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Preface

A major hallmark of multicellularity is the ability to communicate. In fact, the maintenance
of homeostasis in multicellular organisms is governed by three major communicative net-
works, namely extracellular, intracellular, and intercellular mechanisms. Extracellular sig-
nals, like hormones, trigger intracellular messengers, mainly signal transduction mediators,
which affect intercellular communication [1, 2]. The latter is mediated by gap junctions,
organized in aggregates called plaques at the plasma membrane surface. Gap junctions arise
from the head-to-head interaction of two hemichannels, also called connexons, of adjacent
cells. These hemichannels, in turn, are built up by six connexin (Cx) proteins. More than
20 connexin species have been cloned from rodents and human, all of which are named
based upon their molecular weight predicted by cDNA sequencing expressed in kilodal-
tons. Nevertheless, connexins share a similar structure consisting of four transmembrane
domains, two extracellular loops, one cytoplasmic loop, one cytoplasmic N-terminal area,
and one C-terminal region (Fig. 1). Connexins are expressed in a cell-specific way, with
Cx43 being among the most widely distributed [3].

Gap junctions provide a pathway for direct communication between neighboring cells.
The flux of substances through these channels is called gap junctional intercellular
communication (GJIC) and concerns the passive diffusion of small (i.c. less than 1.5 kDa)
and hydrophilic molecules, such as adenosine triphosphate, cyclic adenosine monophosphate,
inositol triphosphate, glucose, glutathione, glutamate, as well as ions, including calcium,
potassium, and sodium (Fig. 1) [4]. As numerous physiological processes are driven by mes-
sengers that are intercellularly exchanged via gap junctions, GJIC is considered to be a key
mechanism in the maintenance of tissue homeostasis. GJIC indeed is involved in virtually all
aspects of the cellular life cycle, ranging from cell growth to cell death [2, 5, 6]. Gap junctions
equally underlie several organ-specific functions, such as in the heart, where they form an
electrical syncytium [7], or in the liver, in which they control metabolic cooperation [8].

GJIC can be controlled at several levels, each typified by different kinetic patterns.
Long-term GJIC regulation mainly concerns control of connexin expression. At the most
upstream platform, this process is dictated by classical cis/trans mechanisms, whereby both
ubiquitous and tissue-specific transcription factors are involved [9]. Connexin expression
also relies on epigenetic mechanisms, including reversible histone modifications, DNA
methylation, and microRNA-related actions [9, 10]. Short-term GJIC control is called gat-
ing and typically depends on posttranslational connexin modifications. With the exception
of Cx26, all connexins are phosphoproteins [11, 12]. Gating of gap junctions is also con-
trolled by several connexin interacting partners, such as other junctional proteins, structural
proteins, and enzymes [13]. Aberrant connexin expression or GJIC regulation is associated
with a plethora of pathologies, such as cancer [14], diabetes [15], cardiovascular diseases
[16], and neurological disorders [17].

The present book provides a state-of-the-art compilation of protocols to study gap
junctions practically. The first part describes general methods for investigating connexin
expression at the transcriptional (see Chapter 1), epigenetic (see Chapter 2), and transla-
tional level (see Chapter 3), including techniques to examine connexin subcellular localiza-
tion (see Chapter 4), as well as tools to experimentally modify connexin expression in vitro
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Fig. 1 (a) Gap junctions are built up by two hemichannels of adjacent cells, in turn composed of six connexin
proteins. Gap junctions mediate direct communication between adjacent cells by controlling the intercellular dif-
fusion of molecules like adenosine trisphosphate (ATP), cyclic adenosine monophosphate (CAMP), inositol tri-
sphosphate (IP5), glucose, glutathione, glutamate, as well as ions, including calcium (Ca%*), potassium (K*), and
sodium (Na*). (b) Connexin proteins have a common structure, consisting of four transmembrane domains (TM),
two extracellular loops (EL), one cytosolic loop (CL), one cytosolic aminotail (NT), and one cytosolic carboxytail (CT)

(see Chapter 5) and in vivo (see Chapter 6). Analyses of posttranslational connexin modifica-
tions (see Chapter 7) and connexin interactions (see Chapter 8), being major determinants
of gap junction gating, are also outlined.

In the second part of the book, a number of established and more recently introduced
approaches to functionally probe GJIC are presented. The majority of these methods are
based upon monitoring of the intercellular exchange of reporter dyes, brought into cells by
mechanical scraping (see Chapter 9), microinjection (see Chapter 10), or electroporation
(see Chapter 11), or variants of those involving local quenching (see Chapter 12) or activa-
tion (see Chapter 13) of fluorescent indicators. Additional GJIC protocols included in this
book focus on measurement of the actual physiological functions of gap junctions, includ-
ing mediating passage of secondary messengers between cells (see Chapter 14), facilitating
intercellular calcium wave propagation (see Chapter 15), and providing electrical conduc-
tance (see Chapter 16).

The current book is intended for basic and applied researchers, ranging from the under-
graduate to the postdoctoral and professional level, in the area of biomedical and life sci-
ences, both in academic and industrial settings. It can be used by investigators familiar and
unfamiliar with the gap junction field.

At the start of this book, the editors would like to express their deepest gratitude to all
chapter contributors. Furthermore, the editors greatly acknowledge the Springer team and,
in particular, series editor John M. Walker for his continuous assistance during the prepara-
tion of this book.

Brussels, Belgium Mathien Vinken
Glasgow, UK Scott R. Johnstone
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Chapter 1

Analysis of Liver Connexin Expression Using Reverse
Transcription Quantitative Real-Time Polymerase
Chain Reaction

Michaél Maes, Joost Willebrords, Sara Crespo Yanguas,
Bruno Cogliati, and Mathieu Vinken

Abstract

Although connexin production is mainly regulated at the protein level, altered connexin gene expression
has been identified as the underlying mechanism of several pathologies. When studying the latter, appro-
priate methods to quantify connexin RNA levels are required. The present chapter describes a well-
established reverse transcription quantitative real-time polymerase chain reaction procedure optimized for
analysis of hepatic connexins. The method includes RNA extraction and subsequent quantification, gen-
eration of complementary DNA, quantitative real-time polymerase chain reaction, and data analysis.

Key words Connexins, RNA extraction, Reverse transcription, Minimum Information for publication
of Quantitative real-time PCR Experiments

1 Introduction

Connexin (Cx) signaling can be regulated by a plethora of mecha-
nisms at the transcriptional, posttranscriptional, translational, and
posttranslational level [1, 2]. Regarding the former, connexin
expression is predominantly controlled by the conventional
cis/trans machinery [1]. A basal level of connexin gene transcrip-
tion is maintained by general transcription factors, such as specific-
ity protein 1 and activator protein 1, while tissue-specific expression
depends on cell type-specific repressors and activators, such as
hepatocyte nuclear factor la for Cx32 expression in the liver [3,
4]. In addition, epigenetic mechanisms, including histone modifi-
cations, DNA methylation, and microRNA-related control, are
essential determinants of connexin gene transcription [5, 6].

Four methods are commonly used for studying individual target
gene transcription, namely northern blotting [ 7], in situ hybridization
[8], RNAse protection assays [9, 10], and reverse transcription

Mathieu Vinken and Scott R. Johnstone (eds.), Gap Junction Protocols, Methods in Molecular Biology, vol. 1437,
DOI 10.1007/978-1-4939-3664-9_1, © Springer Science+Business Media New York 2016
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2 Michaél Maes et al.

polymerase chain reaction (RT-PCR) [11]. The main limitation of
the former three techniques is their relative low sensitivity, which is
not the case for RT-PCR analysis [12]. The latter has a wide
dynamic range, as poor and abundant expressed genes can be
detected with this technique. In contrast to the conventional
RT-PCR procedure, typically followed by agarose gel electropho-
resis, the read-out in reverse transcription quantitative real-time
polymerase chain reaction (RT-qPCR) is monitored throughout
the PCR process as such and is characterized by the reaction time,
during cycling, when amplification of the target is first detected.
Being a quick, accurate, sensitive, specific, and cost-effective
method, RT-qPCR analysis has now become the benchmark assay
for quantification of RNA [13].

The liver was the first organ in which connexins have been
described [14, 15]. Hepatocytes, the main hepatic cellular popula-
tion, express Cx32 and to a lesser extent Cx26. In contrast, most
nonparenchymal liver cells harbor Cx43 [16, 17]. In several liver
diseases, such as chronic hepatitis, cirrhosis, and hepatocellular car-
cinoma, connexin RNA content is altered [18]. When studying the
latter, appropriate methods to quantify connexin RNA levels are
required. This chapter provides a two-step RT-qPCR procedure
optimized for analysis of hepatic connexins, specifically Cx26,
Cx32, and Cx43. Compared to the one-step RT-qPCR procedure,
where the reverse transcription and the polymerase chain reaction
take place in one buffer system, this is performed in two separate
systems in the two-step RT-qPCR procedure. In essence, the pro-
cedure implies RNA extraction and quantification, total RNA
reverse transcription into complementary DNA (¢cDNA) followed
by a separate amplification of the cDNA by PCR and data analysis.
The protocol follows the recommendations provided in the
Minimum Information for publication of Quantitative real-time
PCR Experiment (MIQE) guidelines [19, 20], which is a state-of-
the-art guide for all the necessary requirements for experimental
setup, analysis, and publication.

2 Materials

2.1 RNA Extraction

1. GenElute™ Mammalian Total RNA Miniprep Kit (Sigma,
USA) (see Note 1): lysis solution, 2-mercaptoethanol, wash
solution 1 (see Note 2), wash solution 2 concentrate, elution
solution, GenElute™ filtration columns in tubes, GenElute™
binding columns in tubes, and collection tubes of 2.0 mL.
These reagents must be stored at room temperature.

2. Lysis solution/2-mercaptoethanol mixture: add 10 pL
2-mercaptoethanol for each 1 mL of lysis solution ex tempore
(see Note 3).



2.2 RNA-DNA
Quantification
and Purity Gontrol

2.3 cDNA Synthesis

2.4 cDNA
Purification

O 0 NN N D

11.

12.
13.

D

RT-gPCR Analysis of Hepatic Connexins 3

. 299.5 % anhydrous ethanol.
. Wash solution 2: dilute 2.5 mL of the provided wash solution

2 concentrate to 10 mL with >99.5% anhydrous ethanol ex
tempore.

. 70% ethanol solution.

. Vortex.

. RNase-free pipette tips: acrosol barrier reccommended.
. RNase-free microcentrifuge tubes.

. Microcentrifuge.
10.

On-Column DNase I Digestion Set (Sigma, USA): DNase
digestion bufter, DNase I, binding column, and wash solution 1.
The set may be stored between 2 and 8 °C for up to 6 months.
For longer term, storage at =20 °C is recommended.

DNase I /digest buffer mixture: mix 10 pL of DNase I with 70
pL of DNase digest buffer for each preparation. Mix by inver-
sion. Do not vortex the DNase I or the DNase I /digest buffer
mixture. The mixture may be prepared up to 2 h in advance.

RNA/ater™, RNA stabilization solution for tissue (Sigma, USA).

Rotor-stator homogenizer or RNA-free pellet mixer (VWR,
USA).

. NanoDrop® ND-100 Spectrophotometer (Thermo Scientific,

USA).

. RNase-free pipette tips: acrosol barrier recommended.

. iCycler iQ™ (Bio-Rad, USA).

. 96-well thin wall plates.

. Optical sealing tape.

. iScript™ ¢DNA Synthesis Kit (Bio-Rad, USA): 5x iScript™

reaction mix (see Note 1), nuclease-free water, and iScript™
reverse transcriptase. The reagents must be stored at =20 °C,
except for the nuclease-free water, which can be stored at room
temperature. The reagents are stable for a minimum of 1 year.

. 0.2 mL nuclease-free tubes (Bio-Rad, USA).

. GenElute™ PCR Clean-Up Kit (Sigma, USA): column prepa-

ration solution, binding solution, wash solution concentrate,
elution solution, GenElute™ plasmid mini spin column, and
collection tubes of 2.0 mL. The reagents should be stored at
room temperature.

2. >99.5% anhydrous ethanol.

. Wash solution: dilute 12 mL of he provided concentrate with

48 mL of >99.5 % anhydrous ethanol.
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2.5 Real-Time qPCR

Table 1

N O\ Ul W

. Microcentrifuge.
. RNase-free pipette tips: acrosol barrier reccommended.
. RNase-free microcentrifuge tubes.

. Nuclease-free water.

. TagMan® Universal PCR Master Mix (Applied Biosystems,

USA): Tagman® probe, AmpliTaq Gold® DNA polymerase,
AmpErase® uracil- N-glycosylase  deoxynucleotides  with
2'-deoxyuridine 5'-triphosphate, passive reference, and optimized
buffer components. The reagents must be stored at 2-8 °C.

2. Tagman® primer (Table 1) (Applied Biosystems, USA).

. StepOnePlus™ real-time PCR system (Applied Biosystems,

USA).

4. RNase-free microcentrifuge tubes.

. Microcentrifuge.

6. Assay-on-Demand™ Gene Expression Assay Mix (Applied

Biosystems, USA).

. Nuclease-free water.

. Centrifuge suitable for cooling at 4 °C with adapter for 96-well

plate.

. MicroAmp® optical 96-well reaction plates (Applied

Biosystems, USA).

Primers and probes for murine connexins and candidate reference genes

Gene Accession Assay Amplicon size Exon
symbol Assay ID number location (base pairs) boundary
Gjb2 MmO00433643_s1 NM_008125.3 603 72 2-2
Gjbl Mm01950058_s1 NM_008124.2 466 65 1-1
Gjal MmO01179639_s1 NM_010288.3 2937 168 2-2
18S Hs99999901 _sl X03205.1 604 187 1-1
Actb MmO00607939_s1 NM_007393.3 1233 115 6-6
B2m Mm00437762_ml NM_009735.3 111 77 1-2
Gapdh Mm99999915 gl NM_008084.2 265 107 2-3
Hmbs Mm01143545_m1 NM_013551.2 473 81 6-7
Ubc Mm02525934_gl NM_019639.4 370 176 2-2

Assay identification (ID), accession number, assay location, amplicon size, and exon boundary of target and candidate
reference mouse genes (18§, 18S ribosomal RNA; Actb, B-actin; B2m, p-2-microglobulin; Gapdh, glyceraldehyde
3-phosphate dehydrogenase; Gjal, Cx43; Gjbl, Cx32; Gjb2, Cx26; Hmbs, hydroxymethylbilane synthase; Ubc,

ubiquitin C)
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MicroAmp® optical caps (Applied Biosystems, USA).
MicroAmp® optical tubes (Applied Biosystems, USA).

Pipette tips: acrosol barrier recommended.
Vortex.
. Reference gene wvalidation systems, such as geNorm,

NormFinder, and BestKeeper. GeNorm is currently integrated
in the gbase* software (Biogazelle, Belgium). The BestKeeper
and NormFinder software can be downloaded from http://
www.gene-quantification.de /bestkeeper.html#download and
http://moma.dk/normfinder-software, respectively.

. Normalization and relative quantification of RNA software,

such as gbase* and the relative expression software tool (REST)
(Qiagen, USA).

3 Methods

3.1 Maintenance
of a Contamination-
Free Workplace

Since RNases and DNases can rapidly degrade RNA and DNA,
respectively, it is of utmost importance to take measures to avoid
degradation. Sample acquisition constitutes the first potential
source of experimental variability due to degradation. RNA yield

and quality are easily perturbed by sample collection and process-
ing methods [21].

The following steps should be taken into consideration

throughout the complete RT-qPCR procedure in order to dimin-
ish the risk of contamination:

1.

A strict separation between the pre-PCR and post-PCR proce-
dures. If this is not possible, a separate enclosure for either
operation should be considered. This separation also implies
different sets of reagents and equipment.

. A process flow in a unidirectional way must be constructed,

implying that the PCR setup should be performed in a
template-free area with reagents that under no circumstances
will come in contact with possible contamination sources.

. Benchtop hoods with high-efficiency particulate arrestance

filters may be useful.

. Nonporous surfaces should be habitually cleaned with a 10%

bleach solution.

. A water container should not be used for long-term water

storage, since some bacterial species may flourish.

. When stock solutions of the PCR reaction mix are recurrently

entered with pipettes that may be contaminated with nucleic acids,
aliquots of this mix should be prepared. Thus, if contamination
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3.2 RNA Extraction

3.2.1 Cultured
Hepatic Cells

is suspected, the aliquots currently in use may be discarded and
replaced.

7. Sample handling should be minimized and tubes opened very
carefully, preferably with a tube opener that can be easily
decontaminated.

8. Gloves should be changed frequently. Nothing should be
touched with bare hands.

9. Acrosol-filtered pipette tips or positive displacement pipettors
should be used. Tips should never be touched by anything but
the pipettor.

10. Often used equipment, such as pipettors and work surfaces,
should be regularly decontaminated.

Different RNA extraction kits are commercially available (e.g.,
RNeasy Minikit, Qiagen, USA). In this protocol, the GenElute™
Mammalian Total RNA Miniprep Kit (Sigma, USA) is used. This
kit provides a simple and convenient procedure to isolate total
RNA from mammalian cells and tissues, iz casu liver tissue. For
RT-qPCR purposes, an additional purification step is needed, as
even minor DNA contamination can give false positive detections.
Therefore, a digestion step of DNA has been introduced to the
outlined procedure using the DNase digestion set (Sigma, USA).
All steps in this section are carried out at room temperature.

Cells grown on cell culture dishes can be lysed in situ or pelleted
and stored at —80 °C for several months prior to lyzation. For in
situ lyzation, the following procedure should be followed:

1. Remove the cell culture medium.

2. Add 250 pL of the lysis solution/2-mercaptoethanol mixture
for up to 5x 106 cells or 500 pL for 5x 10107 cells to the cell
culture dish.

3. Rock the culture dish while tapping the side for a few seconds
to completely cover the cells with the mixture. Let the mixture
react for 1-2 min.

4. Continue with step 4 from the procedure for pelleted cells.

For pelleted cells, vortex the pellet to loosen cells and continue
as follows:

1. Add 250 pL of lysis solution/2-mercaptoethanol mixture for
up to 5x10° cells or 500 pL for 5x10°-107 cells.

2. Vortex or pipette thoroughly until all clumps disappear.

3. Pipette the lysed cells into a GenElute™ filtration column, a
blue insert with a 2.0 mL receiving tube (se¢ Note 4).

4. Centrifuge at 12,000-16,000 x 4 (see Note 5) for 2 min.
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. Discard the filtration column.

. Add an equal volume of 70 % ethanol solution, 250 or 500 pL,

to the filtered lysate.

. Vortex or pipette thoroughly to mix.
. Pipette up to 700 pL of lysate/ethanol mixture into a

GenElute™ binding column, a colorless insert with a red o-ring
seated in a 2.0 mL receiving tube. If the volume of lysate/
ethanol mixture exceeds 700 pl, the RNA must be bound to
the column in two steps.

. Centrifuge at 12,000-16,000 x 4 for 15 s.
10.

Retain the collection tube and discard the flow-through
liquid.
Repeat steps 9-10 if any remaining lysate /ethanol mixture
is left.

Continue the procedure using the On-Column DNase I
Digestion Set by pipetting 250 pL of wash solution 1 into the
binding column and centrifuge at 12,000-16,000 x g for 15 s.

Add 80 pL of the DNase I /digest buffer mixture directly onto
the filter in the binding column.

Incubate at room temperature for 15 min.

Pipette 250 pL of wash solution 1 into the binding column
and centrifuge at 12,000-16,000 x4 for 15 s.

Transfer the binding column into a fresh 2.0 mL collection
tube.

Pipette 500 pL of wash solution 1 into a binding column of
the GenElute™ Mammalian Total RNA Miniprep Kit.

Centrifuge at 12,000-16,000x 4 for 15 s.

Transfer the binding column into a fresh 2.0 mL collection
tube.

Discard the flow-through liquid and the original collection
tube.

Pipette 500 pL of the ethanol-containing wash solution 2 into
the column.

Centrifuge at 12,000-16,000x 4 for 15 s.

Retain the collection tube and discard the flow-through
liquid.

Pipette 500 pL of wash solution 2 into the column.
Centrifuge at 12,000-16,000 x g for 2 min. If any residual wash
solution 2 is seen on the surface of the binding column, centri-
fuge the column for an additional 1 min at 12,000-16,000 x g.

Empty and reuse the collection tube if'an additional centrifuga-
tion step is needed.
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3.2.2 LiverTissue

3.3 RNA-DNA
Quantification
and Purity Gontrol

26. Transfer the binding column to a fresh 2.0 mL collection tube.
27. Pipette 50 pL of elution solution into the binding column.
28. Centrifuge at 12,000-16,000 x g for 1 min.

29. If more than 50 pg of RNA is expected, repeat steps 27 and
28, collecting both eluates in the same tube.

30. Purified RNA is ready for immediate use or store at -80 °C for
several months.

To yield intact RNA, the liver tissue must be harvested as quickly
as possible. Tissue may be instantly flash-frozen in liquid nitrogen
and stored at -80 °C for several months prior to RNA extraction
or directly harvested after collection. Alternatively, the tissue may
be kept in RNA/ater® stabilization solution and stored for 1 day at
37 °C, 1 week at 25 °C, 1 month at 4 °C, or at =20 °C or colder
temperatures for longer-term storage.

1. Quickly slice and weigh of a piece of fresh, frozen, or RNA/azer®
stabilized liver tissue for up to 40 mg per preparation. Do not
allow frozen tissue to thaw before disruption.

2. Add 500 pL of lysis solution/2-mercaptoethanol mixture (see
Note 6).

3. Homogenize immediately until no visible pieces remain using
a rotor-stator homogenizer or a disposable RNase-free pellet
mixer.

