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Abstract Molecular profiling has provided biological
evidence for the heterogeneity of breast cancer through
the identification of intrinsic subtypes like Luminal A,
Luminal B, HER2+/ER− and basal-like. It has also led to
the development of clinically applicable gene expression-
based prognostic panels like the Mammaprint® and
Oncotype Dx™. The increasingly sophisticated understand-
ing allowed by this and similar technology promises future
individualized therapy.
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1 Introduction

Over the last 10–15 years, thanks to the efforts of a variety of
patient advocate groups calling for greater information and
research into breast cancer, many women in the United States
have a heightened awareness of the dangers of this disease.
But to put their fears into a clinical perspective, the most
recent data from the American Cancer Society indicates that

over 200,000 new cases of invasive breast cancer were
diagnosed in 2006 and that greater than 40,000 women died
of the disease during that same time period. Thankfully,
during the last decade and a half we’ve seen a decrease in the
mortality rate attributed to breast cancer largely due to
improvements in early detection and adjuvant treatment.
While the improvement in the mortality rate is welcomed,
when the patient is sitting across from the oncologist, all she
wants to know is “what’s going to happen to me, and what do
these advances mean for my future?”

Inherent within this question are two concerns: what will
my treatment involve, and what is my prognosis? Although
many patients don’t verbalize these concerns so concisely,
this is essentially what they’re asking. And as a physician,
we want to answer those questions as accurately as
possible. Treatment recommendations and mortality esti-
mates largely derive from pathologic analysis of the breast
tumor and axillary lymph nodes as well as the tumor’s
hormone receptor and HER2 status. While useful, these
criteria are essentially surrogate markers that reflect our
crude understanding of the underlying biology of breast
cancer. One unifying observation of the last decade is that
breast cancer is biologically a heterogeneous disease.
Response to treatment and the prognosis of two patients
with the same stage of breast cancer can be vastly different.
At least a partial explanation for this disparity in behavior
is found in studies using modern techniques including
molecular profiling to examine the biologic underpinnings
of breast cancer. Because they dovetail with and expand
our understanding of breast cancer behavior, the details of
molecular profiling have quickly entered the vocabulary of
the breast cancer research scientist and are making their
way into the clinical arena.
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2 What is molecular profiling?

Molecular profiling is a scientific approach whereby
different types of tissues are compared at the molecular
level (DNA, mRNA or protein) on a global scale, i.e.
thousands of comparisons made at the same time. As this
technology has evolved, a variety of different methods have
been developed to accomplish this goal, which makes
interpretation of the final data difficult and continues to
hinder progression of the field into clinical utility. In
general, the majority of the scientific efforts published to
date have focused on the manipulation and interpretation of
cDNA arrays generated by converting mRNAs isolated
from a variety of tissue types to cDNAs, which are then
fixed to a solid substrate that allows quantitation of these
cDNAs. By comparing the quantitative expression of a
cDNA isolated from one tissue type to another, the
researcher can draw conclusions regarding the biology of
each tissue type.

The underlying assumption that mRNA expression
adequately explains the underlying biology of the tissue
under study is an assumption that ignores many of the post-
translational modifications that further modulate protein
expression levels, which are the ultimate determining factor
of cell biology. Analysis of cDNA also ignores the
underlying structural changes in the tissue’s genome that
may be contributing to its biology. For example, analysis of
HER2 cDNA may reveal that HER2 is overexpressed in
select breast tumors but does not provide insight into the
mechanism of overexpression, e.g. gene amplification, an
observation only made by analyzing the actual chromo-
somal DNA. Although slow progress is being made in the
application of molecular profiling techniques to both
genomic DNA and protein expression, the bulk of this
review will focus on data generated by analysis of cDNA
expression.

While application of existing cDNA microarray technol-
ogy to patient samples carries its own technical difficulties,
interpretation and statistical manipulation of the data
generated from these microarrays is even more complex.
In general, methods of data interpretation can be divided
into two categories: unsupervised methods and supervised
methods, which approach the problem from opposite
directions. Unsupervised methods, as exemplified by
hierarchical clustering analysis, take gene expression data
generated from a cohesive set of samples and attempt to
identify subclasses of samples based on differences in gene
expression. In contrast, supervised methods approach the
problem from the other direction—they take gene expres-
sion data generated from sample groups with distinct
known clinical outcomes (like treatment response or
survival) and attempt to identify differences in gene
expression that correlate with the known outcome.

