required
for laboratory accreditation [3-5]. However, the ever-
growing demand for molecular genetic testing still
awaits coverage from ISO standards [6]. A draft of
the best practice guidelines addressing testing for
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inherited disorders was developed by the European
Molecular Genetics Quality Network (EMQN) in 2001
[7] and the draft for quality assurance in genetic testing
was finally issued by OECD in 2006 [6]. Importantly,
this latter draft recognized that research laboratories
play a pivotal role in providing tests for genetic disor-
ders, and supplied guidance standards for the valida-
tion and translation into clinical practice of new tests.

Particular surveillance and standardization are
needed by activities of laboratories that perform the
analysis or evaluation of samples collected as part of a
clinical trial. In 1997, the European Medicine Agency
(EMEA) introduced a set of regulatory elements
concerning ethical and scientific quality standards for
designing, conducting, recording, and reporting trials
that involve the participation of human subjects (Good
Clinical Practice, GCP) [8]. More recently, GCP was
recognized as too vague with respect to sample analy-
sis to ensure practical implementation in clinical trials
[9]. Consequently, GCP was implemented with appli-
cable portions of GLP and ISO 15189 standards [4, 10]
by the joined effort of the British Association of
Research Quality Assurance (BARQA) and USA
governmental authorities [11, 12]. This resulted in the
creation of the hybrid Good Clinical Laboratory
Practice (GCLP) guidelines, which allowed connect-
ing activities of basic research and clinical research
laboratories (Table 50.1) [13-15].

To date, many relevant fields are still waiting for
dedicated protocols from GLP standards. For example,
only peculiar branches of basic and translational
molecular research on human archive tissues have
been addressed so far. Among these, requirements for
biospecimen resource centers were formalized by
OECD and NCI in 2007 [16, 17]. Although these
guidelines recognize that the reliability of data from
molecular assays is heavily dependent on the quality
and consistency of the analyzed biospecimens, they do
not specify in detail the technical requirements for
preanalytical managing of tissues [18]. Many other
relevant issues of translational research, such as RNA
testing and proteomics, do not benefit from dedicated
items in current international standards. This is even
more important because, in our experience, standard-
ization of the methods by commercial kits is not suf-
ficient to guarantee reproducibility; good laboratory
practice is absolutely necessary to obtain reliable
results [20].
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51.1 Introduction and Purpose

There is some contiguity between translational research in
human tissues and clinical application of the same type of
analysis. For this reason, the authors deemed it pertinent to
report some suggestions on Internal Quality Control (IQC)
in this book. Most of these considerations can be useful
also for a correct internal research procedure and for mul-
ticentric studies to obtain more reproducible results.

The World Health Organization defines the internal
quality control as the set of procedures undertaken by
the staff of a laboratory for continuously assessing labo-
ratory work and the emergent results. This definition
proposed in 1981 can still be used in molecular medi-
cine clinical analyses.

The following IQC procedures are derived from
the direct experience of the IMPACTS group (www.
impactsnetwork.eu) and compared with guide-
lines reported from EMQN (European Molecular
Genetics Quality Network — http://www.emqn.org)
[1, 2], SGMG guidelines (Schweizerische Gesellshaft
fiir Medizinische Genetik — http://www.ssgm.ch),
College of American Pathologists (http://www.cap.
org), and CLIA (Clinical Laboratory Improvement
Amendments - http://www.cms.gov/clia/) [3].

The following IQC procedures are especially dedi-
cated to archive tissue molecular analysis and are
meant to represent a short, basic report also for further
discussion and implementation.

51.1.1 1QC Procedures

It is possible to divide the IQC procedures into two
main parts, those related to the examined samples and
those referred to the entire laboratory.
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e Sample-related procedures:
— Sample reception
— Sample storage
— Sample handling
— Controls
— Interpretation of the results
— Reporting

e Laboratory-related procedures:
— Documentation
— Biological and chemical hazards
— Audit

Staff training

Test validation procedures

51.2 Sample-Related
Procedures

51.2.1 Sample Reception

* Record of the sample reception and request form
should be done on a computer data base system with
specific characteristics of security, such as one having
a restricted access with frequently changed personal
passwords and with a continuous system of back-up.

e Patient identification should come with at least
two different types of information (for example,
the printed label with name and date of birth plus
hospital or Health System code, etc.). In the cases
in which this is impossible, such as in cases of out-
side patients or foreign people, a specific partial
data procedure should be present in the reception
system.

e The technician who accepts the sample should
check that the specimen corresponds to the charac-
teristics reported in the request form (number of
containers and of samples, sample size, etc.). In
case of incorrect samples reception, this should be
reported in the record system.

* In case the sample has already been studied
during histopathological examination in the
Pathology Department, the reference information
should be conveyed to the pathology reception,
but in a specific separate file and computerized
system.

51.2.2 Sample Storage

The tissue samples or the extracted macromole-
cules should be stored in well-defined conditions
of temperature, humidity and, if possible, in ali-
quots with a safe system of storage, with a reliable
procedure of labels and with a safe system of recov-
ery'. The availability of aliquots should be reported
in the computerized system to repeat the molecular
examination or to add new types of molecular anal-
ysis. The residual samples or the aliquots should be
stored for at least 1 year.

Internal or consult paraffin blocks should be stored
as usual in the Pathology Departments (for archive
tissues, country-specific rules have been adopted).
It is better to cut sections from the paraffin block
just before analysis.

Cores of tissues punched from donor paraffin blocks
can be transferred by means of a tissue arrayer
apparatus into a recipient block. In this way, most
of the original tissue is preserved for further
examination (see Chap. 5).

If possible the preanalytical conditions of any
sample should be recorded and, when available,
standardized procedures should be used?.