4. Pipette the homogenized tissue into a GenElute™ filtration
column, a blue insert with a 2.0 mL receiving tube.

5. Continue procedure from step 5 in Subheading 3.2.1.

Quantification of RNA is recommended, as the same amounts of
RNA should be used when comparing different samples. Several
quantification methods are routinely applied, including spectro-
photometric assays (Nanodrop®, Thermo Scientific, USA), capil-
lary gel electrophoresis (QIAxcel®, Qiagen, USA), microfluidic
analysis (Experion™, Bio-Rad, USA), or fluorescent dye detection
systems (RiboGreen®, Applied Biosystems, USA). In this protocol,
a spectrophotometric assay is used.

1. Open the sampling arm of the NanoDrop® ND-1000 spectro-
photometer and pipette 2 pL of purified RNA or blank control,
elution solution, on the lower pedestal (sec Note 7).

2. Close the sampling arm and measure the absorbance at 260 nm
(Aas0) and 280 nm (A,so) (see Note 8).

Optionally, the integrity of the RNA can be checked by gel
electrophoresis and detection of ribosomal RNA (rRNA), which
makes up >80% of total RNA in mammalian cells. The intact total
RNA run on a denaturing gel will have sharp 28S rRNA and 18S
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rRNA bands. rRNA forms two sharp bands in the gel. The 28S
rRNA band should be approximately twice as intense as the 18S
rRNA band. Alternatively, 2100 Bioanalyser (Agilent Technologies,
USA) is an easy-to-use device to assess RNA integrity of 12 samples
for 1 biochip. Its algorithm gives a RNA Integrity Number (RIN),
which scales from 0 to 10, where 10 is the highest quality. The RIN
must be between 8 and 10 for further RT-qPCR analysis.

It is recommended that the reverse transcription step be carried
out in duplicate or triplicate.

1. Thaw the 5x iScript™ reaction mix and the iScript™ reverse
transcriptase at room temperature.

2. Prepare the complete reaction mix in a total volume of 40 pL
(Table 2).

3. Incubate complete reaction mix (Table 3) in the iCycler iQ™.

Although purification of cDNA is optional, it is highly recom-
mended to include this step. It is designed for rapid purification of
single-stranded or double-stranded PCR amplification products
(i.e., 100 base pairs to 10 kilobase) from the other components in
the reactions, such as excess primers, nucleotides, DNA polymerase,
oil and salts. Different cDNA purification kits are commercially
available (e.g., QIAquick PCR Purification Kit® from Qiagen,

Table 2
Reaction mix for cDNA synthesis. ‘X’ represents the sample volume to
obtain the required RNA amount

Reagent Volume per reaction (L)
5x iScript™ reaction mix 8

iScript™ reverse transcriptase 2

Nuclease-free water 30-x

RNA template (200 fg to 2 pg total RNA) 5

Table 3
Reaction settings for cDNA synthesis

Time (min) Temperature (°C)
5 25
30 42
5 85

Hold (optional) 4
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3.6 Real-Time qPCR

DNAclear™ kit from Applied Biosystems, Jetquick PCR Purification
Kit from Genomed). The protocol here below is outlined using the
GenElute™ PCR Clean-Up Kit (Sigma, USA).

1.

NeJENC BERN BN

11.
12.
13.
14.

15.
16.
17.

18.
19.

20.

Insert a GenElute™ plasmid mini spin column, with a blue
o-ring, into a provided collection tube if not already
assembled.

. Add 0.5 mL of column preparation solution to each GenElute™

plasmid mini spin column.

. Centrifuge at 12,000 x g for 30 s to 1 min.
. Discard the eluate.
. Add 5 volumes of binding solution to 1 volume of the PCR

reaction and mix (i.e., add 500 pL of binding solution to 100
pL of the PCR reaction).

. Transfer the solution into the binding column.
. Centrifuge the column at 12,000-16,000 x4 for 1 min.
. Retain the collection tube and discard the eluate.

. Replace the binding column into the collection tube.
10.

Apply 0.5 mL of diluted ethanol-containing wash solution to
the column.

Centrifuge at 12,000-16,000 x 4 for 1 min.
Retain the collection tube and discard the eluate.
Replace the binding column into the collection tube.

Centrifuge at 12,000-16,000 x4 for 2 min without any addi-
tional wash solution.

Discard any residual eluate as well as the collection tube.
Transfer the binding column to a fresh 2.0 mL collection tube.

Apply 50 pL of elution solution or water (see Note 9) to the
center of each column.

Incubate at room temperature for 1 min.

Centrifuge the binding column at 12,000-16,000x4 for
1 min.

The PCR amplification product is now present in the eluate
and is ready for immediate use or storage at —20 °C.

The first step of the real-time qPCR process is to gather informa-
tion about the DNA sequence of the target gene (i.e., Cx26, Cx32,
and Cx43) to be used for primer design (see Note 10). The real-
time qPCR procedure, described in this chapter, is optimized for
primers targeting Cx26, Cx32, and Cx43 (Table 1). Next to the
target genes, appropriate reference genes should be selected as
internal controls for normalization purposes. Reference gene
RNAs should be stably expressed in all samples of the study and
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their abundances should show strong correlation with the total
amounts of RNA present in the samples [19]. Normalization
against a single reference gene is not acceptable unless clear evi-
dence is presented confirming its invariant expression under the
experimental conditions described. Ideally, a pool of candidate
reference genes (Table 1) should be used and the optimal number
and choice of the reference genes must be experimentally deter-
mined during data analysis (se¢ Subheading 3.6).

It is also strongly advised to use non-template controls (NTC),
thus reaction mixes containing no DNA template as negative con-
trol (see Note 11), on each plate or batch of samples. The RT-qPCR
system applied in this protocol is the StepOnePlus™ real-time PCR
system (Applied Biosystems, USA) combined with the TagMan®
reagents (Applied Biosystems, USA). The TagMan® reagents con-
sist of two primers and a hydrolysis probe. The primers are designed
to amplify the target, while the hydrolysis probe is designed to
hybridize to the target and generate fluorescence when the target
is amplified (Fig. 1). Alternatively, SYBR® Green reagents (Life
Technologies, USA) can be used (see Note 12).

1. Prepare the DNA standard 1 by pooling cDNA from the sam-
ples. A minimum of 7.5 pL. cDNA should be pooled per target
and reference gene if the standards will be analyzed in triplicate
(i.e., prepare 67.5 pL. when applying three target genes and six
reference genes). Every sample should provide an equal volume
for the preparation of DNA standard 1 (i.e., if ten samples
should be analyzed, 6.75 pL. cDNA of every sample should be
pooled to obtain standard 1).

2. Vortex thoroughly.

3. Prepare standard 2 by diluting standard 1 with a dilution factor
5 with nuclease-free water.

4. Repeat steps 2 and 3 to obtain a serial dilution of minimum 5
standards.

5. Prepare 20 pL reaction volume for each standard, sample, and

NTC (Table 4).

6. Each standard, NTC, and sample is run in triplicate (i.e., 3
wells per sample). Therefore, the sample reaction mix volumes

should be tripled.

7. Seal the 96-well plate and centrifuge at 1600 x4 for 1 min at 4
°C (see Note 13).

8. Samples are placed in a MicroAmp® optical 96-well reaction
plate and assay run in the StepOnePlus™ machine as instructed
in the manufacturer’s guidelines (see Note 14).

9. Select the appropriate ramp speed for the instrument run

(Table 5).
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Probe Reverse primer
B 1 LA T
Forward primer

Reverse primer

Forward primer Probe
P ’ '

5 3

Fig. 1 Mechanism of real-time detection by hydrolysis probes. The reaction mix of real-time qPCR consists of
cDNA, forward and reverse primer, DNA polymerase enzyme (P), and hydrolysis probe. The probe contains a
reporter dye (R) at the 5’ end and a quencher dye (Q) at the 3’ end. When the probe is intact, the proximity of
the reporter dye to the quencher dye results in suppression of the reporter fluorescence. Upon denaturation
and polymerization, the DNA polymerase enzyme cleaves the hydrolysis probe between the reporter and
the quencher only if the probe hybridizes to the target, resulting in increased fluorescence of the reporter.
The polymerization of the strand is not harmed and continues

10. The associated StepOnePlus™ software will automatically cal-
culate the quantification cycle (C,) (see Note 15). C, values
exceeding 40 are questionable because they imply low effi-
ciency (see Note 16) and generally should not be reported.
However, the use of such arbitrary C; cut-offs is not ideal,
because they may be either too low, eliminating valid results,
or too high, increasing false positive results [19].
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Table 4
Reaction mix for samples and standards in real-time qPCR

Reagent Volume (pL)

Tagman® Universal PCR Master Mix (2x) 10

Assay-on-Demand™ Gene Expression Assay Mix (20x) 1

cDNA /Standards 2
Nuclease-free water 7
Table 5

Run settings of real-time qPCR. The denaturation and anneal
and extension step run for 40 cycles

Function Time Temperature (°C)
Incubation 2 min 50
DNA polymerase activation 20s 95
Denaturation ls 95
Anneal /extension 20s 60

Many different methods have been proposed to normalize qQPCR
data [22]. The use of reference genes is undoubtedly the most
popular and adequate approach. However, accurate normalization
can only be performed after validation of the candidate reference
genes. Normalization against adequate reference genes corrects for
variable sample mass, nucleic acid extraction efficiency, reverse
transcription efficiency, and pipette calibration errors. Different
software systems can be used for this purpose, including geNorm
[23], NormFinder [24], and BestKeeper [25]. These algorithms
determine the most stable reference genes from a set of tested
genes in a given sample panel. From this, a gene expression nor-
malization factor can be calculated for each tissue sample based on
the geometric mean of a user-defined number of reference genes.
GeNorm calculates the gene expression stability measure M for a
reference gene as the average pairwise variation V for that gene
with all other tested candidate reference genes. Stepwise exclusion
of the gene with the highest M value allows ranking of the tested
genes according to their expression stability [23, 26]. The geNorm
is currently integrated in the qbase* software, which additionally to
the first version gives a fully automatic and expert result report,
handles missing data, and identifies single best reference genes
(Fig. 2). Besides geNorm, the gbase* software contains different
normalization methods to accommodate a wide range of experiments,
post-PCR quality control, interrun calibration, and statistical
analysis wizard. The gbase* helps applying MIQE compliant
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Data

input

Missing values

Experiment design

geNorm analysis was initiated on 35 samples and 8 reference targets.

none

The run lay-out is perfect. All samples are measured in the same run for a given reference target (i.e. sample maximization
strategy according to Hellemans et al., Genome Biology, 2007).

Results

Optimal reference target selection

The optimal number of reference targets in this experimental situation is 3 (geNorm V < 0.15 when comparing a normalization
factor based on the 3 or 4 most stable targets). As such, the optimal normalization factor can be calculated as the geometric
mean of reference targets Gapdh, Hmbs and B2m.

Reference target stability

Medium reference target stability (average geNorm M < 1.0). This is typically seen when evaluating candidate reference targets
on a heterogeneous set of samples (e.g. treated cultured cells, cancer biopsies, or samples from different tissues). More
reference values in Table 1 in Hellemans et al., Genome Biology, 2007.

Fig. 2 GeNorm result report using the gbase* software. Example of a fully automatic and expert result report
with handling of missing data and identification of single best reference genes

procedures and guides the experimenter to highest quality results.
Unlike geNorm, NormFinder adopts a model-based approach to
give a score to the two most stable reference genes with the least
intragroup and intergroup variation. Stability is expressed as a
value in arbitrary units. Furthermore, NormFinder possesses the
ability to discriminate between sample variability and bias among
several groups [24]. BestKeeper determines the variability in
expression of a set of reference genes by analyzing Cq values and
classifying variability by the coefficient of variance and the standard
deviation. To define the most stable reference gene, the software
generates an index, which finally is compared to each candidate ref-
erence gene. This comparison results in a value for the Pearson cor-
relation coefficient and probability, which are then allocated to each
candidate reference gene [25]. Using this software system, relative
alterations (i.e., fold change) in RNA levels can be calculated accord-
ing to the Livak 2724 formula [27]. Using the latter, data are
presented as the fold change in gene expression normalized to the
selected reference genes and relative to the untreated control.

4 Notes

1. Reagents from the GenElute™ Mammalian Total RNA
Miniprep Kit and the 5x iScript™ reaction mix may contain
some precipitation upon thawing. It should be mixed thoroughly
to resuspend the precipitation.

2. Lysis solution and wash solution 1 of the GenElute™
Mammalian Total RNA Miniprep Kit contain guanidine
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thiocyanate, which is a potent chaotripic agent and irritant.
Wear gloves, safety glasses, and suitable protective clothing when
handling these solutions or any reagent provided with the kit.

3. In general, RT-qPCR analysis requires working with small vol-
umes and tubes, including handling volumes of less than 1 pL.
This necessitates correct standard operation procedures for
pipetting small volumes. If the pipette tip is submerged into
the sample or reagent, the delivered volume to the reaction will
be larger than intended. Instead, the pipette tip should be
touched to the surface of the sample or reagent (Fig. 3). To
ensure reproducibility, pipettors should be calibrated on a regu-
lar basis (i.e., at least every 6 months). Alternatively, automated
liquid handling systems (e.g., epMotion® 5070, Eppendorf,
Germany) can be used for pipetting tasks in the RT-qPCR
procedure. These automated systems help to eliminate manual
pipetting errors and maximize the reproducibility.

4. The filtration step removes cellular debris and shears DNA. This
step may be omitted with fewer than 1 x10° cultured cells.

Fig. 3 Correct pipetting procedure. (a) Avoid submerging the pipette tip into the
sample or reagent. The delivered volume to the reaction will be larger than intended.
(b) Instead, the pipette tip should be touched to the surface of the sample
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10.

11.

. Centrifugation speeds are indicated in units of 4. Convert the

relative centrifugal force (RCF) to rotation per min (rpm)
according to the following formula: RCF=1.118 x 10-* x radius
(in cm) x rpm?.

. For larger amounts, scale up the volume of the lysis solution /2-

mercaptoethanol mixture proportionally. Divide the lysate into
500-700 pL aliquots and process through separate filtration
and binding columns.

. After each sample measurement the liquid on the upper and

lower pedestals should be removed with a soft laboratory wipe
to prevent sample carryover in successive measurements. After
measuring a large number of samples, it is recommended to
clean the pedestals thoroughly using 2 pL water aliquots.

. An Ay reading of 1.0 is equivalent to about 40 pg/mL of

RNA. The Ajyg0/ Az ratio provides an indication of the RNA
purity, in particular the presence of DNA or residual phenol.
Pure RNA has an Ajyep/ Asgo ratio between 1.8 and 2.1.

. When eluting with water, make sure that the pH of the water

is between 5.5 and 8.5. Elution may also be performed using
the elution solution diluted tenfold with water.

The most convenient way to gather information about the DNA
sequence of the target gene is by consulting the GenBank™
database maintained at the National Center for Biotechnology
Information (NCBI). Importantly, as one searches for DNA
sequences for connexin genes, one should consider the correct
designation. Indeed, two nomenclature systems are currently
used to name the different connexin species [28]. A first system
is based on the predicted molecular weight in kilodaltons
(i.e., Cx26 refers to a connexin with a molecular weight pre-
dicted by ¢cDNA sequencing of 26 kDa). A second system
divides the connexin family into four subclasses according to
genetic origin, overall sequence similarity, and length of cyto-
plasmic domain. This classification system forms the basis for
the current official nomenclature of connexin genes. Hence,
the corresponding gene names for Cx26, Cx32, and Cx43 are
GJB2, GJB1, and GJAI, respectively, for human, and Gjb2,
Gjbl, and Gjal for other species. The information about the
DNA sequence can be used to carefully choose the oligonucle-
otide primers, which can be performed using software, such as
Oligo® [29], Primer3 [30], and PRIMO [31].

Amplification in the NTC may indicate genomic contamination
of samples or amplicon cross-contamination. RNA samples that
contain DNA should be treated with DNase. When possible,
probes should be designed spanning an exon-exon junction to
avoid amplification of genomic DNA. It is essential to take pre-
cautions in order to clear samples from RNases and DNases. In
case of contamination, all reagents (e.g., master mix) and stock
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bufters should be replaced, and all PCR areas should be cleaned
meticulously.

Hydrolysis Tagman® reagents have the advantage to contain an
increased specificity compared to traditional primer systems
and to provide capability for use in multiplex systems. A limita-
tion is that the system requires synthesis of a unique fluoro-
genic probe. The SYBR® Green reagents use a double-stranded
DNA binding dye to detect PCR products, as they accumulate
during PCR cycles. This system is financially more favorable
and allows melt curve analysis. However, the dye binds non-
specifically to all double-stranded DNA sequences. This could
yield false positive results. To avoid false positive signals, for-
mation of nonspecific products should be identified using melt
curve or gel analysis.

The reaction mix should be at the bottom of each well of the
reaction plate. If not, centrifuge the reaction plate again for a
longer period of time at a higher centrifugation speed. It is
important not to allow the bottom of the reaction plate to
become smudged. Fluids and other impurities that adhere to
the bottom of the reaction plate can cause a contamination and
create an abnormally high background signal.

The instrument needs monthly maintenance, including cali-
bration. In addition, make sure that the instrument is set on
the correct dye and filter settings.

The nomenclature describing the fractional PCR cycle used for
quantification is inconsistent, with threshold cycle (C,), cross-
ing point (C,), and take-oft point (TPF) currently used in the
literature. The MIQE guidelines therefore propose to use the
term quantification cycle (C,) [19].

The efficiency of each PCR assay needs to be taken into account
for quality control purposes. If the efficiency is not between 90
and 110%, the PCR assay requires further optimization before
results can be considered valuable and suitable for further pur-
poses. The efficiencies for the target and reference genes should
be approximately equal.
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Chapter 2

DNA Methylation Analysis of Human Tissue-Specific
Connexin Genes

Xiaoming Liu and Canxia Xu

Abstract

Connexins are the structural proteins of gap junctions and their functioning as tumor suppressors is well
known. Epigenetic modifications, such as methylation of connexin genes, play important roles in regulat-
ing gene expression. Over the past decade, several methods have been applied to characterize DNA
methylation-specific loci of connexin genes. This chapter describes analysis of selective connexin32 and
connexin43 gene DNA methylation in human gastric tissues using methylation-specific PCR, bisulfite-
specific PCR sequencing as well as MassArray techniques.

Key words Connexin, Gap junction, Methylation-specific PCR, Bisulfite-specific PCR sequencing,
MassArray, DNA methylation, Normal gastric mucosa, Non-atrophic gastritis, Chronic atrophic
gastritis, Intestinal metaplasia, Dysplasia, Gastric carcinoma

1 Introduction

Gap junctions are cellular channels necessary to coordinate cell
function by allowing adjacent cells to directly share ions and mol-
ecules less than 1 kDa [1]. The connexin (Cx) family is a multigene
group of gap junction proteins. Gap junctional intercellular com-
munication (GJIC) directly potentiates cells to cooperate electri-
cally or metabolically. In both physiological and pathological
conditions, connexin functions are not always linked to their roles
in GJIC. For instance, the cytoplasmic carboxy tails of Cx32, also
known as gap junction protein f1 or GJB1, and Cx43, also called
gap junction protein al or GJAl, interact with the PDZ domain of
zona occludens protein 1, linking them to the cytoskeleton [2, 3].
Interaction of the Cx43 cytoplasmic carboxy tail with p-catenin
may influence Wnt signaling and can reside in the nucleus, result-
ing in inhibition of cell growth via interfering with key steps of cell
cycle regulation [4-6]. Reduced connexin expression and loss of
GJIC release initiated cells from growth control exerted by sur-
rounding normal cells and thus allow their clonal expansion,

Mathieu Vinken and Scott R. Johnstone (eds.), Gap Junction Protocols, Methods in Molecular Biology, vol. 1437,
DOI 10.1007/978-1-4939-3664-9_2, © Springer Science+Business Media New York 2016
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which can be considered as early events in cancer development.
Moreover, Cx26, Cx32, and Cx43 have been reported to act as
tumor suppressors in human renal cell carcinoma (RCC) and breast
cancer. Downregulation of connexin expression in precancerous
lesions or cancer tissues may occur at the transcriptional level, of
which a prominent mechanism is cancer-specific hypermethylation
of their gene promoters [7].

Connexins display high turnover rates with half-lives of 1.5-5 h
[8]. In the last few years, it has become clear that epigenetic pro-
cesses are essentially involved in connexin gene transcription. The
most extensively studied epigenetic mechanism is DNA methyla-
tion, which occurs almost exclusively at cytosine residues in CpG
dinucleotides [9]. Higher frequencies of CpG dinucleotides are
found in so-called CpG islands that comprise 1-2 % of the genome
[10]. CpG islands are typically present in gene promoter regions
and are generally unmethylated. It has been well documented that
methylation of CpG islands in connexin gene promoter regions is
associated with the transcriptional silencing [11, 12]. DNA hyper-
methylation contributes to oncogenesis by point mutation and
inactivation of tumor suppressor genes. Methylated connexin
genes are known to underlie various diseases and accumulation of
methylated CpG dinucleotides in connexin gene promoters is fre-
quently observed in neoplastic cells [3, 13, 14]. Not surprisingly,
the DNA demethylating agent 5-aza-2’-deoxycytidine suppresses
growth of RCC tumors in a xenograft model and breast cancer cell
lines by restoring Cx32 and Cx26 expression [5] as well as GJIC
[15], indicating the reversed tumorigenicity by re-introduction of
functional copies into cells lines using demethylation therapy.
Based on the predictable and therapeutic role of DNA methylation
in human disease, attention has been paid to this epigenetic modi-
fication in gene promoter regions as a gatekeeper of connexin
expression [16]. In the present chapter, three methods are
described for analyzing the methylation status of connexin CpG
islands in normal gastric mucosa as well as tissues in pathological
conditions, including non-atrophic gastritis, chronic atrophic gas-
tritis, intestinal metaplasia, dysplasia, and gastric carcinoma.