Despite great enthusiasm about the promise of molecular
profiling to clarify biologic processes important in predic-
tion or prognosis, technical and analytic issues still remain
[1, 2]. One of the most widely expressed criticisms of any
of the molecular profiling techniques (supervised or
unsupervised) is whether the statistical manipulation of
the gene expression data truly reflects what’s happening in
the tumor or whether the gene sets identified as significant
are simply artifacts of data manipulation. One way in which
scientists have addressed those concerns is to use a training
set of patient data to generate an experimental signature
gene set and function as the data source for internal
validation of the gene set. External validation of the
experimental gene set is then provided by using the
experimental signature gene set to analyze a validation set
of patient data independent of the original training set.

In general, molecular profiling of breast cancer has been
used to address three major questions: (1) does the biology
of breast tumors differ amongst each other and in
comparison to normal tissue? (2) based on these biological
differences, can we more accurately predict the clinical
outcome for patients with seemingly identical tumors
thereby giving them a chance to make better informed
decisions regarding their future? and (3) can we more
accurately predict which tumor will respond to a specific
type of treatment so as to improve the risk/benefit ratio for
treating each patient?

3 Breast cancer intrinsic subtypes

Perou et al. first identified distinct molecular subtypes of
breast cancer using unsupervised hierarchal clustering
analysis of gene expression pattern differences identified
in 65 surgical breast specimens [3]. The breast cancers
clustered into groups differentiated by expression patterns
in several groups of coexpressed genes. An “intrinsic” set
of 456 genes more prone to variability between different
tumors than paired samples from the same tumor (pre- and
post-chemotherapy, primary and lymph node) was estab-
lished and used to further classify the samples. Subsequent
work by the same group refined and expanded these
classifications in a total of 78 carcinomas [4]. Reassuringly,
these tumors segregated into categories differentiated by
expression of estrogen receptor-related genes, supporting
earlier epidemiologic and marker studies that suggested that
ER-positive and ER-negative disease is biologically differ-
ent. The ER-positive subtypes included Luminal A and B.
The ER-negative subtypes included the HER2+/ER- subtype,
characterized by expression of a HER2-related cluster of
genes, and the basal-like subtype, characterized by low
expression of HER2-related genes, but high expression of a
group of genes characteristic of normal basal epithelial breast
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tissue [3, 4]. There is a fifth subtype (the normal breast-like
subgroup) originally described by Perou et al., however it is
not clear that it represents a true subtype [3–6]. Rather, it is
possible that this fifth subtype represents breast cancer
samples in which the percentage of normal cells are
overrepresented in the tumor sample thereby skewing the
gene expression results.

The subclassification of these breast cancer tumors into
luminal and basal-like types comes from comparison of
their gene expression patterns with those of epithelial cells
normally found in nonmalignant human mammary gland
tissues: luminal cells stain with antibodies against keratins
8 and 18 while basal cells stain with antibodies to keratin 5
and 17. Correspondingly, luminal subtypes of breast cancer
express increased levels of keratins 8 and 18 in addition to
those genes associated with ER expression while basal-like
subtypes of breast cancer express increased levels of keratin
5 and 17 and low to absent levels of ER and genes whose
expression is linked to ER [3]. Similar classifications of
breast cancers into basal and luminal types using different
unsupervised clustering analyses have been seen by others
[8–10]. From these observations alone, it is easy to
speculate that the luminal subtypes and basal-like subtype
of breast cancer either arose from different progenitor cells
or differentiated along different paths, resulting in basic
differences in their biology and potential differences in their
response to treatment. The same type of analysis applied to
breast-tissue-derived cell lines reveals that the subtype
classification into luminal and basal-like is preserved when
patient samples are immortalized as cell lines and provides
examples of cell lines that could serve as model systems for
further research [7].