Special rules should be followed when (handling)
storing RNA (see Sect. 12.2) and also when (han-
dling) storing proteins (see paragraph “Protein
handling” in chapter 36).

51.2.3 Sample Handling

Dedicated areas in which the tissue samples can be
handled should be well defined, with safety cabi-
nets, dedicated instruments, pipettes etc., espe-
cially for the molecular amplification procedures
(separate areas for pre- and postamplification — see
Sect. 12.2).

Mix-up risk of samples should be minimized, with
minimum tube to tube transfer; for each laboratory

'For cryopreservation, see http://www.cryobiosystem-imv.com/
CBS/Cryobiology/cons_cbs.asp

See Chap. 2.
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method, a procedure sheet should be kept ready to
check all the steps of the protocol.

* A record of all the laboratory solutions and batches
of reagents (with preparation dates and name of the
operator also on the bottle) should be kept and the
reference should also be reported in any procedure
sheet.

e Procedure automation, and commercial reagents
and solutions should improve the standardization of
the methods, but correct and validated laboratory
procedures are always necessary to obtain repro-
ducible results [4].

e Special rules should be followed when handling
RNA (see Sect. 12.2). These rules can be very use-
ful, for example, in laboratories that already have
well-developed facilities for DNA analysis and
where an underevaluation of the importance of dif-
ferent precautions in RNA treatment could lead to
detrimental consequences.

* Special rules should be followed when handling
proteins (see paragraph “Protein handling” in
chapter).

51.2.4 Controls

The controls can be method and sample related.

* The method-related controls are:

— Positive control as sample processing control
(positive tissue, specific cell line, or specific
molecular construct); this control should be per-
formed for each analysis battery;

— Negative control as contamination control (for
FFPE tissues, a good control is the processing of
sections cut from a paraffin block without tissue
included); this control should be performed for
each analysis battery;

— Quantitative analysis and sensitivity control.
This can be performed once, when the method is
settled or each time the method is modified
(determination of the limits of the sensitivity and
of the quantitative dynamic range); but whenever
a quantitative (e.g., real-time PCR) response is
expected, the use of control materials at more
than one level, such as a “high” and “low” con-
trol could be advisable in each run [3];

— Proper molecular markers should be used, if nec-
essary, for the interpretation of results (molecu-
lar weight ladder, etc.);

— Position control: this control is a reference point
to correctly establish the relative positions of the
samples in an analysis battery (for example, in a
dot-blot, this can be a specific sign put in the
upper right part of the blotted membrane,
etc....);

— Inhibition control: this must be done only once
when setting the method. For example, in PCR
procedures, add to the tested extraction solution
a sequence different from the target, absent in
the sample, and check amplification efficiency in
comparison with amplification of the same
sequence in optimally performed PCR solution.
(Examples of methods to establish the presence
of inhibitors have already been reported in
Chaps. 10 and 25).

The sample-related controls are (they must be per-

formed for each sample):

— Control of representativeness of tissues: it is
mandatory to control the representativeness of
tissues by histological examination and, if nec-
essary, a mechanical or laser microdissection
must be performed. The final sample should
contain at least 70% of cells representing the
analyzed lesion, but a higher percentage allows
better-defined analysis results;

— Target accessibility control, to establish that
macromolecules are amenable, and molecular
degradation control, to establish the level of
degradation of nucleic acids, are suggested in
most of the cases. The use of house-keeping
genes to standardize the results is necessary,
especially in AT. The target accessibility and the
molecular degradation controls can be the same
house-keeping genes analysis®.

— Biological variation controls: these must be per-
formed only once to assess for each new type of
tissue or test if there is any variation range related
e.g. to age or gender that could be confused with
pathological alterations.

3See Chaps. 17 and 21, and Sect. 25.5.
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51.2.5 Results Interpretation

An internal grading of the results should be applied,
dividing the results obtained into at least 3 levels: excel-
lent (clear result), less than excellent but reportable, not
reportable. The rules and limits of this grading should
be reported for any procedure result interpretation on
the laboratory manual (see Sect. 51.3).

51.2.6 Reporting

e Define local procedures of reporting with an estab-
lished agreement about the content of the clinical
report (by telephone, by e-mail, by fax, by internal
mail, etc....).

* All the reports should be signed by at least
two staff components (the technician who per-
formed the examination, the lab leader, and, if
necessary, the secretary who typed the report —
the initials of the names could be sufficient for
identification).

e All the raw data (gels picture, graphics, etc.) should
be stored for at least 5 years (this can be done also
on magnetic support).

51.3 Laboratory-Related
Procedures

51.3.1 Documentation

e Collection of all the laboratory procedures and
protocols should be kept in a laboratory manual as
constant reference text (Standard Operating
Procedures — SOP) that should be accessible to all
laboratory personnel. All the procedures to pre-
pare solutions, aliquots, and the places and tem-
perature of storage should also be reported, along
with the procedures for instrumentation set up and
correct use, and for equipment cleaning and steril-
ization (see Chap. 52).

e Periodic review of the protocols should be per-
formed and the old protocols should be recorded for
future interpretation of old data.

51.3.2 Biological and Chemical Hazards

The precautions for chemical hazards are already
reported here in the guidelines related to the specific
methods.

As for the biological hazards, all the fresh human
tissues should be considered as potentially infected
and infectious [5], and the precautions should be the
same as those taken in the pathology departments for
the treatment of human tissues.

The necessary precautions should be reported for
each protocol on the laboratory manual.

51.3.3 Audit

* A periodical revision of procedures, such as trace-
ability of analysis results and patient information,
security of data files, reproducibility of results, etc.
should be performed.

e Periodical revision of the results and related statis-
tics should be recorded.

51.3.4 Staff Training

e The technical staff must be specifically trained for
molecular analysis in tissues. A basic requirement
is that technicians must be specifically trained and
technicians with other professional skills cannot be
directly involved in this type of analysis if not prop-
erly prepared.