2 Materials

2.1 Genomic DNA
Extraction
from Tissues

1. Wizard® Genomic DNA purification kit (Promega, USA).
2. 15 mL centrifuge tubes.
3. Small homogenizer.

4. Liquid nitrogen for animal tissue grinding (eventually replacing
the small homogenizer).



2.2 Sodium Bisulfite
Gonversion
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2.3 PCR Reagents

2.4 Methylation-
Specific PCR

2.5 Bisulfite-Specific
PCR Sequencing

2.6 MassArray Assay
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. Mortar and pestle for animal tissue grinding (eventually replacing

the small homogenizer).

. Isopropanol at room temperature.
. 70% ethanol at room temperature.
. Water bath at 65 °C.
. Water bath at 37 °C.

EpiTect Bisulfite kit (Qiagen, USA).

[\

N o Ut W

. 10x PCR butffer (Qiagen, USA).
. 10 mM dNTPs (Amersham Pharmacia Biotech Products Inc.,

USA).

. 10 mM forward primer.

10 mM reverse primer.

. HotStarTaq DNA polymerase (Qiagen, USA).
. Bisulfite-treated genomic DNA.
. DNAse-free and RNAse-free water.

GelDoc XR system (Bio-Rad, USA).

. BigDye® XTerminator™ purification kit (Applied Biosystems,

USA): XTerminator solution and SAM™ solution.

. BigDye® Terminator v1.1 cycle sequencing kit (Applied

Biosystems, USA): M-13 tailed sequencing primers.

. QIAprep® Miniprep kits (Qiagen, USA).

4. QIAquick gel extraction kit (Qiagen, USA).

. MassARRAY® system (Sequenom Inc., USA).
. MassCLEAVE kit (Sequenom Inc., USA).

3 Methods

As such, three methods, namely methylation-specific PCR (MSP),

bisulfite-specific PCR (BSP) sequencing, and MassArray analysis,

were selected to detect Cx32 and Cx43 gene promoter methyla-

tion (Table 1). These three approaches are based on the same prin-
ciple of genomic DNA extraction and bisulfite-modified conversion
according to the steps as described below (Fig. 1).
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Table 1
Most common approaches for analyzing DNA methylation of selected gene sequences

Method Annotation

MSP Methylation-specific polymerase chain reaction

BSP Bisulfite sequencing polymerase chain reaction of clones
qPCR Subsequently after restriction

Bisulfite pyrosequencing

COBRA Combined bisulfite restriction analysis
Ms-SNuPE Methylation-sensitive single nucleotide primer extension
MethyLight Fluorescent-based real-time polymerase chain reaction

(TagMan®) in combination with bisulfite treatment

MassArray
Compare-MS Compare-methylation sequencing
AP-PCR Arbitrarily primed polymerase chain reaction
MSRE-PCR Methylation-sensitivity restriction enzymes combined
with polymerase chain reaction
PCR
T T T
Methyl/Unmethyl I"|'|C [L|l| “|’ﬁ
specific primer
e G G G
t e
1‘ Bisulfite
e e MG
S
/ ¢ ™S Microarray analysis
G m ' C 000000
00000
MALDI-TOF MS Electrochemical
detection

Fig. 1 Overview of DNA methylation detection techniques. (MALDI-TOF MS, matrix-assisted laser desorption/
ionization time-of-flight mass)



3.1 Genomic DNA
Extraction

from Human Gastric
Tissues
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Conversion
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Cytosine

3.2.1 Bisulfite DNA
Conversion
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. Grind tissue in liquid nitrogen using a pre-chilled mortar and

pestle.

. Allow the liquid nitrogen to evaporate, add 10-20 mg fresh

tissue to 600 pL of chilled nuclei lysis solution in a 1.5 mL
microcentrifuge tube, and homogenize for 10 s (se¢ Note 1).

. Add 3 pL of RNase solution to the cell or animal tissue nuclei

lysate and mix. Incubate for 15-30 min at 37 °C and cool to
room temperature.

. Add 200 pL of protein precipitation solution, mix vigorously

at high speed for 20 s, and chill the sample on ice for 5 min.

. Centrifuge at 13,000-16,000 x4 for 4 min. The precipitated

protein will form a tight white pellet.

. Carefully transfer the supernatant containing DNA, leaving

the protein pellet behind, to a new tube and add 600 pL iso-
propanol (se¢ Note 2).

. Mix gently by inversion until the white thread-like strands of

DNA form a visible mass and centrifuge at 13,000-16,000 x g4

for 1 min.

. Carefully decant supernatant and add 600 pL 70% ethanol.

Gently invert the tube several times to wash the DNA and cen-
trifuge at 13,000-16,000 x g for 1 min.

. Carefully vacuum-aspirate the ethanol and air-dry the pellet for

15 min (see Note 3).

Redissolve the DNA in 100 pL. of DNA rehydration solution
overnight at 4 °C or for 1 h at 65 °C. Mix the solution periodi-
cally by gently tapping the tube.

Store the DNA at 2-8 °C.

Bisulfite reaction-based assays rely on the chemical conversion of
cytosine to uracil. Sodium bisulfite rapidly deaminates position 5
methylated cytosine (5mC) residues to uracil compared to the
slower deamination of 5mC to thymine [15, 16]. Bisulfite-based
techniques allow for the analysis of this non-CpG methylation,
while other techniques cannot, making this one of the major
advantages of using bisulfite reaction-based methods.

1.

Thaw DNA and dissolve the required number of aliquots of
bisulfite mix by adding 800 pLL RNase-free water to each aliquot.
Mix until completely dissolved, which may take up to 5 min.

. Prepare the bisulfite reactions in 200 pL PCR tubes up to a

total volume of 140 pL:

(a) 1 ngto2 pg DNA solution.

(b) RNase-free water to 20 pL total.
(c) 85 pL bisulfite mix.

(d) 35 pL DNA protect buffer.
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3.

4.

3.2.2 Clean-Up 1.

of Bisulfite-Converted DNA

10.

11.

3.3 Primer Design 1.

and Methylation
Positive Control
Preparation

Close the PCR tubes and mix the bisulfite reactions thor-
oughly. Store the tubes at room temperature (see Note 4).

Set a thermal cycler with the following bisulfite conversion
conditions: denaturation 5 min at 99 °C, incubation 25 min
at 60 °C, denaturation 5 min at 99 °C, incubation 85 min at
60 °C, denaturation 5 min at 99 °C, incubation 175 min at 60 °C
and hold up to overnight at 20 °C.

. Split each tube into three different tubes and start the PCR

program.

Briefly centrifuge the PCR tubes containing bisulfite reactions
and transfer the complete bisulfite reactions to new 1.5 mL
microcentrifuge tubes.

. Add 560 pL freshly prepared buffer BL containing 10 pg/mL

carrier RNA. Mix solution using a vortex and centrifuge briefly
(see Note 5).

. Place an EpiTect spin column and collection tube in a suitable

rack. Transfer the mixture into EpiTect spin columns.

. Centrifuge columns at 16,000 x g speed for 1 min. Discard the

flow-through and place the spin columns back in the collection
tubes.

. Add 500 pL buffer BW to the spin column and centrifuge at

16,000 x g for 1 min. Discard the flow-through and place spin
columns back into the collection tubes.

. Add 500 pL buffer BD (i.e., desulfonation buffer) to the

spin columns and incubate for 15 min at room temperature
(see Note 6).

. Centrifuge the columns at 16,000x 4 for 1 min. Discard the

flow-through and place the columns back into the collection
tubes.

. Add 500 pL buffer BW and centrifuge at 16,000 x g for 1 min.

Discard and replace the spin columns. Repeat this step.

. Place the spin columns into new 2 mL collection tubes and

centrifuge at 16,000 x g for 1 min to remove residual liquid.

Place the spin columns into clean 1.5 mL microcentrifuge
tubes. Add 20 pL buffer EB to the center of the membrane.
Elute purified DNA by centrifugation for 1 min at approxi-
mately 15,000 x 4.

Store the DNA at -20 °C (see Note 7).

The primers for detection of Cx32 and Cx43 gene promoter
methylation are designed with MethPrimer for MSP (see
Note 8) and BSP (see Note 9), and EpiDesigner for MassArray
analysis (Fig. 2) (Table 2).
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Cx32

BSP 313 bp

MSP 245 bp

o
»|

MassArray 484 bp

0
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Fig. 2 Locations of primers for polymerase chain reaction for DNA methylation detection with amplicon of Cx32
and Cx43. Reprinted with permission from ref. 19

3.4 Gonnexin DNA
Methylation Analysis

3.4.1 Methylation-
Specific PCR

2.

Given that the connexin expression is negatively associated
with the gene methylation status, the primers for detection of
Cx32 and Cx43 expression designed with Primer5 are required
as a control for RT-PCR analysis, including the internal refer-
ence P-actin.

MSP is used to evaluate and quantify the connexin gene methyla-
tion status based on bisulfite reactivity. MSP uses two distinct
methylation-specific primer sets for the sequence of interest. An
unmethylated primer will only amplify sodium bisulfite-converted
unmethylated DNA, whereas a methylated primer is specific for
sodium bisulfite-treated methylated DNA [16].

1.

Following bisulfite modification of tissue DNA, unmethylated
and methylated reactions of MSP are carried out in a total vol-
ume of 25 pL containing 12.5 pL 2x EpiTect master mix, 2 pL
200 pM dNTPD, 0.5 pL 0.4 pM of forward or reverse primer,
and 10 pL. RNase-free water.

. Place the PCR tubes in the thermal cycler and start the cycling

program using the following conditions: 1 cycle at 95 °C for
10 min, 38 cycles at 94 °C for 15 s, annealing temperature for
30s,72 °C for 30 s, and 1 cycle at 72 °C for 10 min.

. Treat DNA of normal human peripheral blood lymphocytes

with SssI methyltransferase and subject to bisulfite modifica-
tion. This serves as the GC-sites methylation positive control
(see Note 10). Water can be used as a negative PCR control.
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Table 2

Cx32 and Cx43 primer sequences, amplified fragment size, and annealing temperature. Reprinted
with permission from ref. 19

Amplified Annealing
fragment temperature

Method Gene Primer sequence (5'-3’) size (bp) (°C)
Real-time  Cx32 F: ATGAACTGGACAGGTTTGTAC 302 56
RT-PCR R: ATGTGTTGCTGGTGCAGCCA
Cx43 F: TGCAGCAGTCTGCCTTTCGTTG 219 56
R: CCATCAGTTTGGGCAACCTTG
B-actin F: TGGACTTCGCAGCACAGCAGATGG 289 56
R: ATCTCCTTCTGCATCCTGTCG
MSP Cx32 (M) F: GGGGCGGGTGCGGCGAT 245 64
R: CTCCGCGCCTACGTCCC
Cx32 (U) F: GGGGTGGGTGTGGTGAT 245 64
R: CTCCACACCTACATCCCAA
Cx43 (M) F: AAATTGTAATATTTGGGTTTCAGCGC 156 58
R: AATAACGCCATCTCTACTCACCG
Cx43 (U) F:TTTTAAAATTGTAATATTTGGGTTTCAGTGT 161 56
R: AATAACACCATCTCTACTCACCACA
BSP Cx32 F: GGTTATTTTTTTGGTGGGGTTATG 313 58
R: ACCCAAACAAATCCCCTATAATCTC
Cx43 F: TGTTTTTTAAAATTGTAATATTTGGGTTTA 377 56
R: AAAAACAAACTCATCTAACCTTCCTATTC
MassArray Cx32 F: CAGTTTCAGCAGTTTTTGGGTTTTTTGG 484 60
R: TAACTCCCTATCCCCTAACTCCTTA
Cx43 E: ATGTTTTTGCAGGTTGGATCAGGAAAT 447 60

R: ACCAACAAATAAAAACAAAATTATTCC

3.4.2 Bisulfite-Specific
PCR Sequencing

4. Create an unmethylated DNA positive control by using the
methyltransferase inhibitor 5-aza-2-deoxycytidine (se¢ Note 11).
Water can be used as a negative PCR control.

5. Detect the PCR products by gel electrophoresis using 2 % aga-
rose gel (Fig. 3).

6. Calculate the methylation level according to the formula [M/
(M+U)x100%] using the gray values of methylation (M) and
unmethylation (U) bands.

BSP amplifies targets regardless of the gene methylation state of
the internal sequence and is considered the gold standard for this
type of analysis. One of the primers is fluorescently labeled at the
5’ end, so that the resulting amplicons can be identified by electro-
phoresis and subjected to sequencing [17]. It thus provides an
inherently more accurate assessment of the gene methylation state
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a Cx32 Cx43
MP UP NGM NGM NAG NAG DM MP UP NGM NGM NAG NAG DM
Marker MU MU MU MU M U M UMU Marker M U MU MU MU M UMU MU

500 bp
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Fig. 3 Representative results for Cx32 and Cx43 gene promoters at different gastric carcinogenesis stages
using methylation-specific polymerase chain reaction. (a) Agarose gel electrophoresis of MSP bands. (h)
Quantified MSP bands (CAG chronic atrophic gastritis, DW diluted water as negative control, DYS dysplasia, GC
gastric cancer, IM intestinal metaplasia, M methylated, MP methylation positive control, NAG non-atrophic
gastritis, NGM normal gastric mucosa, U unmethylated, UP unmethylated positive control). Reprinted with
permission from ref. 19

compared to MSP that selects for presupposed fully methylated or
fully unmethylated complementary sequences.

1. The BSP PCR reaction mixture of 25 pL contains 2 pL
bisulfite-modified DNA template, 12.5 pl. TaKaRa Premix
Taq HS, 1 pL each 10 pmol /L forward or reverse primers, and
8.5 pL deionized distilled water.

2. The annealing temperature (Ta) is set using a gradient ther-
mal cycler (see Note 12): 1 cycle at 95 °C for 5 min, 35 cycles
at 94 °C for 1 min, the target Ta for 2.5 min, 72 °C for 1 min,
and 1 cycle at 72 °C for 5 min.
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3. Load a fraction of the PCR amplification onto a 1.5% agarose

gel with mass ladder, allow electrophoretic migration, and view
the products between 200 and 500 base pairs using standard
methods. If the amplified product is of the correct molecular
weight and free of nonspecific by-products, proceed to tradi-
tional cloning and sequencing as described in step 14. If not,
proceed to step 4.

. Follow the instructions in the QIAquick gel extraction kit to

extract and purify the PCR bands:

(a) Excise the DNA fragment from the agarose gel with a
clean sharp scalpel.

(b) Weigh the gel slice in a colorless tube and add 3 volumes
buffer QG to 1 volume gel.

(c) Incubate at 50 °C until the gel slice is completely dissolved
and mix the tube every 2-3 min to help dissolve. Check
that the color of the mixture is yellow without dissolved
agarose.

(d) Add 1 gel volume of isopropanol to the sample and mix.
¢)

(

(f) Apply the sample to the QIAquick column and centrifuge
for 1 min. Discard the flow-through and place the
QIAquick column back in the same collection tube to
bind DNA.

(g) Add 0.75 mL butffer PE to the QIAquick column and cen-
trifuge for 1 min. Discard the flow-through and centrifuge
the QIAquick column for an additional 1 min at 12,000 x 4.

Place a QIAquick spin column in a 2 mL collection tube.

(h) Place the QIAquick column into a new 1.5 mL microcen-
trifuge tube.

(i) Add 50 pL water to the center of the QIAquick membrane
and centrifuge the column for 1 min at 16,000 x 4 to elute
DNA.

. Set up ligation reactions for amplicon cloning by mixing 3 pL.

of PCR purified product, 1 pL plasmid, 1 pL. T4 ligase, and
2.5 pL reaction buffer. Mix the reactions by pipetting.
Incubate the reactions for 1 h at room temperature.

. Transform normal cells as follows:

(a) Carefully transfer 50 pL cell suspension into each prepared
tube.

(b) Gently flick the tubes to mix and place them on ice for
20 min.

(c) Heat-shock the cells for 45-50 s in a water bath at exactly
42 °C and do not shake.

(d) Immediately return the tubes to ice for 2 min.
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Add 950 pL. SOC medium at room temperature to the tubes
containing cells transformed with ligation reactions. Incubate
for 1.5 h at 37 °C with shaking at approximately 150 x 4.

. Plate 150 pL of each transformation culture onto LB/ampi-

cillin/IPTG/X-Gal plates. The cell pellets are obtained by
centrifugation at 8000 x4 for 1 min, resuspended in 150 pL
SOC medium. Incubate the plates overnight (i.e., 16-24 h) at
37 °C.

. Use Plasmid Miniprep to isolate the recombinant plasmid

DNA as instructed:

(a) Resuspend pelleted bacterial cells in 250 pL bufter P1 and
transfer to a microcentrifuge tube.

(b) Add 250 pL buffer P2 and gently invert the tube 4-6
times to mix.

(c) Add 350 pL buffer N3 and invert the tube immediately
but gently 4—6 times.

(d) Centrifuge for 10 min at 13,000xg in a table-top
microcentrifuge.

(e) Transfer supernatants to the QIAprep spin column by
decanting.

(f) Centrifuge for 60 s and discard the flow-through.

(g) Wash the Column by adding 0.75 mL buffer PE and cen-
trifuging for 60 s.

(h) Discard the flow-through and centrifuge for an additional
1 min to remove residual wash buffer.

(i) Place the column in a clean 1.5 mL microcentrifuge tube.

(j) Add 50 pL water to the center of QIAprep and spin col-
umn to elute DNA.

(k) Let stand for 1 min and centrifuge for 1 min.

For sequencing, use the purified recombinant plasmid DNA as
templates and perform a cycle sequencing reaction using the
BigDye Terminator V1.1 kit. For each reaction, mix 5 pL
DNA template, 1.5 pL reaction mix, 3 pl. 5x reaction buffer,
1.5 pL 10 pM T7 primer, and 4 pL sterile water. Mix briefly by
pipetting and amplify DNA using the following PCR condi-
tions: 1 cycle of denaturing at 1 min and 96 °C, 30 cycles of
10sat 96 °C, 5,50 s,4 min at 55 °C and 1 cycle of 4 °C for
10 min.

After cycle sequencing, clean up the reaction by centrifuging
the reaction plate and pipetting the SAM™ solution into each
well (i.e., 20 pL per well for a 96-well plate).

Aspirate XTerminator solution and add to each well using a
wide-bore pipette tip (i.e., 20 pL per well for a 96-well plate).
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Fig. 4 Screenshots of bisulfite polymerase chain reaction sequencing of Cx43 gene promoter CpG islands.
Blue curve indicates the peak of the sulfonated methylCpG site as C. Red curve demonstrates the sulfonated
non-methylated CpG site as T. Reprinted with permission from ref. 19

3.4.3 MassArray Analysis

13. Seal the plate using a clear adhesive film. Mix for 30 min and
centrifuge the reaction plate briefly.

14. Perform sequencing using the DNA analyzer. Fragment analy-
sis is applied to obtain the ratio of amplicons derived from
bisulfite-converted methylated and unmethylated connexin
DNA (Fig. 4).

This method is ideal for detection of gene methylation, for dis-
crimination between methylated and non-methylated samples, and
for quantitying the methylation levels of DNA. In essence, cleavage
products are generated for the reverse transcription reactions for
both U (T) and C in separate reactions. Each cleavage product
encloses either a CpG site, called a CpG unit, or an aggregate of
multiple CpG sites [18]. For both T and C reactions, the resulting
cleavage products have the same length and differ only in their
nucleotide composition. A distinct signal pair pattern results from
the methylated and non-methylated template DNA and is analyzed
by the matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry technique (MALDI-TOF) (Fig. 5).

1. Perform PCR amplification of DNA following bisulfite modi-
fication using MassArray primers. Each PCR is split into two
cleavage (i.e., T and C) reactions. The volume for single
reaction is as follows: 0.5 pL. 1x Hot Star buffer, 0.04 pL
200 pM dNTP mix, 0.04 pL 0.2 U/pL Hot Star Taq, 1 pL.
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Fig. 5 Schematic diagram of the MassArray system. The bisulfite treatment converts non-methylated cytosine
into uracil, thus generating methylation-dependent sequence changes in the genomic DNA template. PCR,
with T7-promoter tagged reverse primers, is used to amplify the template, while preserving the induced
sequence changes. These RNA products are processed by T-base-specific cleavage, yielding small RNA
fragments

200 nM forward primer, 1 pL. 200 nM reverse primer, and 1
pL. DNA template.

2. Seal the plates and cycle as follows: 94 °C for 15 min, 45 cycles
at 94 °C for 20 s, melting temperature of primer for 30 s, 72
°C for 1 min and 72 °C for 3 min.

3. Add 2 pL of shrimp alkaline phosphatase to each 5 pL. PCR
reaction to dephosphorylate unincorporated dNTPs from the
PCR. Incubate the plates for 20 min at 37 °C and then incu-
bate at 85 °C for 5 min.

4. Prepare transcription/RNase A cocktail for each cleavage reac-
tion (i.e., T and C). The 5 pL total condition per plate is com-
posed of 3.15 pL. RNase-free double distilled water. 0.89 pL
0.64x T7 Polymerase buffer, 0.24 pLL T/C cleavage mix, 0.22
pL 3.14 mM DTT, 0.44 pL 22 U T7 RNA and DNA
Polymerase, and 0.06 pL 0.09 mg/mL RNase A.

5. Add 5 pL transcription/RNase A cocktail and 2 pL of shrimp
alkaline phosphatase PCR sample into a new uncycled microti-

ter plate. Centrifuge the plates for 1 min and incubate the
plates at 37 °C for 3 h.
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Fig. 6 Representative results for analysis of DNA methylation of Cx32 and Cx43 gene promoters at different
gastric carcinogenesis stages by MassArray analysis. The validated length for Cx32 gene is 484 CpG sites
containing 18 CpG sites (15 detected). The validated length for Cx43 gene is 447 bp with a total of 12 CpG sites
(11 detected). This panel provides graphical representations of the CpG sites within the selected amplicon. The
color code refers to the degree of DNA methylation shown in the methylation panel in order to provide quick
and reliable comparison between samples and CpG sites. Reprinted with permission from ref. 19

6. Add 6 mg of clean resin to each well. Rotate for 10 min and

spin down for 5 min at 3200 x 4.