External validation of the intrinsic subtypes came from
application of the intrinsic gene set to available independent
datasets [6]. Using expression centroids, which are profiles
made up of the average expression of each relevant gene for
each of the five main molecular subtypes, the investigators
separately examined intrinsic genes that were included in
arrays performed on tumors used to develop the Amsterdam
70-gene prognostic signature (461 genes) [11], a second set
of 49 tumors of mixed hormone receptor and nodal status
(242 genes) [12], as well as an extended set of tumors from
their previous work (534 genes). Using this method
between 6–36% of tumors could not be classified into a
subtype. Otherwise the subtypes were represented with
similar distributions in all the datasets despite differences in
the populations; the original gene expression study was
based upon high risk, locally-advanced tumors treated with
chemotherapy or chemoendocrine therapy, the Amsterdam
70-gene prognostic signature dataset included women under
55 with lymph node-negative tumors that largely did not
receive adjuvant systemic therapy [11], and the West
dataset included tumors representing a mixture of stages,

nodal status, and hormone receptor status [12]. A revised
intrinsic gene list was also applied to the combined dataset
from several of these and other sources [4, 6, 8, 11],
revealing persistence of the subtype signatures across
different microarray platforms [5]. Since the clustering
methodology for identifying intrinsic subtypes is subopti-
mal for reproducible classifications, Hu et al. developed the
Single Sample Predictor (SSP) tool to serve as a prognostic
indicator for individual patient samples. The SSP compares
the gene expression profile of an unknown sample to the
prototypical profile of each intrinsic subtype and classifies
the unknown according to the profile it most closely
matches. A potential alternative to the SSP has also been
recently described; in these experiments gene expression
profiling using several different microarray platforms was
used to group a set of patient tumor samples into the
intrinsic subtype groups and identify signature genes
associated with the luminal and basal-like subtypes [10].
Fifty-four of these signature genes were identified as the
minimal set needed to distinguish between luminal and
basal-like subtypes. While evaluation of the signature 54
gene set itself provokes interesting questions regarding the
underlying biology of these two breast cancer subtypes,
future directions may include its evaluation for clinical and
clinical research applications.

4 Breast cancer subtypes, biology, and histology

Molecular profiling analyses identify differences in cDNA
gene expression profiles, and have recently provided
information about the differences between the two most
common histologic types of breast cancer: infiltrating
ductal and infiltrating lobular. In two separate sets of
experiments, unsupervised analysis of cDNA microarrays
generated from mRNAs was unable to consistently distin-
guish between infiltrating ductal carcinoma (IDC) and
infiltrating lobular carcinoma (ILC), although supervised
methods were able to identify specific gene signatures that
appear to segregate with the two histologic types [13, 14].
Genomic profiling studies also suggest a differential
imbalance between ILC and IDC in several chromosomal
regions [15]. A population-based study of the intrinsic
breast cancer subtypes identified by surrogate immunohis-
tochemical (IHC) markers revealed that basal-like tumors
were virtually all IDC or similarly poor prognosis histolo-
gies, while ILC was generally found among luminal
subtypes [16].

While the intrinsic subtype classification system was
developed from analysis of locally advanced breast carci-
nomas, primarily represented by infiltrating ductal carcino-
ma (86% of samples) [3], there are several less common
histopathologic categories of breast cancer including in-
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flammatory breast cancer (IBC) and medullary breast
cancer (MBC) which can also be categorized by this
system. IBC is a clinically distinct form of breast cancer
characterized by inflammation (often involving the whole
breast) and associated with a poor prognosis. The biology
of IBC is poorly understood which is reflected in the fact
that it is diagnosed clinically. The application of gene
expression profiling and unsupervised hierarchal clustering
to data generated from IBC and non-IBC samples reveals
that the heterogeneity of breast cancer subtypes is also seen
in the distinct clinical entity of IBC [17]; although some
therapeutically targetable differences such as a higher rate
of HER2-positivity [18] and upregulation of NF-κB-related
genes were noted in the IBC samples [19].

In contrast to IBC, MBC is a rare breast cancer that is
diagnosed pathologically and whose prognosis is better
than expected based upon its associated clinical character-
istics, which include high grade and ER-negativity. MBC is
associated with BRCA1 mutations [20–22], which corre-
lates with unsupervised gene expression profiling experi-
ments suggesting that most MBC are basal-like [23, 24].
Unique gene expression profile characteristics of MBC
compared to non-MBC basal-like breast cancer include
underexpression of genes involved in cytoskeletal remodel-
ing and cell invasiveness and overexpression of genes
involved in apoptosis, immune response and antigen
processing/presentation [24].