* A continuous training with internal and external
seminars and courses is necessary.

51.3.5 Test Validation Procedures*

e Validation of home-made protocols
already validated technical platforms:
— Method validation as reproducibility, accuracy,
specificity, and sensitivity.

adopting

“These procedures represent suggestions that can be modified
for specific tests.
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— Sample validation as quality, quantity, and
controls.

— Preparation of internal quality control-specific
programme and of Standard Operating
Procedures (SOP) that should be reported in the
laboratory manual.

* Validation of already diffused commercial kits:

— Minimum requirements: the kit must give an
added value in comparison with already existing
technical--clinical procedures.

— Validation of test components should meet
acceptable performance standards (intra- and
interlaboratory validation).

— Well-defined internal quality control procedures
and common SOPs among laboratories are abso-
lutely necessary to obtain comparable results [3, 4].

* For new research and industry proposals:

— Technological platform validation: the platforms
can be already validated or, in case of new platforms,
anew analytical validation procedure is necessary.

— Specificity test validation must be performed
with the use of at least one different method that
gives comparable results.

— Internal quality control and SOPs should be
prepared.

— Interlaboratory evaluation is strongly recom-
mended.

— A clinical performance evaluation should be per-
formed also during the possible future applica-
tion of the test. This should be done to evaluate
different clinical situations that laboratories may
encounter in patient testing.

It is of paramount importance that the laboratory joins
an organized External Quality Assessment (EQA)

available to obtain a sufficient level of proficiency.
In case specific EQAs are not available, a possible
alternative could be the regular performance of the
analysis in different laboratories, as reference labora-
tories, on the same sample and comparison of the
results obtained.

Laboratory accreditation for AT molecular analysis
should be considered specifically different from that
for genetic or general type of hospital laboratories
because of its peculiarities, starting from the material
that needs special competence and cautions to be prof-
itably analyzed. IQC procedures, clearly defined SOPs,
and participation in EQA programmes should be pre-
requisites for laboratory accreditation.
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52.1 Introduction and Purpose

Herein follows a proposed collection of Good Labora-
tory Practice (GLP)-compliant suggestions for optimal
management of basic laboratory equipment and
reagents. These elements were chosen because of their
(often neglected) relevance to an assay performance.
Most often researchers are faced with unexpected
assay results or unexplainable test failures: the way to
discover the underlying cause is often cumbersome
and time-wasteful. Laboratory compliance to GLP
principles is indubitably demanding but allows us to
get rid of many confounder elements. The following
proposal is based partly on applicable parts of existing
guidance elements (in particular, the Laboratory
Requirements as described by 42 CFR part 493 of
Clinical Laboratory Improvement Amendments) [1]
and partly on sound lab practices followed in the
IMPACTS institutions.

52.2 Equipment

The laboratory should be endowed with the equipment
necessary to perform all the analysis within the scope
of the laboratory. All equipment should be easily acces-
sible to the personnel. Instrumentation must be kept
clean, avoiding any build up of dust, dirt, and spills that
may adversely affect performance. Regular inspections
and preventive maintenance operations should be
scheduled on weekly, monthly, half-yearly, or annual
basis, depending on the type of instrument. These same
operations are also aimed to verify instrumentation per-
formance. Instrumentation suppliers usually indicate
upper and lower ranges around the expected instrumental
output of a given function (e.g., the temperature for a
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heating block or a refrigerator), typically set +2
std. dev. of the intended mean output monitored over
time. The laboratory must establish tolerance limits for
instrumentation performance that are consistent with
manufacturers’ specifications and/or with a given pro-
cedural activity. All instrumentations whose perfor-
mance is outside established limits should be returned
for service to the manufacturer or to a specialized facil-
ity. It is advisable to keep documentation of all sched-
uled maintenance operations or inspections performed,
as well as of calibrations, performance tests, and ser-
vices. All these activities must be performed according
to Standard Operating Procedures that must be written
and accessible to the personnel.

Importantly, instruments must be protected from
fluctuations and interruptions in electric power that
could adversely affect test results, reagents, and speci-
men preservation. To this regard, laboratory’s electric
power supply must be backed with an emergency
power system (EPS) to provide power resources when-
ever regular systems fail. Specific instruments, current
fluctuation-sensitive (e.g., a real-time thermal cycler),
should also be protected with an uninterruptible power
source (UPS) [2].

Herein are shown some examples of expected main-
tenance and sound GLP operations for molecular pathol-
ogy laboratory equipment.

52.2.1 Automatic Pipettors
and Pipetting Aids

All automatic pipettors should be autoclavable. If they
are used for nucleic acids processing, UV irradiation
(at 254 nm) is recommended after use, to prevent
carryover.

Volumetric accuracy and reproducibility of adjust-
able and fixed-volume automatic pipettors should be
checked before they are placed in service and at regular
time intervals, at least twice a year. For this latter oper-
ation and for calibration intervention it is preferable to
avail of an external, specialized contracting service.

52.2.2 Refrigerators and Freezers

Set temperature tolerance limits in accordance with the
needs of all reagents, supplies, and specimens stored

within them. Place low-temperatures (e.g., —80°C)
freezers in facilities that are well ventilated and far
from heat sources. Actual temperatures should be
monitored by means of external thermometers and
daily recorded. Low-temperature freezers and nitrogen
freezers are usually equipped with a 7-day battery-
operated chart recorder. Change the paper weekly.

Perform defrosting operations at the time intervals
suggested by the manufacturer. Time interval, how-
ever, may vary according to the number of times the
door is opened. The air condenser of low-temperature
freezers should be cleaned every 2 months, with soft
brushes or by blowing compressed air on it.