7. Add EpiTYPER reaction product and acquire spectra from the

two cleavage reactions. The molecular weight of each fragment
is determined by MALDI-TOF and the EpiTYPER software
generates a report that contains quantitative information for
each analyzed fragment (Fig. 6).

4 Notes

1. Alternatively, thawed tissue is introduced in the chilled nuclei

lysis solution and homogenized for 10 s using a small
homogenizer.

. Some supernatant may remain near the pellets in the original

tube containing the protein pellet. Leave this residual liquid in
the tube to avoid contaminating the DNA solution with the
precipitated protein.

. The DNA pellet is very loose at this time. Using either a

sequencing pipette tip or a drawn pipette is recommended to
avoid aspirating the pellet into the pipette.
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. DNA protect buffer should turn from green to blue after addi-

tion to DNA bisulfite mix indicating sufficient mixing and
accurate pH.

. Carrier RNA is not necessary when using more than 100 ng

DNA.

. If there are precipitates in buftfer BD, avoid transferring them

to the spin column. Moreover, it is important to close the lid
of the column before incubation.

. To increase the yield of DNA in the eluate, transfer the spin

column to a new 1.5 mL microcentrifuge tube, add an addi-
tional 20 pL buffer EB to the center of the membrane, and
centrifuge for 1 min at 16,000 xg. Combine both eluates.

. The methylated primer set assumes the CpGs are fully methyl-

ated; thus the primer will have all four bases in the sequence.
The unmethylated primer set anneals to genomic DNA that is
not methylated in the same primer binding site, and therefore
will have T instead of C in the primer sequence. Design guide-
lines generally have a C or T near the 3’ end of the two primer
sets, respectively, where any mismatches will be discriminated
against by the polymerase.

. Design primers to the bisulfite-converted DNA sequence such

that each primer is 25-30 bases long, has a melting tempera-
ture of approximately 60 °C, and does not hybridize to any
CpG-cytosines.

It is important to test the primer sets with a control genomic
DNA with a known methylation status along with genomic
DNA with an unknown methylation status. The properly
designed methylated primer set will only amplify the control
methylated genomic DNA and not unmethylated genomic
DNA, and the unmethylated primer set will only be positive
for unmethylated genomic DNA.

It is recommended that DNA from peripheral blood is used as
a control for the unmethylated reaction.

Ensure that temperatures 1-5 °C below and 1-5 °C above the
Ta are tested in a gradient thermal cycler in order to determine
the temperature at which a single specific PCR product is
amplified. Using more cycles may be necessary if starting with
less than 1 pg of genomic DNA.
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Chapter 3

Detection of Connexins in Liver Gells Using Sodium
Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
and Imnmunoblot Analysis

Joost Willebrords, Michaél Maes, Sara Crespo Yanguas, Bruno Cogliati,
and Mathieu Vinken

Abstract

Since connexin expression is partly regulated at the protein level, immunoblot analysis represents a
frequently addressed technique in the connexin research field. The present chapter describes the setup of
an immunoblot procedure, including protein extraction and quantification from biological samples, gel
electrophoresis, protein transfer, and immunoblotting, which is optimized for analysis of connexins in liver
tissue. In essence, proteins are separated on a polyacrylamide gel using sodium dodecyl sulfate followed by
transfer of proteins on a nitrocellulose membrane. The latter allows specific detection of connexins with
antibodies combined with revelation through enhanced chemiluminescence.

Key words Connexins, Protein extraction, Sodium dodecyl sulfate polyacrylamide gel electrophore-
sis, Immunoblot analysis, Antibody, Enhanced chemiluminescence

1 Introduction

Renart, Reiser, and Stark were the firsts to describe a rapid and sensitive
method for the separation and detection of proteins using diffusion
over polyacrylamide gels and antibodies [1]. Later on, Towbin
reported transfer of proteins in an electrical field [2]. This approach
was optimized by Brunette, who introduced the designation west-
ern blot, playing on the Southern blot and northern blot methods
used to detect DNA and RNA, respectively [3]. Throughout the
years, the immunoblot technique underwent significant advances
with respect to the sensitivity, robustness, and flexibility [4]. At pres-
ent, the western blot technique is widely used because of its specific
advantages in comparison with other protein detection methods,
such as mass spectrometry and enzyme-linked immunosorbent assay
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(ELISA). Overall, the immunoblot procedure has a great specificity
and is cheap in comparison with mass spectrometry. Moreover, west-
ern blotting can detect proteins in small amounts of sample. On the
other hand, semi-quantitative densitometric analysis is typically used
to quantify protein expression on a blot, being less accurate than the
ELISA detection method [5]. Connexin (Cx) half-life is very short
(i.e., 1.5-5 h) compared to other transmembrane proteins [6-10].
Connexin mRNA translation can be modified through microRNAs
or RNA-binding proteins and may be altered through trafficking
and degradation mechanisms [11, 12].

As such, six connexin proteins gather to form a hemichannel in
a single cell and two hemichannels of adjacent cells can connect to
establish gap junctions [13]. The latter are important communica-
tion channels between neighboring cells, providing the passage of a
number of molecules, such as cyclic adenosine monophosphate,
adenosine triphosphate, inositol triphosphate, and ions, all of which
play important roles in liver homeostasis [ 14—16]. The liver was the
first organ in which connexins have been identified and hence sev-
eral research efforts over the last decades have been focused on the
analysis of these particular gap junction proteins [17-20]. In this
regard, detection of connexin proteins using immunoblot analysis is
a valuable method in liver research.

In this chapter, an immunoblot procedure optimized for analysis
of hepatic connexins, specifically Cx26, Cx32, and Cx43, is outlined.
The procedure basically consists of two steps, namely sodium dodecyl
sulfate (SDS) polyacrylamide gel electrophoresis (PAGE) and immu-
noblotting. Adding SDS, a strong anionic detergent, to protein
extracts will result in an equal distribution in charge per unit mass.
When applying voltage to the polyacrylamide gel, proteins will
migrate at different speed and will be separated according to their
molecular weight [21]. Subsequently, separated proteins can be
transferred onto a membrane, typically made of nitrocellulose, poly-
vinylidene difluoride, or polyvinylpyrrolidone, upon establishment of
an electrical field [22]. In order to reduce nonspecific binding of anti-
bodies on the membrane in the next step, blots are incubated in a
solution containing bovine serum albumin (BSA), nonfat dry milk,
or casein [23]. Visualization of the protein can be achieved by a num-
ber of methods, of which enhanced chemiluminescence (ECL) is the
most popular one. ECL is a very sensitive method and can be used
for relative quantification of protein abundance on the membrane by
detecting horseradish peroxidase from antibodies. The reaction prod-
uct produces luminescence (Fig. 1), which can be captured on pho-
tographic film, and this is correlated with the amount of target
protein on the membrane [24].



Western Blot Analysis of Hepatic Connexins 39

Light
(0] D (o]
C
lilH (3
ni +H20: Horseradish peroxidase 8

Oxidized luminol

@ Target protein

Membrane

Fig. 1 Principle of ECL detection method. (a) Primary antibody binds to target protein on the membrane. (h)
Secondary antibody, linked to horseradish peroxidase, binds to primary antibody. (c) Horseradish peroxidase
and H,0, aid in the oxidation of luminol. (d) This reaction emits light, which correlates to the amount of protein

on the membrane

2 Materials

2.1 Protein
Extraction

2.2 Protein
Quantification Assay
(See Note 3)

All solutions should be prepared with ultrapure water (i.c., purified
and deionized water with a constant sensitivity of 18 MQ at 25 °C).

1.

g o N

Ethylenediaminetetraacetic acid (EDTA) solution: 0.5 M
EDTA in water. Adjust to pH 8.0 (see Note 1). This solution
can be stored for 6 months at 4 °C.

. Lysis buffer (see Note 2): Prior to use, add 100 pL EDTA

solution and 100 pLL 100x protease and phosphatase inhibitor
cocktail to 9.8 mL radio-immunoprecipitation assay buffer.

. Centrifuge suitable for cooling at 4 °C.

. Sonicator (i.e., for cell culture samples) or mixer (i.e., for liver

tissue samples).

. Rotator.

. Bicinchoninic acid (BCA) working reagent: Prior to use, mix

BCA reagent A with BCA reagent B in a ratio 50:1. The solu-
tion turns blue. BCA working reagent can be stored for several
days in a closed container at room temperature.

. BSA standards (Table 1). Keep on ice.
. Flat-bottom 96-well plate.
. Multiplate reader.

. Incubator.
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Table 1
BSA standard dilutions

BSA standard Water (pL) Stock (pL) Final concentration (ug/mL)
A 0 300 from stock 2000
B 125 375 from stock 1500
C 325 325 from stock 1000
D 175 175 from B 750
I 325 325 from C 500
F 325 325 from E 250
G 325 325 from F 125
H 400 100 from G 25
BSA bovine serum albumin
2.3 Preparation 1. Tris buffer 1: 1.5 M Tris in water. Adjust to pH 8.8. This solution

of Gels (Table 2)

2.4 SDS-PAGE

can be stored for 6 months at 4 °C.

. Tris buffer 2: 0.5 M Tris in water. Adjust to pH 6.8. This solution

can be stored for 6 months at 4 °C.

. Polyacrylamide solution: 30 % acrylamide /bisacrylamide 37.5:1

solution (see Note 4).

. SDS solution: 10% SDS in water. This solution can be stored

for 6 months at room temperature.

. Ammonium persulfate (APS) solution: 10 % APS in water. The

solution is prepared ex tempore and should be kept on ice.

. Tetramethylethylenediamine (TEMED).

. Isobutanol solution: 1:3 isobutanol /water solution. Shake and

let the solution rest after preparation for at least 30 min.

. Glass plates.
. Combs.
. Filter paper.

. Bromophenol blue solution: 0.5 % bromophenol blue in water.

This solution can be stored for 6 months at 4 °C.

. Sample bufter: Mix 2.5 mL Tris buffer 2, 2 mL SDS solution,

2 mL glycerol, 200 pL bromophenol blue solution, and 2.35 mL
water. This solution can be stored at -20 °C for 2 weeks. 1/10
f-mercaptoethanol is added prior to use (see Note 5).

. Running bufter: 24.9 mM Tris, 192 mM glycine, 3.5 mM SDS

in water. About 1 L per 2 gels is needed. Prepare ex tempore.

. Protein marker (see Note 6).



2.5 Protein Transfer

2.6 Immunoblotting
and Protein Detection
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. Electrophoresis tank.

. Power supply source.

. Transfer buffer: 24.9 mM Tris, 192 mM glycerol, 20 % metha-

nol in water. Prepare ex tempore.

2. Nitrocellulose membrane (sec Note 7).

. Ponceau S solution: 0.03 M Ponceau S, 1.84 M trichloroacetic

acid, and 1.18 M 5-sulfosalicylic acid dihydrate in water. This
solution can be reused when stored for 6 months at room
temperature.

4. Electrophoresis tank.

. Power supply source.

. 10x Tween-supplemented Tris-buffered phosphate-buffered

saline (TBST): 0.20 M Tris, 1.36 M NaCl, 9 mM Tween 20 in
water. Adjust to pH 7.6. This solution can be stored for 6
months at 4 °C.

. 1x TBST: Dilute 10x TBST ten times in water. Prepare ex

tempore.

. Blocking buffer: 5% milk powder in 1x TBST (see Note 8).

Prepare ex tempore.

. Appropriate primary and secondary antibody: Polyclonal anti-

Cx26 antibody produced in rabbit (Thermo Scientific, USA),
polyclonal anti-Cx32 primary antibody produced in rabbit
(Sigma, USA), polyclonal anti-Cx43 primary antibody produced
in rabbit (Sigma, USA). Polyclonal goat anti-rabbit immuno-
globulins/horseradish peroxidase secondary antibody (Dako,
Denmark) (see Note 9).

. Pierce™ ECL western blotting substrate (Thermo Scientific,

USA): Mix 2 mL peroxide solution with 2 mL luminol enhancer
solution ex tempore.

6. Fixation solution.

7. Development solution.

8. Photographic films.
2.7 Stripping Restore™ western blot (Thermo Scientific, USA).
of the Immunoblot
3 Methods

3.1 Protein
Extraction

1.

2.

Add 10 pL of lysis buffer per mg liver tissue or 100 pL per cell
culture dish with a diameter of 10 cm (see Note 10).

For cultured cells, sonicate 30 s with 50 % pulse while keeping
the cells on ice (see Note 11). For liver tissue samples, homog-
enize using a mixer and keep on ice.



42 Joost Willebrords et al.

Table 2

Composition of stacking and separating polyacrylamide gels

Separation Separation Separation  Separation Stacking
gel (7.5%) gel (10%) gel (12%) gel (15%)  gel (4%)

Water (mL) 4.85 4.00 3.35 2.35 3.05
1.5 M Tris buffer (mL) 2.50 2.50 2.50 2.50 -

0.5 M Tris buffer (mL) = = = = 1.25
Polyacrylamide solution (mL) 2.50 3.33 4.00 5.00 0.65
SDS solution (mL) 0.10 0.10 0.10 0.10 0.050
APS solution (mL) 0.050 0.050 0.050 0.050 0.025
TEMED (mL) 0.015 0.015 0.015 0.015 0.015

SDS Sodium dodecyl sulfate, APS ammonium persulfate, TEMED tetramethylethylenediamine

3.2 Protein
Quantification Assay

3.3 Preparation
of Gels (See Note 14)

. Shake for 15 min on a rotator at 4 °C (see Note 12).
4. Centrifuge at 14,000 x4 for 15 min at 4 °C.

. Transfer the supernatant to a new tube and store at -80 °C.

. All samples, standards, and blanks should be measured in trip-

licate and should be kept on ice.

. Prepare the BSA standards (Table 1) and the BCA working

reagent.

. Pipet 10 pL of each properly diluted sample (see Note 13) and

BSA standards in the respective wells of a flat-bottom 96-well
plate. Add 200 pL of the BCA working reagent to each well.
Use 210 pL BCA working reagent as a blank. Mix the plate
thoroughly on a plate shaker for 30 s.

4. Protect the plate from light and incubate at 37 °C for 30 min.

. Cool the plate to room temperature and measure the absor-

bance at 562 nm on the multiplate reader.

. Subtract the average absorbance measurement of the blank stan-

dard from the measurements of all other standards and samples.
Prepare a standard curve by plotting the average absorbance
measurement for each BSA standard as a function of concentra-
tion expressed in pg/mL. Use the standard curve to determine
the protein concentration of each sample by interpolation.

. Prepare the gel solution (see Note 15) in a conical flask

(Table 2).

. Pour the separation gel solution between the glass plates and

add a thin layer of isobutanol solution. The polymerization pro-
cess starts instantly. Let rest for 30 min at room temperature.



3.4 SDS-PAGE

3.5 Protein Transfer
(See Note 21)

p—
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. Prepare the stacking gel solution (Table 2).

. Remove the isobutanol solution using a filter paper, wash three

times with water, and pour the stacking gel solution on top of
the separation gel. Correctly place the combs into the gel and
let rest for at least 30 min at room temperature.

. Remove the combs and rinse the wells three times with water.

. Thaw the protein samples on ice before starting.

. Calculate the volume needed to load 50 pg protein from each

sample (see Note 16) on the gel based on the respective pro-
tein concentration. Dilute until 10 pL with lysis buffer and add
10 pL sample buffer. All samples should be kept on ice during
preparation.

. Install the gel cassette into the electrophoresis tank (see Note

17) and add running buffer between the gels and in the tank
(see Note 18). Spin the samples shortly before loading on the
gel and shortly mix protein ladder solution. Load 5 pL of the
protein ladder (see Note 6) in the first well and load samples
(i.e., 20 pL) in the other wells. Empty wells are loaded with a
mixture of 10 pL lysis buffer and 10 pL sample buffer (see
Note 19).

. Close the electrophoresis tank, connect to the voltage source

and start separation by applying a constant voltage of 150 V. Stop
when the bromophenol blue line reaches the end of the gel (see
Note 20).

. Cut a nitrocellulose membrane fit to the size of the gel and let

soak in cold transfer buffer together with the blotting paper
and sponges.

. Take the cassette out of the tank, open and remove the stack-

ing gel using a spatula (se¢ Note 22). Put the separation gel in
the transfer recipient with the nitrocellulose membrane under-
neath. Add blotting paper on the membrane and on the gel.
Keep in mind that the gel is the top layer while the membrane
forms the bottom layer. Remove all air bubbles by rolling over
using a roller. Add a sponge to each side and put in a cassette.
Add transfer buffer to the tank and apply a constant voltage of
150 V for 1 h (see Note 23).

. Remove the membrane from the cassette and incubate with

Ponceau S solution for 3 min while shaking. Ponceau S will
bind to all proteins and allows assessing the efficacy of the trans-
fer and checking equal loading (see Note 24).

. Rinse the membrane three times with water and shake with

TBST until all Ponceau S is removed from the membrane.



44 Joost Willebrords et al.

3.6 Immunoblotting
and Protein Detection

3.7 Stripping
of the Inmunoblot
(See Note 31)

3.8 Processing
of Results

1.

Block the nitrocellulose membrane for 1 h in blocking buffer
at room temperature on a shaker. Make sure that the blotting
side is faced up.

. Incubate with the primary antibody (se¢ Note 25) diluted in

blocking buffer overnight at 4 °C on a shaker (sec Note 26).

. Wash the membrane three times 10 min with TBST on a shaker.

. Incubate with the secondary antibody solution for 1 h at room

temperature (see Note 27).

. Wash three times 10 min with TBST on a shaker (se¢ Note 28).

. Prepare the Pierce™ ECL western blotting substrate solution and

incubate with the membrane for 1 min at room temperature.

. Place the photographic film on the membrane and close the

cassette for an appropriate period of time (see Note 29).

. Remove the film and place for 1 min in fixation solution, rinse

shortly with water, and expose for 1 min to development solu-
tion. Rinse shortly with water and let dry (se¢ Note 30).

. If necessary, rehydrate the membrane by immersing in TBST.

. Incubate the membrane in Restore™ western blot stripping

buffer for 5-15 min at room temperature.

. Wash three times 5 min with TBST on a shaker.
. Check the efficiency of the stripping process by re-incubation

of the membrane with the previously used secondary antibody,
followed by washing with TBST and developing of the

immunoblot.

. If no signal is observed, proceed with re-incubation of the

membrane with the antibody of interest.

. If stripping of the membrane is necessary (see Note 31), rede-

velop the membrane as described in Subheading 3.6 with
appropriate primary and secondary antibody of a suitable
housekeeping protein (see Note 32).

. Analyze and quantify the protein signals on the membrane

using Quantity One 1D Analysis Software (Bio-Rad, USA) by
semi-quantitative densitometry for both the target proteins
and housekeeping proteins (se¢ Note 33).

. Correct the target protein measurements to the housekeeping

protein results in each lane of the membrane (see Note 33).

. Statistically process the results using an appropriate test

(see Note 34).
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4 Notes

1. pH adjustment of a solution is commonly performed by using

HCI. A concentrated HCI solution (i.e., 37 %) can be used for
this purpose, yet it can be useful to use a less concentrated HCI
solution (i.e., 5%) to avoid a sudden drop in pH.

. The selection of an appropriate lysis buffer is of utmost impor-

tance. It should be optimally designed to efficiently extract the
protein(s) of interest, whilst leaving their antigenic sites intact.
Particularly the use of a suitable detergent for protein extrac-
tion and solubilization should be taken into account as well as
addition of a proper set of protease and phosphatase inhibitors
[25]. Some antibodies will only recognize a protein in its native
non-denatured form and will not detect a protein that has
been extracted with a denaturing detergent, such as SDS,
deoxycholate, Triton X-100, and NP-40. In general, the fol-
lowing range of variables should be optimized: salt concentra-
tion 0-1 M, non-ionic detergent 0.1-2%, ionic detergents
0.01-0.5%, divalent cation concentration 0-10 mM, EDTA
concentration 0-5 mM and pH 6-9 [26].

. A diverse array of protein quantification assays is currently

available. It is of major importance to select the correct assay
based on the type of sample and concentration range of pro-
tein in the sample, since each test has its specific limitations
[27, 28]. For cultured hepatocytes and freshly isolated liver
tissue, it is recommended to use the BCA assay, as it provides a
good combination of specificity and ease of use. The BCA
assay is a spectrophotometric assay based on the alkaline reduc-
tion of cupric ions to cuprous ions mediated by proteins. This
is followed by chelation and color development by the BCA
reagent. BSA is used as a standard because of'its great working
range and stability [29]. Immunoglobulin G could also be
used as a standard against which the concentration of protein
in samples is normalized [30].

. Use gloves and be careful when handling acrylamide, as it is a

neurotoxic and carcinogenic agent [31-33].

. Add p-mercaptoethanol to the sample buffer in a well-venti-

lated area, as it is considered toxic and can cause irritation to
the nasal cavity, respiratory tract, and skin.

. A molecular weight marker should be loaded onto the gel along

with the analyzed samples in order to enable the determination
of the protein size and to monitor the progress of the electro-
phoretic run. Precision Plus Protein™ Kaleidoscope™ Prestained
Standards (Bio-Rad, USA) is a suitable protein marker for the
detection of connexin proteins, since it allows monitoring of
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10.
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electrophoretic separation, molecular weight seizing, and blot
transfer efficacy on SDS-PAGE gels by fluorescence. The choice
of an appropriate molecular weight marker depends on the pro-
tein detection method and molecular weight range of the con-
nexin of interest. Bio-Rad (USA) provides a series of protein
markers, such as prestained protein ladders for visual assessment
during electrophoresis and transfer, unstained protein ladders
for coomassie blue and zinc staining, and western blotting stan-
dards for fluorescent visualization and colorimetric or chemilu-
minescent immunodetection on western blots.