Unsupervised analysis of gene expression data from
locally advanced breast cancers using PCA (principal
component analysis), a technique different from hierarchal
clustering, reveals that there may be an additional breast
cancer tumor subtype characterized by expression of
androgen receptor (AR) related genes [25, 26]. The authors
designate this subtype as molecular apocrine and hypoth-
esize that its cell of origin is the apocrine gland, an
androgen-dependent sweat gland found in the axilla. In this
analysis, three breast cancer subtypes were identified:
luminal (ER+, AR+), basal (ER−, AR−) and molecular
apocrine (ER−, AR+), where the molecular apocrine
classification replaces the HER2+/ ER− subtype described
by Perou and colleagues [3, 25]. The authors argue that the
molecular apocrine gene signature more truly represents the
underlying biology of the tumors since all ER− tumors
outside the basal-like subtype fit in the molecular apocrine
subclass. This is in contrast to the HER2+/ER− category
defined by Perou et al. where some HER2+ tumors are
classified outside the group and some members of the
HER2+/ER− group lack HER2+ overexpression/gene am-
plification. The androgen-receptor classification system
requires further investigation but suggests another molecule
that may be a future therapeutic target.

While the identification of individual breast cancer
subtypes within a clinically indistinct population of tumor

samples is an interesting observation, what does it say
about the biology of the underlying disease? The correla-
tion of each subtype with a specific mammary cell of origin
(luminal versus basal) as well as identification of these
subtypes in preinvasive breast cancers, e.g. ductal carcino-
ma in situ, suggest that the changes in gene expression
patterns associated with carcinogenesis occur early in the
process [9, 27, 28]. Therefore, identifying the changes in
gene expression that occur as a cell transforms from non-
malignant to malignant may provide future therapeutic
targets for cancer prevention.

Molecular profiling has also provided insight into the
process of metastasis. Interestingly, while gene sets identi-
fying tumors with a high risk of lung metastasis, bone
marrow micrometastases or lymph node involvement may
have been identified [29–31], these gene sets appear to
differ from those predicting recurrence, suggesting that
genes involved in metastasis are not always those deter-
mining prognosis [29]. Moreover, although there may be
individual genes expressed in the primary tumor that
predict relapse and tropism for specific metastatic sites,
they are not easily detected using current molecular
profiling methods. Either the alterations in gene expression
determining metastatic potential are acquired early in the
carcinogenesis process such that they are present in both the
primary and metastatic tumor [31, 32], or they are so subtle
as to escape detection [33, 34].

5 Clinical characteristics and breast cancer subtypes

The heterogeneity of breast cancer clinical outcomes and
treatment response is not only related to the underlying
biology of the tumor itself but is also a reflection of the
genetic and biologic variability of the patient population
suffering from the disease. Population-based studies dem-
onstrate that even within the U.S., different populations
vary with regards to breast cancer incidence and mortality.
For example, breast cancer in African-American women is
less common than in Caucasian women, but is diagnosed at
a later stage and leads to worse survival even after
controlling for stage of diagnosis. Breast cancers in other
racial and ethnic groups also differ in terms of incidence
rates and risk factors [9, 35]. In the context of molecular
profiling and breast cancer subtypes, these observations
raise the questions of how and why the subtypes differ
within different racial and ethnic groups.

Unsupervised hierarchal clustering analysis of gene
expression patterns in 98 invasive breast cancers from a
predominantly Chinese patient population revealed that the
Luminal, basal-like and HER2+/ER− subtypes are relatively
well conserved; although the HER2+/ER− subtype tumors in
this patient population also exhibited low level expression of
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ER and ER-related genes [9]. Using IHC surrogates for the
breast cancer subtypes described by Perou et al., a
population-based study evaluating tumors from 196 African-
American women and 300 non-African-American women
in the United States revealed that while all subtypes were
represented in both African-American and Caucasian
women, there was an interaction between subtype, race,
and age. Basal-like tumors comprised 39% of breast
cancers occurring in premenopausal African-American
women, as compared to postmenopausal African-American
women or non-African-American women regardless of their
menopausal status, in whom this subtype made up only 15%
[16]. The higher prevalence of basal-like tumors in premen-
opausal African-American women corresponded to a lower
prevalence of Luminal A type tumors which may explain, in
part, the epidemiologic observation that young African-
American women with breast cancer have a poorer prognosis,
although decreased access to care and lower socioeconomic
status also play a role.