52.2.3 Incubators, Ovens, Thermoblocks,
and Water Baths

Establish tolerance limits for temperatures, carbon diox-
ide level, and humidity, as applicable. Maintain daily
record of temperatures. For cell culture incubators, a tol-
erance limit of +1°C between set temperature and mea-
sured temperature is usually adopted. Regular cleaning
and disinfection of internal surfaces must be scheduled.

52.2.4 Centrifuges

Operating speeds should be measured at least annually,
by means of a tachometer. To this purpose, it is recom-
mended to avail an external, specialized contracting ser-
vice. Performance of centrifuge timers by comparing to
a known standard should also be checked. Cleaning of
rotor and rotor chamber and lubrication of rotor and
swinging baskets should be performed in accordance to
the workload and manufacturer specifications.

52.2.5 Autoclaves

Autoclave performance check and temperature cali-
bration must be performed once a year, by a special-
ized service. Calibration ensures that correlation
between set temperature and saturated steam pressure
value is compliant with that expected (e.g., to a set
temperature of 121°C should correspond a saturated
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steam pressure of 1.08 bar, correlation tables are avail-
able). Compliance should be periodically monitored
by laboratory personnel along with a check of mechan-
ical timing device. Keep records of these operations.
Effective processing of material must be verified with
each autoclave run, by means of heat-sensitive tape.
Efficiency of sterilization can also be monitored, using
an appropriate biological indicator (e.g., commercially
available biological spores). Sterilization chamber
should be regularly cleaned and sanitized. Autoclave
feeding with demineralized water is recommended. If
this is not possible, possible limestone concretions can
be removed with a suitable detergent.

52.2.6 Laminar Air Flow Hoods/
Biosafety Cabinets

Both chemical fume hoods and biosafety cabinets must
be daily inspected to verify that filters and intake grills
are not obstructed. If the hood is equipped with an inflow
velocity meter, effectiveness of protective function
should also be daily verified, checking that inflow veloc-
ity is consistent with manufacturer‘s specifications. The
filter should be replaced in accordance with their opera-
tive run life, by qualified personnel only. Laminar air
flow hoods need to be serviced at least once per year, by
a certified maintenance company. Servicing should
include airflow control and its calibration, mechanical
(front panel and sliding window) and electrical system
control, and UV lamp (if present) [3]. Cabinet‘s work
surfaces should be cleaned after each use with 70% eth-
anol or other disinfectant as recommended by the manu-
facturer. It is recommended that the UV bulbs be cleaned
weekly with 70% ethanol to optimize the light output
and enhance germicidal effectiveness.

52.2.7 Analytical Balances

Set up the balance on a stable, even surface. Balance
must be protected from vibrations, air currents, heat
sources, chemical vapors, or moisture. Always ensure
that the instrument is leveled before use. Keep the bal-
ance clean, especially the weighing pan. The balance
should be checked for accuracy using standard weights
of the appropriate class at a scheduled frequency
(based on manufacturer suggestions) or at least once a

year. Availing of a certified, external service for cali-
bration is recommended.

52.2.8 Thermal Cyclers

Although usually designed for research purposes and
rarely intended for clinical use, thermal cyclers have
become standard equipment in the molecular pathol-
ogy lab. These instruments need particular surveillance
since their correct performance can affect the results of
many clinical tests. Maintenance procedures can be
performed in accordance to manufacturer’s guidelines.
Regular controls should include verification of thermal
accuracy across the entire sample block and monitor-
ing of cycle time reproducibility and of heating and
cooling rates. These controls are usually performed by
the instrument’s software. Whenever these instrument
functions are not available, monitoring should be per-
formed using an external calibrated device.

52.2.9 Glassware, Plasticware, Magnetic
Stirrers, and Spatulas

We deal with these items because of their potential
impact on home-made solution preparation and on
sample quality and suitability. Glass (bottles, beckers,
cylinders, trays, etc.) is sometimes preferred to plastic
because it is relatively inert, transparent, and more heat
resistant. All the glassware and equipment intended
for nucleic acids or proteins preparation must be soil-
or dirt-free and sterile and nuclease- or protease-free.
Wash equipment glassware after each use, using an
appropriate detergent and rinse with demineralized
water. Then, all items must be autoclaved at 120°C for
20'or at 134°C for 15'. This treatment is not sufficient
if material is intended for RNA handling, due to the
heat-resistant nature of RNases, which can be over-
come by overnight baking of the glassware at 180°C.
Alternatively, glassware and plasticware can be cleaned
by soaking them for at least 2 h in a 10% solution of
hydrogen peroxide or 1% SDS followed by thorough
washing with DEPC-treated water (see Chap. 12).
Note, however, that metal and some plastics may be
attacked by these reagents. Commercially available
solutions for RNase removal (e.g., Ambion RNaseZap
#AM9780) may provide an alternative solution.
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52.3 Materials and Reagents

Materials include consumable supplies such as cleans-
ing liquid, disposable gloves, disposable caps, pipettes,
pipette tips, test tubes, PCR microtubes, disposable
weighing paper, and bench paper; reagents include
water, chemicals, in-house prepared solutions, enzymes,
test kits, and control and calibration material.

The laboratory must have an established docu-
mented inventory control system for all supplies. This
system should include the recording of lot numbers
and expiration dates of all relevant reagents, control
materials, and calibrators; the date of receipt in the
laboratory; and the date the material is placed in ser-
vice. In order to avoid any interruption of laboratory
ability to perform testing, the inventory control system
should be structured to support the need to place sup-
plies order, whenever necessary [2].

Importantly, hazardous reagents should be handled
according to established safety rules. Waste disposal
must be in keeping with local legislation.