. There are three types of blotting membranes available, namely

nitrocellulose, which is the most popular one, polyvinylidene
fluoride, which requires pretreatment in methanol for 1-2 min,
and polyvinylpyrrolidone. Nitrocellulose membranes are typi-
cally used for low molecular weight protein detection, while
polyvinylpyrrolidone is more suitable for northern blotting. All
types of membranes can be stripped and reprobed.

. When preparing blocking buffer, make sure that all milk pow-

der is dissolved by stirring the solution for about 20 min. This
solution can be used up to 5 days when stored at 4 °C. It is
recommended to mix again before use.

. The decision regarding whether to use polyclonal or monoclo-

nal antibodies depends on a number of factors. Polyclonal anti-
bodies can be generated more rapidly and at less expense, and
are more stable over a broad pH and salt concentration range.
In contrast, monoclonal antibodies are homogenetic, which
can be useful for detection of changes in phosphorylation sta-
tus. However, small changes in the structure of the epitope can
affect the effectiveness of monoclonal antibodies [34].

For measurement of connexins via immunoblotting, it is
strongly recommended to use 10 cm diameter cell culture
dishes with hepatocytes plated at a density of 0.57 x 10° cells/
cm? (i.e., a total of 4.4 x 10¢ hepatocytes) in order to obtain suf-
ficient amounts of total cellular protein. 70-100 pL of lysis buf-
fer is recommended for a total amount of 4.4 x 10° hepatocytes.
It is advised to start with a lower volume of the lysis buffer and
to observe the color of cell homogenate upon resuspending the
cell pellet. Extremes, such as transparency or brownish color of
the cell lysate, indicating too high or too low dilution respec-
tively, should be avoided. For liver tissue, 10 pL lysis buffer per
mg should be sufficient.

Keeping the cells on ice will prevent protein degradation by
heat produced from sonication.

Shaking on a rotator is not strictly necessary, but it increases
the yield of the protein extraction.
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Dilution of protein extracts for quantification with the BCA
assay needs to be optimized. When adding 10 pL lysis buftfer per
mg tissue or when using 100 pL lysis buffer for a total amount
of 4.4 x 10 hepatocytes cultured in 10 cm diameter cell culture
dishes, a 1,/20 or 1,/40 dilution is usually sufficient.

Appropriate results have been obtained with PROTEAN® TGX
Stain-Free™ Precast gels (Bio-Rad, USA) for the detection of
connexin proteins. These gels are based on a novel modification
of the Laemmli system (i.e., Tris, glycerol, and SDS), which
increases gel matrix stability, allows the use of Tris-glycerol-
SDS running buffer, and offers rapid UV detection of connexin
proteins using a stain-free imaging system, such as ChemiDoc™
MP. Moreover, an optimal resolution of connexins is obtained
in the 10-100 kDa molecular weight range. The Laemmli sys-
tem operates at pH 9.5, which can cause deamination and alkyl-
ation of proteins. Therefore, the Bis-Tris gel system can be a
suitable alternative, as this system has a lower pH of 7.0. The
Bis-Tris system ensures increased protein stability, decreased
protein modifications, and a faster running time [35].

Depending on the connexin of interest, a different polyacryl-
amide percentage is considered during gel preparation, in par-
ticular 10 % gel for Cx43, 12 % gel for Cx32 and Cx26 (Table 2).
It is recommended to add TEMED and APS solution as final
ingredients, as they initiate gel formation instantly.

The total amount of protein loaded onto the gel must be opti-
mized. It is dictated by cellular abundance of the protein of inter-
est as well as reactivity of the primary antibody used. Overall, the
scarcer the protein and/or the lower affinity of the antisera, the
higher the amount of total cellular proteins that should be loaded
in order to avoid false negatives. It is reccommended to start with
50 pg total cellular proteins per lane and to include a positive
(eg., transfected cell line) and a negative (¢4., tissue from con-
nexin-deficient animals) control. Exceeding this amount should
be avoided, as this will result in gel overloading and creation of
protein “smudges” instead of bands.

When using PROTEAN® TGX Stain-Free™ Precast Gels (Bio-
Rad, USA), gently remove the combs and the green tape from
the gel cassette before use.

Make sure that the running buffer between the cassettes and in
the electrophoresis tank does not make contact with each
other, as this may interfere with the voltage potential.

It can be useful to add a negative control between the weight
marker and the first sample, as there might be some interfer-
ence. It is critical to fill all the wells of the gel. If not, this could
lead to so-called smiling of the pattern.
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The running time should be optimized and will depend on the
molecular weight of the connexin under investigation. The
goal is to spread as much as possible the molecular weight area
where the protein of interest is located.

The traditional wet blotting method requires water, which
helps to prevent the generation of oxygen from the copper
anode resulting in a more consistent protein transfer without
causing band distortion. The alternative semi-dry blotting uses
high-field strength and currents to reduce the transfer time of
proteins from gels onto membranes within 7 min [28].

When using PROTEAN® TGX Stain-Free™ Precast Gels (Bio-
Rad, USA), carefully open the cassette using a spatula and
check the loading of the gel by UV detection with ChemiDoc™
MP using the stain-free activation. The latter allows total pro-
tein staining which can serve as superior alternative for loading
control with housekeeping proteins [36].

Transfer of connexin proteins can be efficiently performed by
using the Trans-Blot® Turbo™ Transfer System (Bio-Rad,
USA), which allows rapid and efficient transfer, and the Trans-
Blot® Turbo™ Mini Nitrocellulose Transfer Pack (Bio-Rad,
USA), which contains an appropriate buffer, membrane, and
filter paper. High molecular weight proteins (i.e., 200-250 kDa)
can sometimes remain on the gel because of the rapid transfer.
This usually poses no problem for the detection of connexin
proteins, as their molecular weight ranges from 26 to 60 kDa.
Transfer time of connexins depends on the molecular weight of
the protein to be analyzed. As a rule of thumb, the higher the
molecular weight, the higher the voltage and the longer the
running time. It is also critical to reduce the production of heat
during immunoblotting, as this may harm the integrity of the
proteins. This can be done by adding a cooling element.

Not only transfer efficacy can be tested with Ponceau S. Indeed,
it also has shown to be a good loading control even superior to
housekeeping proteins [36].

A plethora of companies have primary connexin antibodies avail-
able, including Sigma, Abcam, Thermo Scientific, Santa Cruz,
EMD Millipore, Genetex, ProteinTech, Alomone, Biocompare,
Life Technologies, and Merck Millipore.

Concentrations of both primary and secondary antibody solu-
tions should be optimized for each connexin of interest. It is
recommended to test different concentrations of the primary
antibody and keep the concentration of the secondary anti-
body low to avoid nonspecific binding. Other possibilities to
be included during optimization are incubation for 1 h at
37 °C or 2 h at room temperature.
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Most commonly used are secondary antibodies linked to horse-
radish peroxidase, an enzyme which catalyzes the oxidation of
luminol, producing light [ 37]. However, other detection meth-
ods are also available, such as the use of a fluorochrome or a
colorimetric substrate [38]. Detection via fluorescence is per-
formed if high sensitivity is required, typically when there are
two different targets on one blot. Dyes like fluorescein and
rhodamine are often used, but have numerous limitations,
including relatively low fluorescence intensity and tendency to
photobleach. Colorimetry is simple and the most cost-effective
method of detection. Commonly used substrates include
5-bromo-4-chloro-3-indolylphosphate-p-toluidine ~ salt and
nitro-blue tetrazolium chloride [39].

Inefficient washing was shown to be the primary reason for
high background in western blots. Lowering the non-ionic
detergent (i.e., Tween 20) concentration in antisera dilution
buffer (i.e., 0.02-0.005 %) and rising the concentration of the
detergent in the wash buffer (i.e., 0.5%) could improve the
results [40].

The exposure time of the membrane to the film must be exper-
imentally optimized. It is important that several exposures are
produced to ensure that the response is within a linear range of
the photographic film. One should aim at obtaining the sharpest
bands possible that still have a greyish appearance. This is one
of the advantages of the ChemiDoc™ MP (Bio-Rad, USA),
which allows detection of overexposed bands.

Cx43 is the only connexin protein for which posttranslational
phosphorylation can be detected in western blotting using
anti-Cx43 primary antibody produced in rabbit (Sigma, USA)
(Fig. 2). Additionally, some connexins undergo partial prote-
olysis during protein extraction, which may lead to detection
at other molecular weight values than suggested by the desig-
nation. The best example is Cx32, for which ¢cDNA sequenc-
ing predicts a molecular weight of 32 kDa, but that is usually
found at 27 kDa in immunoblot analysis (Fig. 2).

Stripping of the membrane should be avoided as it results in
gradual loss of blotted proteins from the membrane. It is there-
fore advised to directly proceed with re-incubation of the mem-
brane, unless the protein of interest and the loading control
protein have approximately the same molecular weight or when
species-based interference is expected between antisera used for
the detection of the target protein and the loading control. When
using the stain-free loading control, stripping of the membrane is
not necessary since no housekeeping genes are used.

It is advisable to proceed with re-incubation of the membrane
with an antibody directed against a typical housekeeping protein,
such as glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
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Fig. 2 Detection of Cx26, Cx32, and Cx43 in cultured primary rat hepatocytes and mouse liver tissue by means
of western blotting. (@) Cx26 detected in primary rat hepatocytes using 12 % polyacrylamide gel, 1/250 anti-
Cx26 polyclonal antibody produced in rabbit (Thermo Scientific, USA), 1/2500 polyclonal goat anti-rabbit immu-
noglobulins/horseradish peroxidase (Dako, Denmark), nitrocellulose membrane, and Pierce™ ECL western
blotting substrate (Thermo Scientific, USA). (b) Cx32 detected in primary rat hepatocytes using Mini-PROTEAN®
TGX 12% Stain-Free™ Precast gels (Bio-Rad, USA), 1/1000 anti-Cx32 polyclonal antibody produced in rabbit
(Sigma, USA), 1/1000 polyclonal goat anti-rabbit immunoglobulins/horseradish peroxidase (Dako, Denmark),
nitrocellulose membrane, and Pierce™ ECL western blotting substrate (Thermo Scientific, USA). (¢) Three forms
of Cx43 detected in primary rat hepatocytes, using Mini-PROTEAN® TGX 10 % Stain-Free™ Precast gels
(Bio-Rad, USA), 1/1000 anti-Cx43 polyclonal antibody produced in rabbit (Sigma, USA), 1/1000 polyclonal goat
anti-rabbit immunoglobulins/horseradish peroxidase (Dako, Denmark), nitrocellulose membrane, and Pierce™
ECL western blotting substrate (Thermo Scientific, USA). (d) Cx26 detected in mouse liver tissue using 12 %
polyacrylamide gel, 1/1000 anti-Cx26 polyclonal antibody produced in rabbit (Thermo Scientific, USA), 1/1000
polyclonal goat anti-rabbit immunoglobulins/horseradish peroxidase (Dako, Denmark), nitrocellulose mem-
brane, and Pierce™ ECL western blotting substrate (Thermo Scientific, USA) [46]. (e) Cx32 detected in mouse
liver tissue, using Mini-PROTEAN® TGX 12 % Stain-Free™ Precast gels (Bio-Rad, USA), 1/1000 anti-Cx32 poly-
clonal antibody produced in rabbit (Sigma, USA), 1/1000 polyclonal goat anti-rabbit immunoglobulins/horserad-
ish peroxidase (Dako, Denmark), nitrocellulose membrane, and Pierce™ ECL western blotting substrate (Thermo
Scientific, USA). (f) 3 forms of Cx43 detected in mouse liver tissue, using Mini-PROTEAN® TGX 10% Stain-
Free™ Precast gels (Bio-Rad, USA), 1/1000 anti-Cx43 polyclonal antibody produced in rabbit (Sigma, USA),
1/1000 polyclonal goat anti-rabbit immunoglobulins/horseradish peroxidase (Dako, Denmark), nitrocellulose
membrane, and Pierce™ ECL western blotting substrate (Thermo Scientific, USA) (NP, non-phosphorylated
Cx43 variant; P1, P1 phosphorylated Cx43 variant; P2, P2 phosphorylated Cx43 variant)

f-actin, or a-tubulin (Table 3), which serves as a loading control.
Housekeeping proteins should show constant protein expression
patterns between different tissue types. It is required to check if
all lanes in the gel were evenly loaded with sample, especially
when a comparison must be made between the expression levels
of a protein in different samples. Detection of housekeeping pro-



Table 3

Western Blot Analysis of Hepatic Connexins 51

Most commonly used loading controls

Molecular
weight
Loading control Sample type (kDa) Remarks
Beta actin Whole cell/ 43 Not suitable for skeletal muscle samples. Changes
cytoplasmic in cell growth conditions and interactions with

GAPDH

Tubulin

extracellular matrix components may alter actin
protein synthesis [41 ]

37 Some physiological factors, such as hypoxia and
diabetes, increase GAPDH expression in
certain cell types [42, 43 ]

55 Tubulin expression may vary according to
resistance to antimicrobial and antimitotic
drugs [44, 45]

VDACI /Porin Mitochondrial 31

COXIV
Lamin B1 Nuclear

TBP

16

66 Not suitable for samples devoid of nuclear
envelope

38 Not suitable for samples devoid of DNA

COXIYV cytochrome ¢ oxidase subunit IV, GAPDH glyceraldehyde 3-phosphate dehydrogenase, TBP TATA binding
protein, VDAC voltage-dependent anion channel

33.

34.

teins is also useful to check for equal transfer from the gel to the
membrane across the whole gel. The loading control bands can
be used to quantify the protein amounts in each lane by means of
densitometry.

From a statistical point of view, it is strongly recommended to
include at least three biological and three technical repeats.
With exposures captured on photographic film, one can utilize
densitometric methods to measure relative quantities of a tar-
get protein as well as loading control protein and subsequently
compare to a control (eg., specific time point or untreated
sample). Bio-Rad Quantity One and Image Lab™ Software
(Bio-Rad, USA) are available for image analysis of bands on
photographic film and PROTEAN® TGX Stain-Free™ Precast
Gels (Bio-Rad, USA) respectively.

Results can be processed and evaluated by 1-way analysis of
variance followed by post hoc Bonferroni tests for testing of
three or more groups. When comparing only two groups, a
t-test is sufficient.


http://www.abcam.com/index.html?c=588
http://www.abcam.com/index.html?c=587
http://www.abcam.com/index.html?c=589
http://www.abcam.com/index.html?t=4972&pt=1&c=3371
http://www.abcam.com/index.html?c=3372
http://www.abcam.com/index.html?c=3561
http://www.abcam.com/index.html?c=3372
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Chapter 4

Immunohisto- and Cytochemistry Analysis of Connexins

Bruno Cogliati, Michaél Maes, Isabel Veloso Alves Pereira,
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and Mathieu Vinken

Abstract

Immunohistochemistry (IHC) is a ubiquitous used technique to identify and analyze protein expres-
sion in the context of tissue and cell morphology. In the connexin research field, IHC is applied to
identify the subcellular location of connexin proteins, as this can be directly linked to their functional-
ity. The present chapter describes a protocol for fluorescent IHC to detect connexin proteins in tissues
slices and cells, with slight modifications depending on the nature of biological sample, histological
processing, and/or protein expression level. Basically, fluorescent THC is a short, simple, and cost-
effective technique, which allows the visualization of proteins based on fluorescent-labeled antibody—
antigen recognition.

Key words Connexins, Antibody, Immunohistochemistry, Immunofluorescence, Immunocytochemistry,
Microscopy, Morphology, Fluorophores, Localization

1 Introduction

Immunohistochemistry (IHC), or immunocytochemistry (ICC), is
a commonly used technique to monitor protein expression and
localization in tissue or in vitro cultures, respectively, using bright-
field or fluorescent microscopy. Direct or indirect immunofluores-
cenceisapowerful [IHC-based technique thatusesfluorescent-labeled
antibodies to visualize protein expression while maintaining the
composition, cellular characteristics, and structure of native tissue
(Fig. 1) [1, 2]. Coon and colleagues were the first to describe the
direct immunofluorescence technique using an antibody attached
to a fluorescent dye, fluorescein isocyanate, to localize its respec-
tive antigen in a frozen tissue section [ 3, 4]. Subsequently, immu-
nochemical methods based on peroxidase-labeled antibodies were
introduced, allowing the development of new IHC, such as forma-
lin-fixed paraffin-embedded (FFPE) tissues [5-9]. Currently, the
use of antibodies to detect and localize individual or multiple

Mathieu Vinken and Scott R. Johnstone (eds.), Gap Junction Protocols, Methods in Molecular Biology, vol. 1437,
DOI 10.1007/978-1-4939-3664-9_4, © Springer Science+Business Media New York 2016

55



56 Bruno Cogliati et al.
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Fig. 1 Direct and indirect immunofiuorescence methods. (@) Direct immunofluorescence method uses fluorophore-
labeled primary antibody to bind directly to the connexin protein. This technique is rapid and quite specific.
However, usually demands higher concentration of primary antibody and there are few options of antibodies
conjugated directly to a fluorophore. (b) Indirect immunofluorescence method, or sandwich method, is a 2-step
technique that uses an unlabeled primary antibody to bind the connexin protein, after which a fluorophore-
labeled secondary antibody is used to detect the connexin antibody. This technique is more sensitive because
more than one secondary antibody can bind to each primary antibody, which amplifies the fluorescence signal;
however, this procedure has higher potential for cross-reactivity and immunostaining background, is more
complicated and time consuming when compared to direct immunofluorescence

proteins in situ has developed into a powerful research tool in
almost every field of biomedical research [10].

Gap junctions (GJs) are grouped in plaques at the plasma mem-
brane surface of two adjacent cells and are composed of two juxta-
posed connexons or hemichannels, each built up by six proteins
named connexins [11]. At present, more than 20 connexin isotypes
have been identified, which are expressed in a cell-specific way. Gap
junction intercellular communication (GJIC) allows the direct flux
of small and hydrophilic molecules, i.¢., cyclic adenosine monophos-
phate (cAMP), inositol triphosphate (IP3), and ions, through GJs
channels [12-15]. GJs are dynamic and the half-life cycle of con-
nexins is short (<5 h) [16]. Connexins are biosynthesized on endo-
plasmic reticulum membranes and delivery happens to the plasma
membrane as oligomerized hexameric hemichannels (connexons)
[17]. Regulation of connexin synthesis can occur on transcriptional,
translational, and posttranslational levels, resulting in a downregula-
tion or lack of connexin expression and GJIC. In disease, connexin
proteins can be abnormally localized within the cytoplasm.
The exact mechanisms are still unknown, but impaired trafficking of
the connexins to the membrane and increased internalization and
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degradation of connexons have been suggested [ 18-20]. It is known
that alterations in the expression pattern and location of connexins
are associated with potential oncogenesis and other chronic disor-
ders, i.e., in liver and cardiac diseases [21-26]. In this regard, detec-
tion of aberrant subcellular location of connexin proteins is quite
important to understand its role in pathological conditions.

In this chapter, fluorescent IHC-based protocols optimized to
detect connexin proteins in cells or tissues slices will be outlined.
Depending on the nature of biological sample, histological pro-
cessing and/or protein expression level slight modifications are
defined. The first step comprehends the adequate handling and
fixation of cells or tissue specimens. The objective is to preserve
tissue morphology and retain the antigenicity of the target pro-
teins. To avoid loss during the procedure, cells or tissue sections
should be placed on adhesive coating slides [1, 2]. For FFPE sam-
ples, tissue slides are deparaffinized with xylene and rehydrated in
a series of ethanol solutions with decreasing concentrations.
Afterward, the slides are subjected to heat-induced antigen retrieval
(HIAR) in Tris—=EDTA buffer (pH 9.0) or alternative method to
reveal epitopes masked during the sample processing [27]. The
background immunostaining caused by nonspecific antibody bind-
ing to endogenous Fc receptors or a combination of ionic and
hydrophobic interactions should be blocked by bovine serum albu-
min (BSA), nonfat dry milk, gelatin, glycine, or normal serum
from the species that the secondary antibody was raised in [28].
Incubation of monoclonal or polyclonal primary antibody is done
for short (30-60 min, at 37 °C) or long time (overnight, at 4 °C)
[1, 2]. Subsequently, the detection of connexins is performed
using fluorescent-labeled secondary antibodies. This technique
takes advantage of light emission with different spectral peaks
against a dark background, with several options of fluorophores
with different wavelengths of light emission (Table 1). The signal can
be amplified by a tyramide signal amplification (TSA) method [28].