Ethnicity is not the only clinical characteristic that can be
associated with a specific intrinsic subtype [16]. While there
is little variation by subtype in stage at presentation, both
the basal-like and HER2+/ER− subtypes are primarily
invasive ductal histologies, invasive lobular cancers are
more likely to be luminal, and metaplastic, anaplastic and
undifferentiated carcinomas are more likely to be basal-like
than other subtypes. There are marked differences in grade
among subtypes, with the majority of basal-like and HER2+/
ER− cancers exhibiting high nuclear and histologic grade
and mitotic index. This is in contrast to the luminal subtype
where only approximately one-third of tumors exhibit high
grade histology. Adjusted for other variables, the basal-like
subtype is approximately 10-fold more likely to have a high
mitotic index or overall grade relative to the Luminal A
subtype. While tumors arising in BRCA1 carriers had
previously been noted to have a characteristic gene expression
signature [11], more recent analysis indicated that these tumors
are generally basal-like [6, 36–38]. Although most basal-like
tumors do not arise in BRCA1 carriers [16], the relevance of
the BRCA1 pathway in the pathogenesis and behavior of
sporadic basal-like breast cancer is a topic of great interest.

6 Prognostic profiles

Prognostic indicators based on currently available clinical
and histopathologic variables already exist and are used in
clinical practice. Examples of such indicators include the
Nottingham Prognostic Indicator (NPI), the St Gallen
criteria, the NIH consensus guidelines, and Adjuvant!
Online which use criteria like tumor size, tumor grade,
lymph node status, and hormone receptor status to predict a
patient’s clinical outcome in certain situations [39–42].

However, these indicators are still inadequate in that within
a given patient population with a specific predicted risk of
recurrence, there are always patients whose actual clinical
outcome doesn’t match that predicted by the indicator. Even
well-validated tools like Adjuvant! Online, which are used
to predict recurrence, mortality risks and the benefit of
adjuvant systemic therapy, can still lead to patients being
unnecessarily treated with toxic therapies or not treated
when their outcomes out to be poor. Therefore, scientists
have attempted to use molecular profiling via either
unsupervised or supervised methods to create more accurate
prognostic indicators to address these issues [4, 6, 8, 11, 29,
43–48]. For example, oncologists already know that the
prognosis for breast cancer patients with lymph node
positive disease is poorer and that adjuvant systemic
therapy decreases their risk of recurrence, but for patients
with lymph node negative disease (LNN), the benefit of
adjuvant systemic therapy is not so clear. Therefore the
ability to risk stratify LNN patients according to prognosis
could provide important information for the patient and the
treating oncologist when discussing treatment options and
could keep many women from suffering the side effects of
adjuvant systemic therapy in the absence of benefit.
Although many different prognostic indicators are in
development, there are six that are relatively well charac-
terized, four of which have been specifically developed to
address this question of prognosis in LNN patients: the
Amsterdam 70-gene profile, the Recurrence Score, the
Rotterdam 76-gene signature, and the wound response
signature (Table 1). The fifth prognostic indicator (the
invasiveness gene set) was developed by comparing the
expression levels of genes expressed in tumorigenic breast
cancer cells versus normal breast epithelial cells, while the
sixth prognostic indicator (the intrinsic subtype described
above) was originally developed from analysis of patients
with locally advanced breast cancer and was not specifi-
cally designed to risk stratify patients with LNN disease
(Table 1).