52.3.1 Consumable Plasticware

Materials such as single-use pipettes, pipette tips, test
tubes, and PCR microtubes can affect sample quality
and/or suitability; therefore, all previous recommenda-
tions concerning “glassware” apply also to plasticware.
However, since sterilization operations may adversely
affect plasticware properties, purchasing of sterile,
DNase/RNase-free-certified plasticware is the best
solution for laboratories performing molecular analysis.
Specific rules about the handling of disposable plas-
ticware should be defined every time a new package is
opened, especially if intended for RNA procedures.

52.3.2 Water

Laboratory water is classified as Type 1, 2, or 3 and
each type has different specifications for maximum
microbial content, resistivity, maximum silicate con-
tents, and particulate matter (Table 52.1). Type 1 is the
purest grade and it is suited for molecular biology
applications. Type 3 is acceptable for glassware rins-
ing, heating baths and filling autoclaves, or to feed

Table 52.1 Laboratory water specifications

Type 1 Type 2 Type 3
Max. spec. conductance 0.056 1 4
(umhos/cm)
Min. spec. resistance 18.2 1 0.25
(MQ ¢ cm @ 25°C)
Max. silicate (pg/l) 3 3 500
Max. total organic 10 50 200
carbon (ug/l)
Max. sodium (pg/l) 1 5 10
Max. chlorides (pg/l) 1 5 10
Max. bacterial growth 1 100 1,000
(cfu/ml)
Max. endotoxin (EU/ml) 0.03 n.a. n.a.
pH n.m. n.m. n.m.

n.m. not measurable, n.a. no data available

Type 1 lab water systems [4]. Notice that the largest
part of Type 1 water-producing devices allow for mon-
itoring only water resistivity or Total Organic Carbon
(TOC). In order to ensure that water is sterile and free
of RNase contamination, it should be treated with
diethylpyrocarbonate (DEPC) and then autoclaved.

52.3.3 Chemicals

Chemicals storage areas must be compliant with local
institutional rules for safety. Storage conditions (tem-
perature, humidity, exposure to sunlight) must be in
keeping with requirements specified on the label of
chemical product. Labels also provide information
about chemical product quality class, which is based
on the purity of the basic substance of the product. In
the “pure chemicals” class, the content of the basic
substance is at least 98% and the content of individ-
ual impurities is of an order of magnitude of 1072%;
in the “chemicals for analysis,” the content of the
basic substance usually ranges from 99.0% to 99.8%
and the content of individual impurities is only of an
order of magnitude of 103%. In addition, labels can
indicate if the product is suited for a given use (e.g.,
“for synthesis,” “for analysis,” “for molecular biol-
ogy”) and/or meets the standard requirements of
American Chemical Society (ACS) or of International
Standardization Organization (ISO). An ACS reagent
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is usually suited for nucleic acids preparations and
less expensive than the same chemical labeled “for
molecular biology.”

52.3.4 In-House Prepared Solutions

Buffers and solutions intended for nucleic acids and
proteins extractions should be prepared according to
well-defined SOPs, using the highest grade of reagents
available and type 1 water. All solutions should be
sterilized by autoclaving or filtration through a 0.22 um
filter if solution components do not withstand auto-
claving (such as Magnesium, Calcium, and Ammonium
salts, Dithiothreitol, 3-Mercaptoethanol). In addition,
solutions can be made RNase-free by DEPC-treatment
(see Chap. 12).

All buffer and solutions must be labeled to indicate
the following: identity; titer, strength, or concentration
as applicable; storage conditions; preparation date or
opening date; unopened and opened expiration date if
pertinent to the performance of the reagent; the iden-
tity of the preparer [2].

52.3.5 Enzymes and Test Kits

These items are expected to come from accredited sup-
pliers who are ready to provide certificates of analysis
and, where appropriate, evidence of compliance with
the national pharmacopeia and other compendia or
formularies [5]. Enzymes and kits must be stored
according to manufacturer ‘s instructions. According to
laboratory needs, aliquoting could be advisable for
enzymes (e.g., Taq Polymerases). Reagents must not
be used when they have exceeded the manufacturer’s

stated expiration date, have deteriorated, or are of sub-
standard quality. Components should not be inter-
changed between different kits, or between different
lots of the same kit, unless otherwise specified by the
manufacturer or verified by the laboratory.

52.3.6 Controls and Calibrating Material

For the intended use of controls and calibrating material
refer to Section 51.2.4 and to section “Equipment” of
this chapter. For purchasing and storing, the same above-
mentioned standards for enzymes and kits generally
apply. In addition, an expiration date must be assigned
to quality control (QC) materials that do not have a
manufacturer-provided expiration date. The manufac-
turer should be consulted in case this situation arises.
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Appendices

Appendix A: Agarose Gel Electrophoresis

Agarose gel electrophoresis is used to separate and
identify DNA fragments according to their size.
Nucleic acids are negatively charged at pH 8 and are
moved through an agarose matrix by an electric field
(electrophoresis). Smaller fragments migrate faster
than larger ones and the distance migrated on the gel is
inversely proportional to the logarithm of the molecular
weight [1].

Gel electrophoresis analysis might be used for the
following purposes:

* To assess the effectiveness of PCR amplification

* To quantify or to isolate a particular PCR product

e To estimate the size of DNA molecules following
restriction enzyme digestion

» To assess the integrity of a nucleic acid

The most common dye used to visualize DNA or RNA
bands in agarose gel electrophoresis is ethidium bro-
mide (EtBr).! This dye binds strongly to the double-
stranded DNA by intercalating between the bases.
In this state, it absorbs the UV light and transmits the
energy as visible fluorescence, thus allowing nucleic
acids to be viewed.

Most agarose gels are made between 0.7% and
2.5%. A 0.7% gel is preferable for separation of large
DNA fragments, while a 2% gel will allow a good sep-
aration of small fragments (Table A.1) [2].