List of most common dyes for immunofluorescence with their excitation and emission wavelength peaks

Color Label (s) Excitation (nm) Emission (nm)
Blue DAPI 365/50 450/65
Green FITC; GFP; Alexa Fluor® 488 475 /40 535/45
Yellow TRITC; Alexa Fluor® 555, 546, 568; Cy3 546,/12 585,/40
Red Alexa Fluor® 594; Propidium iodide; eFluor®  560/55 645/75

615; Texas Red
Near infrared eFluor® 660; Alexa Fluor® 647; Cy5 620,/60 700/75

Infrared

IRDye 800 787 812
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Fig. 2 Detection of connexins (Cx) in frozen and paraffin-embedded tissue sections. (a) Immunodetection of
Cx32 in frozen sections of human liver tissue fixed in ice cold acetone, using 1/500 anti-Cx32 polyclonal anti-
body produced in rabbit (Sigma-Aldrich, USA), 1/200 Alexa Fluor® 488-conjugated secondary antibody poly-
clonal goat anti-rabbit IgG (H+L) (Life Technologies, USA), and 1/1000 DAPI (Life Technologies, USA) for
nuclear counter stain (200x). (b) Cx43 detected in paraffin-embedded sections of mouse heart fixed in metha-
carn solution, using 1/500 anti-Cx43 polyclonal antibody produced in rabbit (Sigma-Aldrich, USA), 1/200 Alexa
Fluor® 488-conjugated secondary antibody polyclonal goat anti-rabbit IgG (H+L) (Life Technologies, USA) and
1/1000 propidium iodide (Sigma-Aldrich, USA) for nuclear counter stain (400x). (¢, d) Cx43 detected in paraf-
fin-embedded sections of mouse skin epidermis and hair bulb using the tyramide signal amplification (TSA)
method with 1/1000 anti-Cx43, polyclonal antibody produced in rabbit (Sigma-Aldrich, USA), 1/500 polyclonal
goat anti-rabbit Immunoglobulins/HRP (Dako Cytomatic, USA), 1/100 tyramide working solution and 1/1000
propidium iodide (Sigma-Aldrich, USA) for nuclear counter stain (400x)

Finally, the slides are incubated with a DNA-fluorescent marker
for the nuclei counterstain, mounted on antifade media to avoid
photobleaching and then visualized under a fluorescent micro-
scope with the appropriate filters (Fig. 2).

2 Materials

2.1 Frozen Tissue 1. Optimal cutting temperature (OCT)-embedding medium
Sections (Leica Biosystems, Germany).

2. Cryomolds.
3. Liquid nitrogen.
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. Isopentane.

. Cryostat.

. Disposable blades and brushes.

. Microscope adhesive glass slides (25 x75 mm) (see Note 1).

. Acetone, histological grade.

. Methacarn  solution. Methanol:chloroform:glacial acetic

(60:30:10 v/v). This solution can be stored for 3 months at 4 °C.

. 10% neutral buftered Formalin: 4 g NaH,PO,, 6.5 g Na,HPO,,

100 mL formaldehyde 37-40% (w/v) (see Note 2), 900 mL
distilled water. Mix and adjust for pH 6.8. This solution can be
stored at room temperature.

. Xylene, histological grade (see Note 3).

4. Xylene: 100% Ethanol (1:1, v/v).

NeRNc BN BeN
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. Ethanol, anhydrous denatured, histological grade (70, 95 and

100% EtOH). Prepare the EtOH solutions in distillated
water (v/V).

. Fume hood.

. Microtome, blades, and thermostatic water bath.
. Microscope adhesive glass slides (25 x75 mm).

. Oven (55-65 °C).

10.

Tris-ethylenediaminetetraacetic acid (EDTA) buffer: 10 mM Tris
Base, 1 mM EDTA Solution, 0.05% Tween® 20 in ultrapure
water. Adjust to pH 9.0. This solution can be stored at room
temperature for 3 months or at 4 °C for longer storage.

Electronic pressure cook (see Note 4).

. Cell line or primary cells.

. Cell culture medium and supplements.

. Thermostatic water bath (37 °C).

. Laminar flow cabinet.

. CO, humidified incubator (37 °C+1 °C, 90 %+ 5% humidity,

5%+1% CO,).

. Tissue culture plates (6-, 12-, or 24-well plates) or chamber

culture slides (see Note 5).

. Sterile glass coverslips (see Note 6).

. Acetone, histological grade.

. Vessels with slide rack and plastic slide holders.
. Humidified chamber (se¢ Note 7).
. Shaker.

. Refrigerator or refrigerated incubator (2-8 °C).
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2.5 Tyramide Signal
Amplification (TSA)

5.

11.

12.

13.
14.
15.

Wash buffer: 10x Phosphate-buffered saline (PBS) with
Tween® 20. 70 mM Na,HPO,, 30 mM NaH,PO,, 1.37 M
NaCl, 0.5% Tween® 20 in distilled water (se¢e Note 8). Adjust
to pH 7.2-7.4 (see Note 9). To prepare 1 L of 1x PBS: add
100 mL of 10x PBS with Tween® 20-900 mL of distilled
water. Mix and adjust pH if necessary. This solution can be
stored up to 6 months at room temperature.

. Blocking bufter: 5% (m/v) nonfat dry milk powder in 1x PBS

(see Note 10). Prepare ex tempore.

. Buffer for antibody dilution: 1% BSA (Sigma-Aldrich, USA) and

0.1% Sodium Azide diluted in 1x PBS without Tween® 20. This
solution can be stored for 3 months at 4 °C (see Note 11).

. Appropriate monoclonal or polyclonal primary antibodies

(see Note 12).

. Isotype IgG or preimmune sera (see Note 13).
10.

Alexa Fluor® 488 goat anti-mouse or Alexa Fluor® 594 goat
anti-rabbit as appropriate secondary antibody (Life Technologies,
USA). Other labels can also be used (i.e., FITC or Texas Red)
(Table 1).

Nuclear dyes: propidium iodide (PI) (Sigma-Aldrich, USA)
diluted in 1x PBS without Tween® 20 (1 pg/mL) or
4’ 6-diamidino-2-phenylindole (DAPI) (Life Technologies,
USA) diluted in 1x PBS without Tween® 20 (10 pg/mL).

Aqueous antifading mounting medium (Vector Laboratories,

USA).
Glass coverslips.
Nail polish.

Fluorescence microscope with the appropriated filters (Table 1).

. TSA Fluorescein Kit (Perkin Elmer, USA).

2. Blocking buffer: 0.1 M Tris-HCI (pH 7.5), 0.15 M NaCl, 0.5%

Blocking Reagent. Prepare according to the manufacturer’s
recommendations (Perkin Elmer, USA).

. Fluorophore tyramide stock and working solution. Prepare

according to the manufacturer’s recommendations (Perkin
Elmer, USA).

. Polyclonal Goat Anti-Rabbit or Mouse Immunoglobulins/

Horseradish peroxidase (HRP) (Dako Cytomatic, USA).

3 Methods

3.1 Fluorescent IHC
in Frozen Tissue
Sections

. Snap freeze fresh tissue in liquid nitrogen or isopentane

precooled in liquid nitrogen (see Note 14). Store flash frozen
tissue at —-80 °C.



3.2 Fluorescent IHG
in Paraffin-Embedded
Tissue Sections
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12.
13.
14.
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1.

Immunofluorescence of Connexins 61

. Embed flash-frozen tissue in OCT compound in cryomolds.

This can be stored at -80 °C.

. Cut 5-10 pm thick sections in the cryostat and mount on

microscope adhesive glass slides (see Note 15).

. Store slides at -80 °C for long-term storage or at —20 °C for

few weeks. For best results, use them immediately.

. Before staining, fix the slides in ice cold acetone for 10-20 min

at =20 °C (see Note 16).

. Wash slides three times for 5 min with wash buffer on a shaker.

. Incubate slides with monoclonal or polyclonal primary antibody

diluted in antibody dilution bufter for 1 h at 37 °C in a humid-
ified chamber (see Note 17). Use the appropriate negative and
positive controls (see Note 18).

. Wash slides three times for 5 min with wash buffer on a shaker.

. Incubate slides with a secondary antibody Alexa Fluor® 488

goat anti-mouse or Alexa Fluor® 594 goat anti-rabbit, diluted in
antibody dilution buffer (10 pg/mL), for 1 h at room tempera-
ture in a humidified chamber. From this point, the procedures
should be done in the dark to avoid photobleaching.

Wash three times for 5 min with wash buffer on a shaker.

Perform the nuclear counter stain with PI for 15 min or with
DAPI for 5 min at room temperature (se¢ Note 19).

Wash three times for 5 min with wash buffer on a shaker.
Mount coverslip with a drop of antifading mounting medium.
Seal coverslip with nail polish (se¢ Note 20).

Store in dark at 4 °C.

Cut the tissue specimens in small fragments (se¢ Note 21) and
immerse in methacarn fixative solution for 12 h (se¢ Note 22)
or in 10 % neutral buffered formalin for 18-24 h (see Note 23).

. Embedded fixed samples in paraffin wax (Table 2).

. Cut 3-5 pm tick sections using a rotary microtome and float

the sections in 40—45 °C thermostatic water bath.

. Place the sections on microscope adhesive glass slides within

the water bath and remove the water excess.

. Dry slices in an incubator at 56-60 °C for 2 h (see Note 24).

6. Store slides at 4 °C for short period and at =20 °C or -80 °C

for long-term usage (see Note 25).

. Before proceeding with the staining protocol, the slides should

be deparaffined in xylene (se¢ Note 26) and rehydrated in
cthanol (Table 3).

. Place slides in plastic slide holders and fill with Tris—sEDTA

buffer.
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Table 2
Tissue processing for paraffin wax embedding

Solution Incubation/time

70% Ethanol Two changes?, 1 h each
80% Ethanol One change, 1 h

95 % Ethanol One change, 1 h

100% Ethanol Three changes®, 1.5 h each
Xylene Three changes?, 1.5 h each
Paraffin wax (58-60 °C) Two changes®, 2 h each

*Use different solutions for each change

Table 3
Deparaffin and rehydration processing of paraffin-embedded sections

Solution Incubation/time

Xylene Two changes?®, 30 min each
Xylene:100% Etanol (1:1) One change, 30 min

100% Ethanol Two changes?, 5 min each
95 % Etanol One change, 5 min

70% Etanol One change, 5 min
Running tap water to rinse 10 min

Distillated water on a shaker 10 min

*Use different solutions for each change

10.

11.

12.
13.
14.

15.

. Place holders in an electric pressure cooker and add at least 1.5 L

of distillate water to pressure cooker chamber.

Set target temperature and heating time according to the
manufacturer’s instructions, normally boil for 30 s to 5 min
and allow the pressure cooker to cool for 20 min prior to
opening (see Note 27).

Immediately after, rinse the slides in running tap water for
10 min

Wash slides in distillate water for 10 min on a shaker.
Place slides in wash buffer for 5 min on a shaker.

If the signal of a specific connexin needs to be amplified, perform
Tyramide signal amplification (se¢ Note 28).

Incubate slides with primary antibody diluted in antibody
dilution buffer (see Note 17) overnight at 4 °C in a humidified
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chamber (see Note 29). Use the appropriate negative and
positive controls (see Note 18).

Wash slides three times for 5 min with wash buffer on a shaker.

Incubate slides with a secondary antibody Alexa Fluor® 488 goat
anti-mouse or Alexa Fluor® 594 goat anti-rabbit (10 pg/mL),
diluted in antibody dilution buffer, for 1 h at room temperature
in a humidified chamber. From this point, the procedures should
be done in the dark to avoid photobleaching.

Wash slides three times for 5 min with wash buffer on a shaker.

Perform the nuclear counter stain with PI for 15 min or with
DAPI for 5 min at room temperature (se¢ Note 19).

Wash slides three times for 5 min with wash buffer on a shaker.
Mount coverslip with a drop of antifading mounting medium.
Seal coverslip with nail polish (se¢ Note 20).

Store in dark at 4 °C.

. Grow cultured cells on sterile glass coverslips or alternatively

culture cells in 1 to 8-chamber glass slides (see Note 30).

. Aspirate the supernatant from each chamber/well and rinse

the cells three times for 5 min with ice cold wash buffer on a
shaker.

. Fix cells using ice cold acetone for 10 min at -20 °C. When

removing acetone make sure the cells are not allowed to dry
out (see Note 31).

4. Wash cells three times for 5 min with wash buffer.

10.
11.

12.

. Incubate cells with 5% skim milk diluted in PBS for 30 min at

room temperature.

. Wash cells three times for 5 min with wash buffer.

. Incubate cells with primary antibody diluted in antibody

dilution buftfer for 1 h at 37 °C or overnight at 4 °C in a
humidified chamber (see Note 17). Use the appropriate neg-
ative and positive controls (se¢ Note 18).

. Wash three times for 5 min with wash buffer on a shaker.

. Incubate slides with a secondary antibody Alexa Fluor® 488 goat

anti-mouse or Alexa Fluor® 594 goat anti-rabbit (10 pg/mL),
diluted in antibody dilution buffer, for 1 h at room temperature
in a humidified chamber. From this point, the procedures should
be done in the dark to avoid photobleaching.

Wash three times for 5 min with wash buffer on a shaker.

Perform the nuclear counter stain with PI for 15 min or with
DAPI for 5 min at room temperature (sec Note 19).

Wash slides three times for 5 min with wash buffer on a shaker.
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13.

14.
15.

3.4 Tyramide Signal 1.

Amplification (TSA)
Method

11.
12.
13.
14.

Mount coverslip with a drop of antifading mounting medium
on a microscope glass.

Seal coverslip with nail polish (see Note 20).
Store in dark at 4 °C.

Quench endogenous peroxidase activity by incubating slides
in 6% H,0O, in 1x PBS for 30 min in dark (se¢ Note 32).

2. Wash slides three times for 5 min with wash buffer on a shaker.
. Block slides for 30 min in blocking bufter at room temperature.

. Incubate slides with primary antibody diluted in blocking buffer

overnight at 4 °C in a humidified chamber (see Note 17). Use
the appropriate negative and positive controls (see Note 18).

. Wash slides three times for 5 min with wash buffer on a shaker.

. Incubate slides with a polyclonal goat anti-rabbit or mouse

immunoglobulins/HRP, diluted in blocking buffer (1:500)
for 30 min at room temperature.

. Wash slides three times for 5 min with wash buffer on a shaker.

. Incubate in tyramide working solution (1:100) for 10 min at

room temperature. From this point, the procedures should be
done in the dark to avoid photobleaching.

. Wash slides three times for 5 min with wash buffer on a shaker.
10.

Perform the nuclear counter stain with PI for 15 min or with
DAPI for 5 min at room temperature (se¢ Note 19).

Wash slides three times for 5 min with wash buffer on a shaker.
Mount coverslip with a drop of antifading mounting medium.
Seal coverslip with nail polish (se¢ Note 20).

Store in dark at 4 °C.

4 Notes

. Use of an adhesive coating, such as poly-l-lysine, charging, or

silanization, can improve the tissue adherence and reduce dam-
ages in fragile tissues (i.e., dermis skin layer or adipose tissue)
or to avoid tissue loss during the immunostaining procedure.
This is strongly recommended when enzymatic or heat-
induced antigen retrieval methods are applied in frozen or
paraffin-embedded tissue slides [1, 2].

. Formalin is formaldehyde gas dissolved in water and reaches

saturation at 37-40% formaldehyde (this solution is consid-
ered as 100 % formalin). In this context, 10 % formalin actually
represents 10 % of'a 37—-40 % stock solution; this means that the
actual amount of dissolved formaldehyde in the 10 % formalin
is therefore only 3.7—4.0%. As formaldehyde is a severe eye and
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skin irritant with known carcinogenic and corrosive potential,
always work in well-ventilated area and wear goggles, gloves,
and lab coat [28, 29].

. Xylene is an aromatic hydrocarbon and is potentially danger-

ous due to its volatility and inflammability capacities. Acute
and chronic exposure to xylene is associated with nonspecific
clinical signals related to the central nervous system. It must be
used in a fume hood to avoid occupational hazard [30].

. Heat-induced antigen retrieval by microwave radiation may

lead to inconsistent IHC results. Because pressure cookers or
vegetable steamers induce uniform and gentle heat, they are
currently used in most laboratories.

. Choice of slide design is often dictated by the experiment.

Some slides have four wells, others have eight some are from
glass, and others are from plastic. Glass is recommended as the
slide becomes more versatile, acetone can be used as a fixative
and slides can be dehydrated in ethanol and cleared in xylene.
However, some cell types need a plastic surface to grow with a
good cell confluence, i.e., rat primary hepatocytes.

. 12 mm circular glass coverslips fit in 24-well plates. These cov-

erslips may be autoclaved in a petri dish. Most cells adhere well
to glass. Cells that do not adhere may require treatment of the
glass with an adhesive coating, such as poly-l-lysine, silane, or
other attachment factor.

. The humidified chamber can be either the incubator itself or a

container with wet paper towels. This procedure is important
to prevent evaporation and drying of the tissue sections during
the incubation time as this may cause nonspecific antibody
binding and therefore high background staining.

. The use of Tween® 20 in the wash buffer helps to reduce sur-

face tension, allowing reagents to cover the whole tissue sec-
tion with ease. It is also believed to dissolve Fc receptors,
therefore reducing nonspecific binding.

. Do not adjust pH using concentrated HCI or NaOH. If neces-

sary, use a separate 0.2 M solution of either the monobasic or
dibasic sodium phosphate (depending on how you need to
adjust the pH) and add accordingly.

When preparing blocking buffer, make sure that all milk pow-
der is dissolved by stirring the solution for about 20 min. It
may be necessary to heat the solution slightly to fully dissolve
nonfat dry milk. This solution can be used up to 5 days when
stored at 4 °C. Itis recommended to mix before use. Alternative
block solutions are 1% gelatin or 10% serum from the species
from which the secondary antibody was raised in.

Do not use this buffer to dilute HRP conjugated antibody as
the sodium azide is inhibitor of HRP.
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12.

13.

14.

15.

16.

17.

18.

Monoclonal antibodies have high affinity and specificity to a
single epitope, which can be directly affected by structural
changes in the proteins during the fixation and histological
processing. On the other hand, polyclonal antibodies are more
stable and can recognize multiple epitopes; this last one repre-
sents the main reason why this kind of antibody is more fre-
quently used for IHC. However, polyclonal antibodies can
induce higher background immunostaining and nonspecific
bindings should be efficiently blocked [1, 2, 27].

The isotype IgG control should be applied when working with
monoclonal primary antibodies as a negative control test. The
slides are incubated with a nonimmune immunoglobulin of the
same isotype and concentration as the primary monoclonal anti-
body. For polyclonal antibodies, the slides should be incubated
with preimmune sera. In addition, cells and tissue from geneti-
cally engineered animals, as well as siRNA, with PCR confirma-
tion, can be used as positive and negative controls [31].

Snap freezing is the process by which samples reach ultralow
temperatures very rapidly using nitrogen liquid or isopentane
cooled in nitrogen liquid. In contrast to the slow freezing, this
method reduces the ice crystal formation which causes distor-
tion in cell morphology and, consequently, a low-quality cryo-
section. Take serious care using nitrogen liquid and use all
equipments for individual security.

Frozen tissue sections give much better antigen preservation
than paraffin-embedded tissue sections. However, the mor-
phological details and resolution are usually reduced. The tem-
perature in the cryostat must be correct for the specimen being
cut. The microtome and the antiroll plate must be correctly
adjusted and operated. The cutting blade must be sharp [32].

Air-dried frozen tissues are not recommended for THC; it is
better to choose and test different fixative for each kind of pro-
tein [28]. In our experience, tissue slices fixated with acetone
show satisfactory results for connexins immunostaining.

The primary antibody should be diluted to the manufacturer’s
recommendations or to a previously optimized dilution. A
plethora of companies have primary connexin antibodies avail-
able, including Sigma Aldrich, Abcam, Thermo Fischer, Santa
Cruz, EMD Millipore, Genetex, ProteinTech, Alomone,
Biocompare, Life Technologies, and Merck Millipore. It is rec-
ommended to test different concentrations of the primary
antibody and keep the concentration of the secondary antibody
low to avoid nonspecific binding (Fig. 2). Most antibodies will
be used in IHC at a concentration between 0.5 and 10 pg/mL
[1,2,28].

Besides the negative control with isotype IgG or preimmune
sera, it is strongly recommended to include a positive control
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to ensure that the antibody is performing as expected, i.c., liver
and heart cells or tissue for Cx32 and Cx43 immunostaining,
respectively.

Both the excitation and emission wavelengths are specific char-
acteristics for each fluorophore; however, they may show over-
lapping fluorescence emission wavelengths among different
fluorescent labels and nuclear dyes, i.e., Alexa Fluor® 594 is
visually similar in color with the PI nuclear dye (Table 1).

Sealing the coverslips with nail polish prevents drying and
movement under microscopy.

To enhance penetration of the fixative during immersion fixation,
it is recommended that tissues be no thicker than 10 mm.
For complete fixation, the ideal volume of formaldehyde
solution compared to tissue volume should be in the ratio of
1:25 (w/v), with a minimum ratio of 1:10 (w/v) [29].

Methacarn is a non-cross-linking protein-precipitating fixative
that was shown to maintain tissue morphology and usually give
superior immunohistochemical results than aldehyde-based
cross-linking fixatives, because antigenicity is usually main-
tained intact [33]. In our experience, methacarn is the best
option of fixative solution to immunostaining connexins in
paraffin-embedded tissues.

Prolonged fixation in formalin (more than 24 h) results in
gradual loss of the antigenicity, which will require heat-induced
antigen retrieval methods to unmask the epitopes and allow
the antigen—antibody binding. It is very important to optimize
fixation conditions since underfixation or overfixation may
reduce or abolish tissue antigenicity [29].

This also will allow a better slice adherence in the slides and
remove the paraffin excess from the tissue section. Do not
allow higher temperature and time incubation, as this may
reduce or abolish tissue antigenicity.

Storage of unstained tissue sections longer than 2 months can
promote loss of antigenicity by oxidation, protein degradation
by high temperature, or other unknown factors. Then, it is
recommended to use fresh cut sections or storage of the
unstained sections paraffin coated in vacuum-sealed desiccators
and cold temperature (at 4 °C, =20 °C or -80 °C) [10].

Due to the potential for autofluorescence with FFPE tissues,
the first xylene can be used at 56-60 °C for 30 min. Additionally,
the deparaffinized section can be incubated with 1 mmol/L
glycine in 1x PBS for 30 min at room temperature and, after
washes, with 1 mg/mL NaBH, in 1x PBS to further reduce
autofluorescence in FFPE slides [34].

Pretreatment with these solutions may induce a dramatic
enhancement of immunoreactivity. However, they also have
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28.

29.

30.

31.