The Amsterdam 70-gene profile (Mammaprint®) was
first developed from supervised gene expression profiling
analysis of frozen tumor samples from two distinct patient
populations; all were <55 years of age and had lymph node
negative disease but 34 of 78 (44%) of the patients had
distant metastasis within 5 years of completing treatment
and 44 of 78 (56%) of the patients did not [11]. By
comparing the gene expression profile of these two groups,
a signature 70-gene set was identified that correlated with
clinical outcome. Internal validation of the set indicated that
it could accurately predict disease outcome for 65 of 78
(83%) of the patients used to generate the 70-gene signature
[11]. External validation of the Amsterdam 70-gene
prognostic indicator came from a retrospective analysis of
295 young patients (age <53 years) with both lymph node
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negative and lymph node positive disease, some of whom
were included in the earlier trial [47]. Based on their 70-
gene expression profile, 180 of the patients were classified
as poor prognosis and 115 as good prognosis. The mean

5 year overall survival for the poor prognosis group of
patients was 74% as compared to 97% for the good
prognosis patients (Fig. 1). The 70-gene signature was able
to predict prognosis regardless of lymph node status and in

Table 1 Prognostic profiles

Profile Developed from External validation population Adjusted hazard ratio Clinical use

Amsterdam 70
gene profile
(Mammaprint®)
[11, 47, 49]

78 LNN pts, age
<55 years, followed
for >5 years [11]

295 pts with LNP and LNN
disease (61 from training set)
age <53 years, T1 or T2,
heterogeneous Rx, followed
for >5 years [47]

4.6 (2.3–9.2); likelihood
of distant metastasis as
first event [47]

Predictor of distant metastasis
in Stage I–II. Requires frozen
tissue.

302 pts, T1-2 with LNN dis.,
age <60 years, no adjuvant
systemic therapy, median
followup >10 years [49]

2.13 (1.19–3.82) time to
distant metastasis [49]
2.63 (1.45–4.79) overall
survival [49]
1.36 (0.91–2.03) disease-
free survival [49]

Recurrence
Score
(Oncotype
Dx™) [46]

Candidate list of 250
genes applied to 447
pts with LNN and
LNP disease, ER+ and
ER−, heterogeneous
treatment.

668 (of 2,617) pts with ER+,
LNN disease Rx with
tamoxifen on NSABP B-14,
median followup >10 years

3.21 (2.23–4.61);
likelihood of distant
recurrence at 10 years

Predictor of distant relapse in
pts with ER+, LNN disease
Can be performed in fixed
archival tissue.

Rotterdam 76
gene signature
[44, 53]

115 pts w/ LNN
disease, no systemic
neoadjuvant or
adjuvant Rx, followed
for >5 years

171 pts w/ LNN disease, 75 %
ER+, no systemic neoadjuvant
or adjuvant Rx, followed for
>5 years [53]

5.55 (2.46–12.5); distant
metastasis-free survival
[53]

Predictor of distant metastasis-
free survival in pts with LNN
disease not treated with
systemic therapy. Validated
primarily in ER+. Requires
frozen tissue.

180 pts w/ LNN disease, >90%
ER+, heterogeneous Rx,
followed for >5 years [44]

11.36 (2.67–48.4)
likelihood of distant
metastasis-free survival
[44]

Wound response
signature [55]

Identification of core
serum response genes
expressed in serum-
stimulated fibroblasts

295 pts with LNP and LNN
disease, age <53 years, T1 or
T2, heterogeneous Rx,
followed for >5 years
(Amsterdam validation study)

7.25 (1.75–30.0)
metastasis as first event

None at this time

11.18 (2.52–49.6) overall
survival

Invasiveness
gene set [60]

Identification of 186
genes that differentiate
tumorigenic CD44+/
CD24− cells from
normal breast
epithelium

295 pts with LNP and LNN
disease, age <53 years, T1 or
T2, heterogeneous Rx,
followed for >5 years
(Amsterdam validation study)

1.2 (1.1–1.4) metastasis-
free survival

None at this time

1.2 (1.0–1.4) overall
survival

Intrinsic Subtype
[4–6]

Gene list from
unsupervised analysis,
49 pts with locally
advanced disease, Rx
neoadjuvant
doxorubicin [4]

97 pts, mostly LNN, followup
>5 years [6] (from Amsterdam
training set [11])