'EtBr is a potentially carcinogenic compound. Always wear
gloves. Used EtBr solutions must be collected in containers for
chemical waste and discharged according to the local hazardous
chemical disposal procedures.

G. Stanta (ed.), Guidelines for Molecular Analysis in Archive Tissues,

Table A.1 Agarose concentrations and size range of DNA to

separate [2]

Agarose concentrations (%) Size range of DNA
fragments (kb)

0.9 7-0.5

1.2 6-0.4

1.5 4-0.2

2.0 3-0.1

Since most PCR amplificates obtainable from FFPE
material do not exceed this latter size range, here the
description of 2% agarose gel is reported.

Reagents

e Agarose (Sigma-Aldrich)

e Ix Tris-borate-EDTA (TBE) buffer, pH 8.3 (made
by diluting a 5X concentrated TBE stock solution.
Composition of TBE 5X per liter: 54 g Tris base,
27.5 g boric acid, 20 ml 0.5 M EDTA pH 8.0).

*  Ethidium bromide stock solution 10 mg/ml. Stock solu-
tion of EtBr should be stored at 4°C in a dark bottle.

* 100 bp DNA Step Ladder (Promega)

* 6% Loading Dye Blue/Orange buffer (Promega)

Equipment

* Clean” adjustable pipettes, range: 2-20 pl
* Horizontal gel electrophoresis apparatus with spacers
and combs

’Clean the pipette with DNase Away™ to avoid DNase and
DNA contamination. Alternatively, it is possible to clean the
pipette with alcohol or another disinfectant and leave them
under the UV lamp for almost 10 min.
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e Power supply

*  Microwave oven

e UV-transparent plastic gel formers
e UV transilluminator.’

Method

1. Make 2% agarose gel by adding 2.0 g of agarose
to 100 ml of 1x TBE buffer. Agarose is solubilized
by heating the solution in a microwave oven. Avoid
boiling.

2. Add 10 pl of EtBr to the gel and allow the agarose
to cool to 60°C before pouring. Mix thoroughly,
avoid making bubbles.

3. Pour the agarose solution into the gel former*
mold.

4. Put the well-forming comb near the upper edge of
the gel. Clip the comb to bridge above the gel and
ensure that the fingers of the comb are slightly
above the plate without touching it.

5. Let the gel harden until it becomes opaque
(approximately 30 minutes), then gently remove
the comb from the gel and place it horizontally in
an electrophoresis tank.

6. Pour the right volume of 1x TBE buffer into the
electrophoresis tank: the gel should be totally sub-
merged in the buffer, but not covered by more
than 1 cm. Remove bubbles from the wells with
a pipette.

7. Add 2 pl of loading buffer to each 10 pl sample
and for the size marker sample mix 2 ul of the
DNA ladder, 8 pl of H,O and 2 pl of loading buf-
fer. Carefully add sample mixtures to individual
wells.

8. Turn the power on at 80—-100 mV. Let it run for
about 40 minutes. The DNA will move from minus
to plus pole.

9. Stop the run when the first dye (Bromophenol
Blue) front has covered approximately 50% of the
gel length.

10. Turn off the power. Transfer the gel on the transillu-
minator surface. Check the ethidium bromide stained
bands in the gel using a UV protection shield.

3A UV source between 310 and 330 nm is recommended: lower
wavelengths could damage nucleic acids.

‘Commercially available gel formers with two walls positioned
to hold well-forming combs are now commonly used.

Appendix B: Polyacrylamide Gel
Electrophoresis

Polyacrylamide gel electrophoresis is used to analyze
small DNA fragments (e.g., 50-2,000 bp) and to
determine their size by comparing the distance
migrated during the run to the distance migrated by
fragments of known length. Polyacrylamide gel is
formed by the polymerization of the monomer mole-
cule-acrylamide cross-linked by N,N'-methylene
bisacrylamide, in the presence of free radicals gener-
ated by ammonium persulfate (APS) and a catalyst
as TEMED (N,N,N',N'-tetramethylethylenediamine).
Polyacrylamide solutions are a mixture of acrylamide
and N,N'-methylene bisacrylamide in water, and acryl-
amide/bisacrylamide ratio can also affect migration of
DNA fragments.

The polyacrylamide solution is poured between two
glass plates that are separated by spacers. In this disposi-
tion, most of the acrylamide solution is protected from
exposure to the air and thus unaffected by inhibition of
polymerization by oxygen. Polyacrylamide gels are run
in vertical position [3].

The polyacrylamide percentage should be modified
according to the size of the fragments to be separated
(see Table A.2) [3]. The length of the gel may be var-
ied according to the desired resolving power, e.g., a gel
length of at least 30 cm is required to resolve DNA
fragments differing by 1 basepair. This is better
achieved using a 19/1 (w/w) acrylamide/bisacrylamide
ratio.

According to the length of PCR amplificates usu-
ally obtainable from FFPE tissues (60—400 bp), the
preparation of an 8% polyacrylamide gel is described
as follows.

Table A.2 Polyacrylamide concentrations for effective sepa-
ration of DNA fragments [3]

Polyacrylamide Size range of DNA
concentrations (%) fragments (bp)

35 100-1,000

5.0 80-500

8.0 60-400

12.0 40-200

20.0 10-100
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Reagents 2.

e 40% acrylamide,” 29/1 (w/w) acrylamide/bisacryl-
amide stock solution.

e Ix Tris-borate-EDTA (TBE) buffer, pH 8.3 (made 3.
by diluting a 5X concentrated TBE stock solution. 4.

Composition of TBE 5X per liter: 54 g Tris base,
27.5 g boric acid, 20 ml 0.5 M EDTA pH 8.0).