32.

the potential to affect tissue morphology. The optimal method
of antigen retrieval must be determined experimentally, using
different incubation time, temperatures, and alternative
options of buffer, i.e., citrate buffer (pH 6.0) [27]. Proteolytic
enzymes, i.c., Proteinase K and Trypsin, also can be tested in
FFPE slides. The concentration of enzyme and incubation
time will depend on type of tissue and fixation but is usually
0.05-0.1% for 5-30 min at 37 °C [2].

The TSA method is based on the ability of HRP to catalyze in
the presence of hydrogen peroxide the oxidation of the phenol
moiety of labeled tyramide onto protein surrounding the
HRP. This allows an increase in the detection of an antigenic
site up to 100-fold compared to the conventional indirect
method, with no loss in resolution [1, 2]. In this context, the
TSA detection method is recommended to identify connexins
with low expression levels.

Overnight incubation allows the use of lower titer of antibod-
ies and reduces nonspecific background staining.

Grow the cells at a concentration that will allow the cells to
spread out without growing on top of each other (around
70-80% of confluence).

If the target protein is localized intracellularly, it is very impor-
tant to permeabilize the cells. Acetone or methanol-fixed sam-
ples do not require permeabilization. If cells were fixed in 4%
paraformaldehyde or alternative fixative, permeabilize cells in
acetone or 100% ethanol for 10 min at -20 °C. Alternatively,
use 100 uM Digitonin or 0.5 % Saponin diluted in 1x PBS for
10 min at room temperature. Cell permeabilization with Triton
X-100 is not recommended for membrane-associated antigens
(i.e., connexins) since it destroys membranes.

The blockage of endogenous peroxidase is necessary as the
activation and covalent binding of TSA reagent is catalyzed by
peroxidase. The incubation period can range from 10 to 60
min, depending on the endogenous activity of peroxidase in
each kind of tissue.
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Chapter 5

Small Interfering RNA-Mediated Connexin Gene
Knockdown in Vascular Endothelial and Smooth
Muscle Gells

Miranda E. Good, Daniela Begandt, Leon J. DeLalio, Scott R. Johnstone,
and Brant E. Isakson

Abstract

Global knockout of vascular connexins can result in premature/neonatal death, severe developmental
complications, or compensatory up-regulation of different connexin isoforms. Thus, specific connexin
gene knockdown using RNAi-mediated technologies is a technique that allows investigators to efficiently
monitor silencing effects of single or multiple connexin gene products. The present chapter describes the
transient knockdown of connexins in vitro and ex vivo for cells of the blood vessel wall. In detail, different
transfection methods for primary endothelial cells and ex vivo thoracodorsal arteries are described. Essential
controls for validating transfection efficiency as well as targeted gene knockdown are explained. These
protocols provide researchers with the ability to modify connexin gene expression levels in a multitude of
experimental setups.

Key words Transfection, Lipofection, Electroporation, siRNA, Off-target, Knockdown, Ex vivo
transfection

1 Introduction

RNA interference (RNAI) is a naturally occurring mechanism that
was first described in Caenorbabditis elegans [1, 2]. Since then,
studies about the mechanisms and molecular machinery have been
carried out in a number of model organisms [3, 4]. There are two
main RNAi pathways that differ in the origin of interfering RNA
molecules and the mechanisms of action; however, both mecha-
nisms produce similar outcomes. The basic underlying mechanism
is derived from a host defense mechanism that exists to prevent
foreign RNA viruses from replicating inside the host cells [5]. Host
cells can recognize the viral double-stranded RNA (dsRNA) by
Dicer, a cytoplasmic ribonuclease, which cuts dsRNA into small
interfering RNAs (siRNAs) of 21-25 bp in length to prevent the

Mathieu Vinken and Scott R. Johnstone (eds.), Gap Junction Protocols, Methods in Molecular Biology, vol. 1437,
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translation of viral RNA into protein [ 6-8]. Another mechanism of
RNA interference is the internal regulation of gene expression by
another class of siRNAs, the micro RNAs (miRNAs) with 19-25 bp
in length. miRNAs are encoded in the genome, synthesized in a
multistep process, and cleaved into active forms of RNA by Dicer
[9, 10]. Both types of interfering RNAs (i.¢., siRNA and miRNA)
induce the formation of the RNA-induced silencing complex
(RISC) in the cytoplasm. The RISC complex binds the double-
stranded siRNA/miRNA, unwinds the RNA, and binds the guide
strand, which is complementary to the targeted mRNA. In a sub-
sequent step, the RISC complex binds targeted mRNA, which
leads to the degradation, cleavage, or blocking of mRNA prevent-
ing the translation of mRNA to protein [11-13]. One main differ-
ence between the two different interfering RNAs is that siRNAs
have complete sequence specificity compared to miRNAs and
results in the physical cleavage of the siRNA-targeted mRNA
[14-16].

To induce targeted knockdown of a gene of interest (GOI),
researchers can use the RNAi mechanism by exogenously applying
interfering RNAs to induce the sequence-specific blockade or deg-
radation of mRNA with subsequent translational silencing [17, 18].
In general, there are three different ways to induce RNAI: (1) com-
mercially available double-stranded siRNAs designed with perfect
complementarity and unique sequences to the targeted mRNA that
have to be exogenously applied and introduced into the cell; (2)
plasmids encoding short hairpin RNAs (shRNAs), which are the
preprocessed form of siRNAs, can also be used to induce the RNAI
effect; or (3) viral-based vectors that express shRNAs can be intro-
duced into difficult to transfect cells or tissues and can provide long-
term gene silencing [1, 19, 20]. These given RNAi-inducing
systems must be carefully selected to match the appropriate silenc-
ing method with the experimental specimen type.

Ultimately, the success of RNAi experiments depends on the
specificity and efficiency of the siRNA. Different companies such as
GE Healthcare Dharmacon, Inc. or Ambion Thermo Fisher
Scientific® have developed specific design algorithms to identify
potent siRNA sequences to offer a library of well-validated prede-
signed siRNAs. However, highly complementarity siRNA sequences
can still induce off-target effects [21, 22] (see Note 1). Pooling of
several independent siRNAs that target the same gene is a common
strategy that has been shown to yield efficient gene silencing while
reducing the frequency of off-target effects [23]. Furthermore,
transfection efficiency and cell survival is another important step for
a successful RNAI gene expression regulation.

Cell lines, primary cells, and tissue differ in their ability to be
transfected. Here we present a classical transfection protocol for
primary endothelial cells, which can be adjusted to a number of
different cell types. We also present a modified siRNA-mediated



siRNA-Mediated Vascular Connexin Gene Knockdown 73

gene silencing protocol for ex vivo endothelial and smooth muscle
targeted gene knockdown of intact blood vessels [24]. These two
different methods allow the researcher to adjust the experimental
setup to the investigated cell type, cell line, or tissue and to effi-
ciently silence their GOI. Although outside the scope of these pro-
tocols, it should be noted that deep-tissue applications or long-term
RNAi-based gene silencing strategies should be adjusted to the
experimental setup by the use of laser- or viral-based transfection
systems [25-28].

Often multiple isoforms from a family of genes are expressed
within the same cell resulting in difficulty in isolating the unique
contributions of each protein to the function of the cell. Such is
the case with connexins, which also have been shown to change
their expression patterns in isolated primary cells. Knockdown of a
specific or multiple connexin(s) allows for isolated functional anal-
ysis for each isoform [29, 30]. Thus, the current chapter describes
a mechanism for knocking down GOIs in both primary cells and ex
vivo blood vessels.

2 Materials

2.1 Cell Culture
of Primary Vascular
Endothelial Gells

2.2 Transfection
of Endothelial Cells

1. Human umbilical endothelial cells (HUVEC) purchased at
passage 2 (see Note 2).

2. Endothelial cell medium: Medium 200 supplemented with
low serum growth kit (Thermo Fisher Scientific) and 20 % FBS
(see Note 3).

3. Incubator at 37 °C, 5% CO,, 90% humidity, and class 2 bio-
safety cabinet.

. Sterile cell culture 6- or 12-well plastic plates.
. 50 pM fibronectin solution (sec Note 4).

. Plastic cell scraper.

. Trypsin—-EDTA.

. Sterile PBS: 137 mM NaCl, 2.7 mM KCl, 1.5 uM KH,PO,,
8.1 mM Na,HPO, without divalent cations, e.g., CaCl, or

9. Light microscope with 10x objective.

o N O\ Ul

1. Lipofectamine® 3000 (see Note 5).
2. Opti-MEM media.

3. Transfection media: Medium 200 supplemented with low
serum growth kit (Thermo-Fisher Scientific) and 0.1% FBS
(see Note 6).

4. siRNAs (see Note 7).
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2.3 Dissection

and Transfection

of Mouse
Thoracodorsal Arteries

(TDAs)

. Model organism: mouse.

2. Dissecting microscope with 40x zoom capability.

3. Sterile microdisscetion tools (pair of fine forceps, dissection

10.

11.

12.

scissors, etc.)

. Krebs-HEPES physiological salt solution: 118.4 mM NaCl,

4.7 mM KCI|, 1.2 mM MgSO,, 4 mM NaHCO;, 1.2 mM
KH,PO,, 10 mM HEPES, 6 mM Glucose, 2 mM CaCl, pH to
7.4 and use with or without 1% Bovine Serum Albumin
Fraction V (see Note 8).

. Culture myograph 202CM vessel cannulation system (Danish

MyoTechnologies) or other vessel cannulation system includ-
ing glass micropipettes for vessel cannulation.

. 10-0 Nylon sutures.
. siRNAs (see Note 7).
. Nucleofector™ Cell Line Kit for Human Coronary Artery

Endothelial Cells (HCAECs) and Human Aortic Smooth
Muscle Cells (hAoSMCs) (Lonza, Swiss).

. Nucleofector™2b Device (Lonza, Swiss) for cell electropora-

tion or similar device and corresponding electroporation
cuvettes.

RPMI medium 1640 with or without 1% Bovine Serum
Albumin Fraction V, 1% r-glutamine, 1% penicillin/strepto-
mycin (see Note 8).

Incubator at 37 °C, 5% CO,, 90 % humidity, and a class 2 bio-
safety cabinet (cell culture hood).

100 mm sterile cell culture plastic dishes or 24-well plates.

3 Methods

3.1 Setting Up Plates
of Vascular Gells
for Experiments

—

. For HUVEGs only, place 12.5 pL or 25 pL of fibronectin in

the middle of each well of a 12- or 6-well plate, respectively,
and use a cell scraper to spread the solution around the surface
of the well.

. Leave the plate in the cell culture hood to allow the fibronectin

to dry.

. Once dry, plates can be used immediately or sealed in plastic

bags and stored at 4 °C for 1-2 weeks for later use.

. At 80-90% confluence, remove cell media from flasks of cells

and wash cells two times with 5 mL of PBS.

. Pipette in 1x Trypsin—EDTA. Rock the flask to cover the cells

and place back in the 37 °C incubator for 3 min.

. Check for cell dissociation by microscope.
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. Once 80-90% of cells have become dissociated add back at

least twice the amount of media than Trypsin—-EDTA to cells.
For continued passage add one-fifth of cells back to the flask
and top up with fresh media.

. Count the remaining cells using an hemocytometer and adjust

the volume to approximately 2x10* cells per mL. This will
ensure confluence in 4-5 days (see Note 9).

. Place 0.75 or 1.5 mL of cells in each well of a 12- or 6-well

plate, respectively, and place plate in 37 °C incubator.

Incubate overnight.

. Remove siRNA from the -80 °C and place on ice to thaw.
. Prepare 1.5 mL microcentrifuge tubes for siRNA dilution,

siRNA, and Lipofectamine additions.

. Dilute 50 pM stock siRNA 1:10 in Opti-MEM to a concentra-

tion of 5 uM (see Note 10).

. Prepare siRNA tubes and Lipofectamine tubes by adding

50 pL of room temperature Opti-MEM to each tube per
experiment.

. For 6-well plates (per well), pipette 1 pL of diluted stock

siRNA into siRNA tube containing 50 pL. Opti-MEM. For
12-well plates (per well), pipette 0.5 pL of diluted stock siRNA
into siRNA tube containing 50 pL. Opti-MEM.

. For 6-well plates (per well), pipette 1.0 pL Lipofectamine into

the Lipofectamine tube containing 50 pL Opti-MEM. For
12-well plates (per well), pipette 0.5 pL Lipofectamine into
the Lipofectamine tube containing 50 pl. Opti-MEM.

. Add the Lipofectamine mix to the siRNA mix and swirl with

the pipette tip to mix (se¢ Note 11).

. Allow mixed solution to stand for 5-10 min.

. Remove media from cells and replace with transfection media.

For 6-well plates, add 1.9 mL transfection media to each well.
For 12-well plates, add 0.9 mL transfection media to each well.

Add 100 pL of the siRNA: Lipofectamine mix to each well for
a final volume of 2 mL (for 6-well plates) or 1 mL (for 12-well
plates) and for a final siRNA concentration of 2.5 nM.

Place plate back into the 37 °C incubator for 24 h.

After 24 h, remove transfection media and replace with endo-
thelial cell media.

Incubate for a further 24 h (see Note 12).

Analyze cell viability and transfection efficiency before using
cells in experimental preparations (see Note 13).
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3.3 Dissection
of Mouse TDA

3.4 ExVivo
Endothelial or Smooth
Muscle Cells
Transfection

. Euthanize mice (8-10 weeks old) using CO, asphyxia and

place in the lateral decubitus position at a clean surgical station
with dissecting microscope.

. Spray scapular area with 70% ethanol to minimize fur getting

into the exposed tissue.

. Make a 3—4 cm long incision on one side in the scapular region

using forceps and a dissecting scissor [31].

. Carefully resect the section of skin covering the latissimus dorsi

muscle. Be careful not to disrupt the superficial dorsal muscle
underneath the latissimus dorsi (see Note 14).

. Remove the latissimus dorsi by microdissection to expose both

the superficial dorsal muscle and TDA, which feeds the spino-
trapezius muscle. The TDA is surrounded on both sides by
veins (see Note 15).

. Isolate the TDA (~10-15 mm) by carefully dissecting away

surrounding fat and veins. Place TDA in 1.5 mL microcentri-
fuge tube containing cold Krebs-HEPES on ice. TDA can
remain on ice in cold Krebs-HEPES for up to 6 h.

. Repeat steps 2-5 for isolating contralateral TDA.

. Transfer a freshly isolated TDA to the prefilled bath chamber

of a pressure myograph (Danish MyoTechnology) with room
temperature Krebs-HEPES solution without flow. Make sure
pressure myograph tubing and glass micropipettes are prefilled
with Krebs-HEPES supplemented with 1% BSA solution and
verify that the tubes and micropipettes do not have any air
bubbles (se¢ Notes 8 and 16).

. Gently open each end of the TDA with fine forceps and pull

ecach TDA end on opposing glass cannula ends within the
chamber. Only handle vessel ends to minimize mechanical
stress and float the vessel onto the micropipettes.

. Secure artery-cannula with 10-0 nylon suture (se¢ Note 17).

4. Attach the myograph tubing to the pressure transducer and

perfuse vessel lumen with Krebs-HEPES 1% BSA solution for
2 min by turning on the pressure transducer and increasing the
inflow pressure to 40 mmHg and set the outflow pressure to
0 mmHg. This will clear residual red blood cells and debris.

. Mix 82 pL Nucleofection reagent for HCAEC with 18 pL kit

supplement 4 and dilute siRNA reagents to final concentration
(100 nM or 10 pmol siRNA /sample) in a 1.5 mL microcentri-
fuge tube (see Note 18). If only transfecting smooth muscle
cells, and not the endothelial cells, use the nucleofection solu-
tion for hAoSMC and do not include any siRNA (se¢e Note 19).

. Incubate nucleofection solution/siRNA mix for 10 min at

room temperature.
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. Disconnect the inflow tubing from the pressure transducer box

first and then disconnect that tube from the glass micropipette.
This must be performed specifically in this sequence to stop
flow through the TDA.

. Using a 1 mL syringe, completely fill the disconnected inflow

tubing with the HCAEC nucleofection solution/siRNA mix.
Add a small air bubble to the inflow tube on the side that will
be attached to the pressure transducer.

. Reconnect the inflow tubing to the pressure transducer box

and then to the micropipette, specifically in that sequence.
Avoid introducing air bubbles directly into the glass micropi-
pette (see Note 20).

Perfuse the vessel lumen with HCAEC nucleofection solu-
tion/siRNA by increasing the inflow pressure to 40 mmHg
and leaving outflow pressure at 0 mmHg. The bubble near the
pressure transducer should move toward the glass micropi-
pette. Allow for the new solution to move through the vessel
(the bubble should move at least the length of the glass micro-
pipette to verify the nucleofection solution/siRNA has moved
into the vessel (see Note 21).

Quickly and simultaneously remove the vessel from the inflow
glass micropipette and tie off the vessel ends with the anchor-
ing suture. Repeat for the opposite end to trap reagents inside
vessel lumen.

If transfecting only endothelial cells, fill an electroporation
cuvette provided with the Nucleofection kit with 100 pL of
HCAEC Nucleofection reagent without siRNA (82 pL
Nucleofection Reagent for HCAEC with 18 pL kit supple-
ment 4). If transfecting smooth muscle cells, fill the provided
electroporation cuvette with hAoSMC Nucleofection reagent
(84 pL HAoSMC Nucleofection reagent supplemented with
18 pL of supplement) with siRNA diluted to final concentra-
tion. Let this incubate in the cuvette for 10 min at room
temperature.

Gently transfer the ligated artery to the electroporation cuvette
(see Note 22).

Electroporate vessel using program A-034 on Nucleofector 2b
device. New protocols for the Nucleofector 4D line are avail-
able through Lonza (se¢e Note 23).

Let vessel recover for exactly 5 min in cuvette (sec Note 24).
Remove vessel from electroporation cuvette and place in myo-
graph bath filled with Krebs-HEPES solution and carefully
remove old sutures with fine forceps. Position vessel ends on
opposite micropipettes using new 10-0 nylon sutures. Minimize
vessel handling.
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17.

18.

19.

20.

Flush vessel lumen with Krebes-HEPES 1% BSA solution by
increasing the inflow pressure to 40 mmHg for 1 min.

Perfuse vessel lumen with warm (37 °C) RPMI 1640 media
supplemented with 1% BSA, 1%L-glutamine, and 1% penicil-
lin/streptomycin using an inflow pressure of 40 mmHg by
adding this media to the inflow tubing as previously described.

Remove vessel from micropipettes (without ligating ends; no
sutures) and place in a sterile culture dish or 24-well plate con-
taining RPMI 1640 media supplemented with 1% BSA, 1%L-
glutamine, and 1% penicillin/streptomycin (prewarmed to
37 °C) for 18-24 h at 37 °C and 5% CO, in humidified cell
culture incubator (see Note 25).

Analyze cell viability and transfection efficiency before using
vessels in experimental preparations (see Note 13).

4 Notes

. To test for off-target effects, nontargeted siRNA are generally

used, which consist of a scrambled sequence of the siRNA such
that the scrambled sequence doesn’t target the target mRINA.
This negative control is used to show that the actual procedure
including the transfection, introduction of siRNA into the cell,
and activation of cellular machinery for RNAi does not affect
the mRNA expression or functional output being tested.

. Primary HUVEC cells are supplied in frozen vials from the

manufacturer and should be stored at -80 °C until use.

. The low serum growth kit from Thermo-Scientific contains

1 mL gentamycin/amphotericin B (500x), a 1 mL mixture of
basic fibroblast growth factor (1.5 pg/mL)/heparin (5 mg/
mL)/BSA (100 pg/mL), 0.5 mL hydrocortisone (1 mg/mL),
1 mL EGF (5 pg/mL), and 5 mL of FBS. To make the endo-
thelial cell media, we add all of the low serum growth kit with
the exception of the FBS (which is not used) to the 500 mL of
M200 media, mix for 10 min at room temperature, remove
100 mL (see Note 6), and replace with 100 mL of FBS that has
been batch tested for cell growth.

. Fibronectin coating of plates promotes adhesion and reduces

the tendency of the endothelial cells to float off from the plate
surface.

. Lipofectamine 3000 was selected due to good transfection effi-

ciency as compared to Lipofectamine 2000 in these cells. Other
transfection reagents and techniques, e.g., nucleofection may
also produce good results in these cells.
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. The 100 mL of no-serum media (removed while making up

the stock endothelial cell media) has 50 pL of FBS added to
make a final concentration of 0.1 % serum, which is useful for
cell transtections and drug treatments and can sustain HUVEC
for several days in culture without cell death.

. Desiccates of siRNA (5 nM) from company should be mixed

with 100 pL. of DNase free water to a final concentration of
50 pM. siRNAs can then be stored at -80 °C and freeze-
thawed up to 50 times without loss.

. BSA supplemented buffers and media should be sterile fil-

trated, if they are used in combination with glass micropipettes.
Otherwise the BSA will clog the micropipettes.

. Optimally, cells should never exceed 95% confluence.

Experiments described here require a longer time course, e.g.,
3—4 days and should be seeded to reach around 95 % conflu-
ence at the end of the experiment. If cells become too conflu-
ent, they can detach which will affect the results of the
experiments.

Recommended usage is 2 nM (1:25,000) to 10 nM (1:5000)
from the original 50 pM stock so it is best to dilute the main
stock first.

Gentle mixing should be used to avoid pipetting up and down.

Optimal knockdown occurs between 48 and 72 h after trans-
tection depending on the half-life of the protein of interest (see
Note 13).