Not available None at this time

311 pts with heterogeneous
disease and Rx from multiple
datasets and microarray
platforms (includes tumors
from training set and first
validation set) [5]

Relapse-free survival
compared with Luminal
A: 2.02 (1.1–3.9) Basal-
like; 3.47 (1.8–6.8) HER2
+/ER−; 1.92 (1.1–3.5)
Luminal B [5]

LNN lymph node negative, LNP lymph node positive, Rx treatment
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multivariate analysis of the risk of distant metastasis as the
first event after treatment for the primary cancer, the only
independent predictive risk factors were the 70-gene
prognosis signature, tumor size, nodal involvement, and
use of adjuvant chemotherapy [47]. A second retrospective
external validation study of the 70-gene prognostic signa-
ture was performed in 302 women age 60 and younger with
node-negative T1-2 breast cancers that were not treated
with adjuvant systemic therapy and were followed for over
10 years. In these patients, the 70-gene prognostic indicator
was better at predicting time to distant metastasis (hazard
radio (HR) 2.13) and overall survival (HR 2.63) compared
to the clinical variables used by Adjuvant! Online. It did
not perform as well for disease-free survival as the other
endpoints (HR 1.36 adjusted for Adjuvant!) [49] and the
hazard ratios were lower than in the previous validation
study, which may reflect the fact that this prognosticator
was developed to evaluate expression of genes related to
early relapse, the untreated nature of this population, or that
the earlier validation study had included some tumors from
the training set. However, the external validation data still
provided the evidence needed for FDA approval of the
Mammaprint® assay and implementation of the MINDACT
trial where the usefulness of the 70-gene prognostic
signature in determining systemic therapy will be evaluated
in a prospective randomized trial for patients with node
negative breast cancer [49].

The 21 gene Recurrence Score prognostic indicator
(Oncotype Dx™) was developed using slightly different
methods than those described above [46]. In this series of

experiments, 250 candidate genes were selected from the
published literature, genomic databases, and gene expres-
sion profiling experiments and correlated with breast cancer
recurrence in 447 patients. From these 250 genes, 16
cancer-related genes and five reference genes were selected
and their expression levels used to develop the Recurrence
Score assay, which is unique in that it can be performed on
fixed tumor samples and does not require frozen samples.
External validation of the 21 gene Recurrence Score came
from the application of this prognostic indicator to patient
samples collected in the large multicenter NSABP (National
Surgical Adjuvant Breast and Bowel Project) B-14 trial,
which examined the benefit of adjuvant tamoxifen in
patients with hormone receptor-positive, lymph node-
negative breast cancers. 668 of 2,617 tumors from the
tamoxifen arm of the trial were assayed and their Recurrence
Score compared with outcome at greater than 10 years
followup [46]. In those patients classified as low risk by the
Recurrence Score (RS<18) only 7% relapsed, compared to
high risk patients (RS>31) among whom 31% relapsed
within 10 years (Fig. 2). Multivariate analysis of the role of
patient age, tumor size, tumor grade, HER2 status, hormone
receptor status, and Recurrence Score in predicting distant
recurrence revealed that only the Recurrence Score and
poor tumor grade were significant predictors of clinical
outcome [46]. Since the Recurrence Score was validated in
a relatively homogeneous patient population (LNN, ER+,
tamoxifen-treated), it is not clear if its ability to predict
distant recurrence is related to the natural history of the
disease, to the tumor’s responsiveness to tamoxifen, or to

Fig. 1 Probability of time to
distant metastasis (a) and over-
all survival (b) in poor 70 gene
signature and good 70 gene
signature patients
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both. However, subsequent studies suggest that the Recur-
rence Score is independently associated with breast cancer
mortality [50], chemotherapy sensitivity and tamoxifen
resistance (discussed further below) [51, 52]