* double distillated water

e 10% Ammonium Persulfate (APS) solution. Store in

aliquots at —20°C. 5.

e Temed (N,N,N’,N -tetramethylethylenediamine). Store

at4°C. 6.
e Ethidium bromide stock solution 10 mg/ml.° Stock 7.

solution of EtBr should be stored at 4°C in a dark
bottle.

e 100 bp DNA Step Ladder (Promega) 8.

e 6% Loading Dye Blue/Orange buffer (Promega)

Equipment

* Electrophoresis power supply
e Gel plates and spacers (0.8 mm thick) for vertical
gel

e Vertical Gel apparatus I
e Well formers (0.8 mm thick).

e UV transilluminator 12
Method 13.

1. First assemble plates and spacers for casting the
gel. Spacers may be sealed to a watertight fit by
the use of a melted 2% agarose solution. Spacers
are clamped to maintain their position. Calculate
the volume of chamber between glass plates and

spacers, to determine the amount of polyacrylam- 14.

ide solution to prepare.

SAlways wear gloves and do not breathe or touch unpolymerized

polyacrylamide. This chemical is a neurotoxin and carcinogen.
The use of an already prepared commercial stock of 40%
acrylamide is highly recommended to avoid manipulation of
polyacrylamide powder.

°EtBr is a potentially carcinogenic compound. Always wear
gloves. The used EtBr solutions must be collected in containers

For a final volume of 15 ml, mix in the following
order: 9 ml of dd H,0, 3 ml of 5x TBE, 3 ml of
40% acrylamide solution. Keep this mixture in
ice.

Prepare the glass plates to pour the gel.
Immediately before adding the gel mix into the
chamber, add 150 pl of 10% APS and 15 pl of
TEMED. Mix gently and dispense the mixture
into the chamber. Fill the space entirely. Avoid
bleb formation.

Insert the comb into the top of the chamber and
clamp tightly in place.

Let the gel polymerize (15 min to 1 h).

After the gel has polymerized, remove the well-
forming comb, and place the gel in the electropho-
resis apparatus.

Fill the upper and lower tanks with 1x TBE buffer,
submerging wells.

. Determine the volume of the sample to be loaded.

If the desired volume is 10 pl, add 2 pl of loading
buffer to each sample. For the marker, add 2 pl of
DNA Step Ladder to 8 ul H,O mq + 2 pl of loading
buffer.

10. Load samples into the gel well, with a Hamilton

syringe or a flat-tip micropipette.

Run the gel at a constant voltage of 200 V until the
Bromophenol Blue dye has migrated to the bottom
of the gel.”

Turn off the power supply and remove the gel from
the apparatus. Separate the plates. The gel should
stick to one of them.

The DNA can be detected by EtBr staining: add
5 pl of EtBr stock solution 10 mg/ml in 50 ml of
Ix TBE buffer to a final concentration of EtBr
I pg/ml. Remove the gel from the glass plate and
soak it into the EtBr solution. Allow the ethidium
bromide solution to diffuse into the gel and stain
DNA for 5 min.

Gently rinse the excess stain from the gel surface
with H,O, then place the gel over the UV transil-
luminator to visualize the DNA bands.

for chemical waste and discharged according to the local "This dye is expected to comigrate with a DNA fragment of
hazardous chemical disposal procedures. approximately 45 bp in an 8% polyacrylamide gel.
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Loss of heterozygosity (LOH)
detection, 171-176
primers, 173, 175

M
MALDI imaging mass spectrometry, 293-294
Manual microdissection, 24
Mass spectrometry (MS), 285, 286, 289-290
Matrix-assisted laser desorption/ionization (MALDI), 285, 286
Melting curve, 122, 123, 125, 128, 129
Methacarn, 10
Methylation analysis
DNA extraction for, 182-185, 194
qualitative, 181-192
quantitative, 193—-199
Methylation-specific multiplex ligation-dependent probe ampli-
fication (MS-MLPA)
amplification, 182, 183, 189
digestion, 182, 189, 190
Hha I, 182, 189, 190
ligation, 182, 183, 189
probes, 182, 183, 189, 190
Methylation-specific PCR (MSP)
assay optimization, 193
controls for, 188
primers for, 188
real-time quantitative (Methylight), 193
setup, 195-199
Methylol group, 67
Mg?* concentration, 102, 103
Microdissection, 41-43
blade, 21, 22
laser capture microdissection, 21
manual microdissection, 21-22
needle, 21, 22
tissue arrayer, 22
Microsatellite
allele, 174
di-, tri-, tetranucleotide, 172
markers, 172-176
NCI (National Cancer Institute) marker panel (Bethesda
panel), 155, 156, 158
mononucleotide (quasimonomorphic) marker panel, 156
sequences, 171
stable (MSS), 156, 162
Microsatellite instability (MSI)
analysis (MSA)
DNA extraction for, 156158
high (MSI-H), 156, 162, 163
low (MSI-L), 156, 162, 165

primers, 159, 163, 166
reproducibility, 156
sensitivity, 156
specificity, 156
Microwave fixation, 16, 17
Mismatch repair (MMR), 155, 156
MLPA. See Multiplex ligation-dependent probe amplification
(MLPA)
MLPA probemix, 217, 219
MMR. See Mismatch repair (MMR)
Molecular markers, 3
Moloney Murine Leukemia Virus Reverse Transcriptase
(MMLV-RT)
RNase H minus, Superscript™, 94
mRNA
random priming, 94
specific priming, 94
M.SssI methyltransferase
modification, 194-195
S-adenosyl methionine (SAM), 194-195
treated (bisulfite-modified) reference DNA, 194, 196, 197,
199
Multiplex ligation-dependent probe amplification (MLPA),
215-223

N

Nested-PCR, 111-114
Neuroblastoma kits, 218, 219

Nitric acid 65%, 63, 64
Normalization, 128-129

Numeric chromosome changes, 219
Nylon membrane, 115

(0]