Cell viability after transfection should be tested and can be
assessed by using different commercially available kits. The
lactate-dehydrogenase (LDH) Cytotoxicity Assay measures
the release of the cytoplasmic enzyme, LDH, into the extracel-
lular space/vessel lumen, which is an indicator for cell death.
Trypan blue 0.4 % assay can be used after transfection to moni-
tor the viability of cells. This dye is membrane impermeable to
healthy cells but can diffuse across the plasma membrane in
dying cells. Additionally, transfection efficiency should be
determined. By transfecting fluorophore-coupled non-target
siRNAs, the amount of fluorescent cells can be easily deter-
mined with a fluorescent microscope. The transfection of a
GFP-expressing plasmid can also be used as a control for trans-
fection efficiency, but because of the difference in size, there is
no direct comparison possible to the actual amount of siRNA-
transfected cells. The successtul knockdown of the gene of
interest should be determined in at least two ways: on the level
of mRNA and protein, for example, via PCR and Western Blot,
respectively. The degradation of mRNA could be tested within
2448 h. It should be taken into account that some ways of
gene silencing do not cleave the mRNA and, thus, intact
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

mRNA could be detected although the translation into protein
is inhibited. The detection of the protein of interest via Western
Blotis an alternative to test for the mRNA silencing. Depending
of the half-life of the investigated protein, protein should be
isolated between 48 and 72 h. Connexins with a half-life of
4-5 h could show an effect after 24 h. The appropriate time of
knockdown has to be determined for each protein and cell

type.

Remove enough skin and expose a decent size working area.
Keep tissue hydrated by flooding the area with cold Krebs-
HEPES supplemented with 1% BSA solution during
dissection.

TDA is the center vessel of the three parallel blood vessels lying
on top of the superficial dorsal muscle.

Glass micropipettes should have a diameter around the same
size of the TDA vessel or slightly smaller (around 240 pm).

Sutures should be preknotted with a single overhand knot and
loosely wrapped over the micropipettes before placement of
the vessel; two sutures per side are optimal to prevent the ves-
sel from being pulled off of the micropipettes. Tie the sutures
over the vessel on the first side that is cannulated and then slide
the second side of the vessel onto the other micropipette and
tighten the suture over the second side of the vessel.

Recommended usage is between 50 and 300 nM (5-30 pmol
siRNA /sample).

Use HAoSMC kit for smooth muscle cell transfection. In this
case, only HAoSMC Nucleofection reagent (with no siRNA) is
perfused and trapped in the vessel lumen. For smooth muscle
cell transfection, siRNA constructs are mixed in the electro-
poration cuvette before the vessel is placed inside.

When reconnecting the inflow tubing to the glass micropi-
pette, slightly overfill the tube with transfection solution so
that a droplet remains on the tip of the tube to be connected
to the glass micropipette. Reconnect the inflow tube such that
there is no air bubble added to the glass micropipette.

Visually observe the filling of the vessel with transfection
reagent/siRNA. Only a small amount is necessary to com-
pletely fill the vessel.

Make sure that the ligated vessel is completely covered with
solution.

The HCAEC Nucleofection kit is supported by the
Nucleofector 2b device and is used for endothelial cell trans-
fection. New reagents and protocols exist for the Nucleofector
4D line of electroporation devices (Lonza) [32].
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Following transfection, the viability of the vessel is improved
when the cells can briefly recover without disturbances for
5 min. However, after 5 min the nucleofection solution may
have negative outcomes on cellular viability within the cell.

Prewarmed/sterile RPMI media supplemented with 1% BSA,
1% r-glutamine, and 1% penicillin/streptomycin should be
equilibrated in a 37 °C incubator for 30 min prior to adding
the transfected vessel. In some cases the removal of antibiotics
may have favorable outcomes on vessel survival during recov-
ery in cell culture incubator. Recovery times will vary for dif-
ferent types of blood vessels. For TDA, 18 h is a sufficient time
point to use vessels for pressure myography experiments.
Additionally, the maximal knockdown of certain gene products
may occur earlier than 18 h and experimental validation is nec-
essary to show that shorter recovery times do not affect vessel
functionality. In this case, measuring an experimental output
following the transfection protocol without siRNA or with a
negative control scrambled siRNA would be the appropriate
control.
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Chapter 6

Generation and Use of Trophoblast Stem Cells and Uterine
Myocytes to Study the Role of Connexins for Pregnancy
and Lahor

Mark Kibschull, Stephen J. Lye, and Oksana Shynlova

Abstract

Transgenic mouse models have demonstrated critical roles for gap junctions in establishing a successful
pregnancy. To study the cellular and molecular mechanisms, the use of cell culture systems is essential to
discriminate between the effects of different connexin isoforms expressed in individual cells or tissues of
the developing conceptus or in maternal reproductive tissues. The generation and analysis of gene-defi-
cient trophoblast stem cell lines from mice clearly revealed the functions of connexins in regulating placen-
tal development. This chapter focuses on the use of connexin gene-deficient trophoblast stem cell cultures
to reveal the individual role of gap junctions in regulating trophoblast differentiation and proliferation
in vitro under controlled conditions. In addition, cultures of primary uterine myocytes, isolated from mice
or rats, allow studying the effects of mechanical stretch or ovarian hormones on regulating connexin
expression, and thus, to model the molecular mechanisms of uterine growth and development during
pregnancy. Here, we describe the derivation of primary uterine myocyte cultures and their use in in vitro
stretch experiments to study the mechanisms of myometrial remodeling essential to accommodate the
growing fetus throughout gestation.

Key words Placenta, Trophoblast differentiation, Embryo, Uterus, Myometrium, Gestation, Stretch

1 Introduction

During pregnancy, the developing embryo establishes complex
interactions with maternal uterine tissues. Physiological, genetic,
or environmental impairment of the fetomaternal interaction can
lead to pregnancy complications, such as preeclampsia, intrauterine
growth restriction, or preterm labor, affecting the health of both
the baby and the mother [1, 2]. Studying developmental and
molecular mechanisms of the placenta or the pregnant uterus is
challenging due to the presence of tissues of two genetically diver-
gent organisms. Current experimental approaches include the use
of different animal models to examine specific cellular, hormonal,
or immunological aspects of fetal and/or maternal development.

Mathieu Vinken and Scott R. Johnstone (eds.), Gap Junction Protocols, Methods in Molecular Biology, vol. 1437,
DOI 10.1007/978-1-4939-3664-9_6, © Springer Science+Business Media New York 2016
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Mutant mice have demonstrated that gap junctions play essential
roles in establishing a successful pregnancy from regulating tro-
phoblast differentiation during placental development and mediat-
ing uterine artery remodeling [3, 4], and to forming a functional
myometrial syncytium, which enables forceful uterine contractions
to expel the fetus during labor [5]. However, due to the presence
of multiple connexin isoforms expressed by the placental tropho-
blasts (i.e., Cx31, C31.1, Cx26, and Cx43), endothelial cells (i.e.,
Cx40, Cx43, and Cx37), the decidua (i.e., Cx43), the fetal meso-
derm (i.e., Cx43 and Cx45), and by uterine myocytes (i.e., Cx26,
Cx43, and Cx45) [3], the specific effects of individual connexins
are difficult to study. The derivation of tissue cell lines and long-
term or short-term primary cell cultures that mimic the physiologi-
cal processes in utero allow studying the molecular mechanisms
leading to a successful gestation.

In the developing placenta, Cx31 and Cx31.1 are critical regula-
tors of trophoblast differentiation. Both connexins are coexpressed
in the proliferating postimplantation trophoblast lineage. The inac-
tivation of either gene in mice results in partial loss (i.e., 60 and
30%, respectively) of conceptuses between embryonic days 10.5 and
13.5[6, 7]. Surviving embryos are born viable, but growth restricted
due to significantly reduced placental sizes [7, 8]. For both mutant
mouse strains, the generation of Cx31 or Cx31.1 gene-deficient tro-
phoblast stem cell lines and their in vitro analysis has provided fun-
damental insights into the role of these gap junction proteins in
regulating trophoblast differentiation (Fig. 1) [9, 10].

Trophoblast stem cell (TSC) lines can be generated from a blas-
tocyst’s trophectoderm outgrowth or dissected extraembryonic
ectoderm in the presence of fibroblast growth factor 4 (FGF4) and
mouse embryonic fibroblast conditioned medium (MEF-CM). A
later study showed that transtorming growth factor beta/activin is
the critical factor produced by MEFs [11]. By removing FGF4 and
MEF-CM /activin from cell culture medium, TSC can differentiate
into all placental trophoblast subpopulations [12, 13]. Earlier, we
showed that during in vitro differentiation, wild-type TSC maintain
a specific placental connexin expression pattern. In particular, undif-
ferentiated TSC express both Cx31 and Cx31.1, and upon differen-
tiation into syncytiotrophoblast, the expression of Cx26 is induced,
while differentiation into trophoblast giant cells stimulates the
expression of Cx43 [10, 14]. The generation of Cx31-deficient and
Cx31.1-deficient TSC lines from blastocysts of the corresponding

»
»

Fig. 1 (continued) Cx31 preserves the diploid, proliferating trophoblasts, whereas Cx31.1 promotes differentiation.
(b—e) Quantitative real-time polymerase chain reaction analysis of each 3 Cx31.1+/— (HZ) and Cx31.1-/- (KO) TSC
lines differentiated in vitro for 6 days. Cx31.1 deficiency results in a block of terminal differentiation from the Mash2-
expressing intermediate trophoblast population into placental glycogen cells, Pcdhi12, spongiotrophablast, Tpbpa,
and giant cells, PI-2 as indicated by repressed marker gene expression compared to Cx31.1*~ (HZ) controls
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Fig. 1 (a) Scheme demonstrating the opposite roles of Cx31 and Cx31.1 in regulation TSC differentiation. Upon
removal of FGF4 and activin, TSC differentiate into intermediate trophoblasts characterized by Mash2 expression
and further into the placental trophoblast subpopulation, namely, glycogen cells (protocadherin12, Pcdh12),
spongiotrophoblast (trophoblast binding protein A, Tpbpa), and trophoblast giant cells (placental lactogen 2, PI-2).
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knock-out (KO) mice revealed an antipodal role for both connexin
isoforms. Cx31-deficient TSC differentiate faster along the tropho-
blast lineage compared to wild-type control cells [10], whereas
Cx31.1-deficient TSC differentiate slower into placental tropho-
blast subpopulations compared to controls [9], as indicated by the
analysis of specific marker genes and proliferation capabilities
(Fig. 1). This clearly indicates that Cx31 is critical to maintaining
TSCs in the undifferentiated proliferative state during placental
development and the coexpression of Cx31.1 has an opposite func-
tion of promoting trophoblast lineage differentiation into placental
subpopulations [9, 10]. Therefore, TSC cultures provide a unique
and valuable tool for investigating the role of gap junction proteins
in lineage differentiation during placental development.

During pregnancy, the uterus undergoes dramatic changes to
accommodate the growing fetus. The uterine smooth muscle (i.e.,
myometrium) is noticeably increasing in size. This growth is regu-
lated by mechanical stretch of the uterine wall by the growing
fetus(es) and by pregnancy-related changes of the ovarian hormones
estrogen and progesterone [15]. In addition, uterine remodeling is
critically regulated by the invading trophoblast populations, para-
crine and endocrine signals, and by the infiltration of immune cells
into the uterine tissues [16, 17]. The expression of gap junction
proteins (i.e., Cx43, Cx26, and Cx45) is regulated throughout ges-
tation to ensure tissue integrity during the development of cellular
hypertrophy and later for coordinated forceful uterine contractions
during labor to expel the fetus/es [18]. Tissue-specific deletion of
Cx43 from uterine myocytes in mice leads to irregular uterine con-
tractions and delayed delivery of pups, revealing the importance of
gap junctional communication for successful pregnancies [19].

The establishment of primary rodent myocyte cultures allows
to analyze in vitro the effect of mechanical stretch and/or hor-
monal changes on gap junctional communication between uterine
myocytes independent of vascular cells, resident or infiltrating leu-
kocytes or fetal tissues [19, 20].

This chapter describes the development of different cell cul-
ture systems derived from fetal (i.e., trophoblasts) and maternal
(i.e., myocytes) rodent tissues to study the complex physiological
mechanisms underlying pregnancy.

2 Materials

2.1 Culture

and Differentiation

of Mouse Trophoblast
Stem Cells

1. TS medium: Roswell Park Memorial Institute (RPMI) medium
1640, 20 % fetal bovine serum (FBS) (Thermo-Fisher Scientific,
USA) (see Note 1), 2 mM glutamine, 1 mM sodium pyruvate,
100 mM B-mercaptoethanol, and 100 U/mL penicillin/
streptomycin.
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2.4 In Vitro Stretch
of Primary Uterine
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. Mouse embryonic fibroblast (MEF) conditioned TS medium

(TS/CM) [14] (sec Note 2).

. TSC lines cultured in 70% MEF conditioned medium (TS/

CM) and 30% TS medium, supplemented with 25 ng/mL
FGF4 (R&D Systems, USA) (see Note 3) and 1 U/mL hepa-
rin (Sigma-Aldrich, Canada).

. TrypLE dissociation reagent (Life Technologies, Canada) (see

Note 4).

. Incubator at 37 °C, 5% CO,, 5% CO, and 90 % humidity, and

biosafety cabinet.

. Cell culture plastic dishes and 40 pm cell strainer.
. Dulbecco’s phosphate buffered saline (DPBS) at pH 7.4

(Sigma-Aldrich, Canada).

. Staining solution: 1.6 mg/mL 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) (Sigma-Aldrich,
Canada) dissolved in DPBS.

2. 24-Well culture plates.
. Dimethylsulfoxide (DMSO).

4. Plate reader photometer.

. Estrogen solution: 0.25 mg/mL 17f-estradiol (Sigma-Aldrich,

Canada) dissolved in 90 % corn oil with 10% ethanol.

. Buffer A: sterile Hank’s Basic Salt Solution (HBSS) containing

calcium and magnesium, 25 mM 2-[4-(2-hydroxyethyl)piperazin-
1-yl]ethanesulfonic acid (HEPES), 100 U/mL penicillin/strep-
tomycin, and 2.5 pg/mL amphotericin B. Adjust to pH 7 .4.

. Buffer B: buffer A without calcium and magnesium.

4. Buffer C: buffer B supplemented with 1 mg/mL collagenase

type IT (Sigma-Aldrich, Canada), 0.15 mg,/mIL DNase I (Roche,
Canada), 0.1 mg/mL soybean trypsin inhibitor, 10% FBS
(Cansera, Canada), and 1 mg/mL bovine serum albumin (BSA).

. Cell culture medium: phenol red-free Dulbecco’s Modified

Eagle’s Medium (DMEM) (Life Technologies, Canada) sup-
plemented with 10% FBS, 25 mM HEPES, 100 U/mL peni-
cillin/streptomycin, and 2.5 pg/mL amphotericin B.

. Serum-free medium: phenol red-free DMEM supplemented

with insulin-, transferrin-, selenium-, sodium pyruvate solution
(ITS-A) (Life Technologies, Canada), 25 mM HEPES, 100 U/
mL penicillin/streptomycin, and 2.5 pg/mL amphotericin B.

. Flexcell FX-3000 Tension System (Flexcell Inc., USA).

. Collagen I-coated Bio-Flex 6-well plates with rubber mem-

branes (Flexcell Inc., USA).
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. ProNectin-coated 6-well culture plates with rubber mem-

branes (Flexcell Inc., USA).

. Collagen I-coated HT Bio-Flex 24-well plates with rubber

membranes (Flexcell Inc., USA).

. ProNectin-coated HT Bio-Flex 24-well plates with rubber

membranes (Flexcell Inc., USA).

. Covalently bound matrix surfaces: amino, collagen (i.e., type 1

or IV), elastin and pronectin (Flexcell Inc., USA).

3
4
5
6
3 Methods
3.1 CGomparative 1.
Analysis of Gonnexin-
Deficient TSC
Differentiation
2
3
4
5

3.2 MTT-Proliferation 1.

Assay for TSC

Use gene-deficient TSC lines and wild-type control lines,
which were derived in parallel (se¢e Note 5) using the same
batch of TS/CM (see Note 3). Change cell culture media
every other day.

. At 80% confluency, remove cell culture medium, add 1 mL

TrypLE, and incubate for 3 min at room temperature.
Dissociate TSC to single cells by pipetting up and down with a
1 mL pipette tip. Add 1 mL of TS medium and pass the sus-
pension through a 40 pm cell strainer to remove clumps and
aggregates of differentiated cells.

. Spin the suspension at 800 xg for 3 min, remove supernatant,

and resuspend cells in 1 mL of TS/CM. Count cells and seed
in 12-well plates at a density of 10,000 cells per well in 1 mL
of TS /CM. Incubate plates for 48 h before inducing differen-
tiation (see Note 7).

. To induce TSC differentiation, remove the cell culture medium

and wash monolayers with DPBS to remove any traces of
TSC/CM. Add 1 mL of TS medium and culture plates for up
to 10 days (see Note 6).

. Take samples at days 0, 2, 4, 6, 8, and 10. Isolate RNA and

perform standard quantitative real-time polymerase chain reac-
tion analysis for specific trophoblast differentiation markers

(Fig. 1).

Plate TSC in 24-well plastic plates at a density of 10,000 cells
per well in 0.5 mL of TSC/CM. Use four technical replicates
for each measuring point. Culture plates for 48 h in the
incubator.

. At 48 h postplating, establish the reference point for the pro-

liferation curve. Remove cell culture medium and add 1 mL of
prewarmed 10 % staining solution in TS medium to the wells at
a final MTT concentration 160 pg/mL (see Note 7). Incubate
plates for 2 h in the incubator.
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Caretully remove medium and add 0.5 mL of DMSO to each
well. Shake the plates for 5 min at low speed on a shaker to lyse
cells and release the blue dye.

. Place the plates into a plate reader or transfer solutions into

cuvettes and measure in a photometer at 570 nm wave length
with DMSO as a background (i.e., blank).

. Measure four technical replicates for each time point (i.e., day)

of the proliferation curve.

. Normalize data to day 0, graph and analyze using appropriate

computer software (Fig. 2).

3.3 Derivation Primary rodent uterine myocytes are prepared as follows [21, 22]:

and Gulture of Primary
Rodent Uterine
Myocytes

3.4 Application 1.

of Stretch to Rat
Smooth Muscle Cells

1.

Virgin, female, Sprague-Dawley rats weighing 150-200 g are
subcutaneously injected with estrogen (i.e., 50 pgin 200 pL).

. 24 h after injection, excise the whole uterus under sterile con-

ditions and place in a 10 cm cell culture dish with 25 mL of
buffer A.

. Place the sterile cell culture dish with uterine tissue in a bio-

safety cabinet with laminar flow, clean the uterine horns from
fat and connective tissue, cut into 1 mm wide rings, and place
them in a 50 mL flask with 25 mL of buffer B.

. Wash the tissue pieces three times with buffer B at room

temperature.

. Perform an enzymatic digestion of the tissue by incubation in

buffer C (i.e., 10 mL/g of tissue) for 30 min at 37 °C on an
orbital shaker (i.e., 100 rounds per min).

. Following incubation, gently agitate the mixture by repeated

trituration with a glass and plastic pipette to mechanically dis-
rupt uterine tissue (see Note 8).

. Add an equal volume of ice-cold buffer B with 10% FBS to

stop enzymatic digestion, pass the suspension through a 70 pm
cell strainer to remove clumps of cells, and store on ice.

. Put the remaining undigested tissue into a new flask, add

10 mL of fresh buffer C to the tissue, and repeat the incuba-
tion and aspiration process five times.

. Collect the dissociated cells from steps 2—6 by centrifugation

at 200 xg for 15 min and resuspend the cell pellet in DMEM
supplemented with 10% FBS (sec Note 9).

Plate freshly isolated myometrial cells with an initial density of
3x 106 cells perwell in 3 mL of cell culture medium into 6-well
Flexcell plates coated with type I collagen or other extracellular
matrix proteins. Leave for 3 days to attach and proliferate in a
humidified 5% CO, incubator at 37 °C to 75% confluence.
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relative cell numbers
IS

dO.d1.d2.d4.d6.d8

days
Fig. 2 (a) Immunolabeling for Cx31.1 (arrows) and (b) corresponding phase-contrast image of Cx31.1+~TSC at
day 4 of differentiation. (¢) At day 6, giant cells (arrow heads) are prominent in Cx31.1*~ TSC cultures, whereas
the delayed differentiation of Cx31.1+~ TSC (d) leads to absence of giant cells forming cultures at day 6. Blue

LacZ stain indicates the Cx31.1 expression cell populations. (€) MTT proliferation assay shows increased prolif-
eration rates of Cx31.1~"- during differentiation compared to Cx31.1+~ controls (magnification 10x)

2. Incubate the cells for 24 h in serum-free medium to render
quiescence.

3. Expose the cell culture plates to static stretch ranging between
0 and 25 % elongation for predetermined time points (i.e., 2,
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Fig. 3 Basal Cx43 protein levels in myometrial smooth muscle cells following 2, 4, and 7 days in culture. (a)
Representative immunoblot analysis showing the dramatic increase in Cx43 protein levels with increasing
days in culture. (b) Indirect immunofluorescence of Cx43 in myometrial smooth muscle cells showing intense
punctate staining for Cx43 on day 7 of culture. Cells were simultaneously stained with Hoechst to mark cell
nuclei (magnification 1000x)

6, or 24 h) by applying a vacuum generated by a pump and
controlled by a computer-driven system (see Note 10).

4. Extract proteins or RNA, or fix with 4 % paraformaldehyde (see
Note 11).

5. Analyze gap junction expression (Fig. 3) and viability of cells
(Fig. 4).

4 Notes

1. The source of FBS and percentage of conditioned TS medium
have major effects on the undifferentiated growth of TSC. FBS
should be tested to promote undifferentiated growth of TSC
over several passages. Depending on the performance of FBS,
the concentration of CM might be reduced [14].

2. We routinely use MEFs derived from the same mouse strain as
the TSC lines. The autologous MEFs always lead to successful
generation and culture of TSC lines.

3. It is crucial for comparison of differentiation and proliferation
of mutant and wild-type TSC to use the same batch of TS
medium as well as 70 % TS /CM. We strongly recommend pre-
paring large volumes of TS /CM and freezing at -20 °C. The
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