Oligo-dT, 93, 94, 97

On-tissue digestion, 294

Organization for Economic Cooperation and Development
(OECD), 299-301

P
PCR, 41, 42
amplicon, 101
amplification, 101-103, 145-146
carry-over, 101, 103
contamination, 111-113
cosolvent, 107
end-point, 101-103, 105-109
failure, 47, 53
inhibition, 52-54
multiplex, 156, 163, 165-167
precautions, 107
quality control for, 158, 160
quantitative, 105-109
singleplex, 156, 158, 160, 172, 173
PCR-ELISA sequencing, 117
Percentage of methylated reference (PMR),
calculation of, 198
Phenol
citrate buffered, 59, 60
water, 59
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Phenol-buffered, 34
Pinpoint, 63, 65
Pipettors, 310
Plasticware
autoclaving, 311
cleaning
consumable, 312
PolyA RNA, 95, 96
P-products (MRC-Holland), 217
Preanalytical time interval (PATI), 5-10
Pre-PCR treatment, DNA restoration, 55
Pressure cooker, 226
Primers
concentration, 101-103, 108, 123-125, 131
design, 101, 102, 107, 112, 137-139
Probe
minor groove binder (MGB), 122, 124
mix, 226, 227
ratios, 219
TagMan, 122, 124
Problems in MLPA, 220
Proteinase K, 41, 42, 63-65, 226
deactivation, 37
stock solution, 33, 34, 38, 58
Protein electrophoresis
gel percentage, 262
SDS-PAGE, 261
western blot, 261, 263
Protein extraction
FFPE, 249-251
formalin free fixatives, 249
Laemmli buffer, 249, 250
Protein precipitation
concentrate diluted samples, 257
contaminating and interfering species, 257
SDS-PAGE, 257, 258
Proteolytic digestion, 33, 35, 38-39, 57, 60
Proteomics, 241, 242, 248, 282, 285, 286
Pyrosequencing reaction, 144

Q
Quality
assessment, 150
assurance (QA), 299-301
control (QC), 300
internal (IQC), 303-307
laboratory-related, 304, 306-307
procedures, 307
sample-related, 304-306
management, 299
Quantification
absolute, 126, 130
relative, 130-131

R
Random hexamers, concentration, 94
Range
dynamic, 121, 125, 126, 128-130
linear, 125, 126
Real-time PCR, absolute quantification, 78
Reporting, 299-301, 306

Reproducibility, 122, 125-126, 128

Reverse phase protein microarrays (RPPA), 279-282,

Reverse transcription (RT)
controls, 95-97
polymerase chain reaction (RT-PCR), 93

quantitative polymerase chain reaction (RT-qPCR), 93

single-step, 94
two-step, 94
yield, 93, 94
RIN. See RNA, integrity number (RIN)
RNA
degradation, 65
demodification, treatment, 67
extraction, 57-61, 63-66
extracts, 67-69
handling, 57-59
integrity, 82-85
integrity number (RIN), 85
measurement, 65
RNAse, 68, 69
contamination, 61
H activity, 94, 97
inhibition, 58
inhibitors, 58, 95, 96
removal, 311
RNAse Away, 64
ROX dye, 122, 124
rRNA, 28S/18S ratio, 84, 85
RT-PCR, of housekeeping genes, 83, 84

S
Safety, 299, 300
Sample
handling, 304-305
reception, 304
storage, 304
SDS-PAGE, 289
Sensitivity, 121, 122, 125-128
Separation of DNA strands, 147-148
Sequencing, 135-140, 144, 147-148, 150, 152
Shadow-bands, 174
Silver stain detection
interpretation, 161, 173-174
optical density reader, 173—-174

SOP(s). See Standard operating procedures (SOPs)

Southern transfer, 114
Specific primers

design, 95-96

melting temperature, 95
SSC 20x 113,115,116
Standard curve, setup, 197

Standard operating procedures (SOPs), 300, 306, 307, 313

Stutter-bands, 174
SYBR green, 122-123, 125, 129, 130

T
TE buffer
1x, 67, 68
10x, 68
Test systems, 299, 300
Thermal cyclers, 113, 114, 311
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Thermocycler, 108 commercial kits, 307
Tissue microarray (TMA), 23-26 interlaboratory, 307
Tissue processing, 9, 10 method, 306
Trypsin, 289, 290 sample, 307
Tuberculosis, 117-119
W
U Water, types, 312
Under vacuum, 6-8 Western blot, 277, 278
Uracil N-glycosilase enzyme horseradish peroxidase (HRP), 271
carryover, 94, 96 nitrocellulose membrane, 271, 272
dUTP, 94, 96 polyvinylidene difluoride (PVDF) membrane, 271, 272
Ponceau S, 271-273
A%
Vacuum X
pump, 116 Xylene, 225-226
system, 116
workstation, 147 Y
Validation Y-specific markers, 51

analytical, 307
clinical, 307



	Guidelines for Molecular Analysis in Archive Tissues
	Preface
	Contents
	Abbreviations
	Part I: Archive Tissues
	Part II: Dissection of Tissue Components
	Part III: Extraction, Purification,Quantification and Quality Assessment of Nucleic Acids
	Part IV: Reverse Transcription (RT)
	Part V: Nucleic Acid Amplification
	Part VI: DNA Sequencing
	Part VII: Microsatellite Analysis
	Part VIII: Methylation Analysis
	Part IX: Analysis of Copy Number Variations
	Part X: Microarrays
	Part XI: Protein Extractionin Archive Tissues
	Part XII: Protein Electrophoretic Separation
	Part XIII: Protein Immunodetection
	Part XIV: Mass Spectrometry
	Part XV: Elements of Good Laboratory Practice
	Appendices
	Index