As mentioned above, the Rotterdam 76-gene signature
was specifically devloped to address the clinical question of
how to identify those patients with lymph node negative
breast cancer that would benefit from adjuvant systemic
therapy, regardless of hormone receptor status, since the
majority of these patients are cured with locoregional
treatment [53]. Two hundred eighty-six patients with LNN
breast cancer that had not received adjuvant therapy were
divided into ER− and ER+ groups and subjected to gene
expression profiling. 115 patients served as the source of
the training set data, from which a prognostic model was
created by combining the 76 genes selected from the
profiling experiments with ER status data. The remaining
171 mixed ER+ (75%) and ER− (25%) tumors served as
the validation set. The sensitivity of the 76-gene test in
predicting distant metastasis was 93%, and the specificity
was 48%. In multivariate analysis of distant metastasis-free
survival, the 76-gene prognostic indicator outperformed
clinical variables and was the only significant variable to
contribute to prognosis prediction. In a subsequent study,
the Rotterdam 76-gene signature was also externally
validated using a retrospective analysis of an independent

data set of 180 LNN patients who did not receive adjuvant
systemic therapy. The 76-gene signature was able to
accurately identify poor prognosis patients (increased risk
of distant metastasis within 5 years) versus good prognosis
patients with a hazard ratio of 7.41 (95% CI 2.63–20.9)
[44]. Only 16 patients had ER-negative disease, making
generalizations to this subset difficult. In multivariate
analysis of distant metastasis free survival, the Rotterdam
76-gene signature was the only factor significantly affecting
prognosis.

There are several prognostic signatures that are less
clinically developed but are of interest. The “wound
response” gene expression signature arose from the identi-
fication of core serum response (CSR) genes that changed
expression levels when cultured fibroblasts were activated
with serum. Evaluation of the CSR genes suggested that
they represent important processes in wound healing like
matrix remodeling, cell motility and angiogenesis, all of
which are predicted to play a role in cancer invasion and
metastasis [54]. Subsequent evaluation of the expression of
these CSR genes in an external gene expression profiling
data set generated from 295 patient samples used to validate
the Amsterdam 70-gene profile indicated that patients with
tumors that expressed an activated wound response signa-
ture had a significantly decreased survival and increased
probability of distant metastasis as compared to patients

Fig. 2 Risk of distant
metastasis as a function
of Recurrence Score
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whose tumors expressed a quiescent wound response
signature [55]. In addition, multivariate analysis of metas-
tasis and death in this patient population indicated that the
wound response signature was an independent predictor of
prognosis. Genes associated with proliferation alone may
also provide prognostic information within a subset of
patients. The proliferation gene profile was derived from
the Amsterdam 70-gene dataset [11, 47], in which inves-
tigators noted that outcome heterogeneity still existed
within patient populations classified as having good and
poor outcome signatures. They found that after stratification
by ER expression and age, the expression level of a group
of 50 cell cycle-related genes predicted outcome among
those patients identified as having higher than expected ER
expression levels for their age [56]. The proliferation
signature is an example of a prognostic indicator that may
play a role in a specific patient population. Expression
levels of hypoxia-induced genes are also prognostic in early
stage breast cancer [57]. While the independent contribu-
tion of this signature is not yet clear, it may be
therapeutically relevant since we currently have no strate-
gies for selecting appropriate patients for antiangiogenic
strategies. Recent reports have focused upon the genes
associated with the putative cancer “stem cell” [58, 59],
which comprise less than 10% of the cells in breast cancer
and are highly tumorigenic. These cells are characterized by
high expression of the cell surface marker CD44, which is
implicated in cell adhesion, migration, and proliferation,
and low expression of the less well-characterized CD24.
Comparison of CD44+/CD24− cells with normal epithelial
cells identified 186 genes associated with the tumorigenic
cells, called the “invasiveness gene set” (IGS), which
appeared prognostic in both breast and other tumor types.
Examination of the 295-patient Amsterdam dataset revealed
that the IGS is prognostic independent of clinical character-
istics, and appears to be particularly so among ER-positive
or intermediate grade tumors. The IGS gene set overlapped
little with other prognostic gene sets, and its impact was
independent of the wound response signature [60].

Although the intrinsic gene subtypes described by Perou
et al. were not originally intended to function as prognostic
indicators, the subtypes correlated with prognosis in the
original population of 49 patients with relatively locally
advanced tumors who had been treated with neoadjuvant
doxorubicin on a clinical trial [4]. Patients with the Luminal
A subtype had the best prognosis as evaluated by overall
survival (OS) and relapse-free survival (RFS) followed by
Luminal B. Both the basal-like and HER2+/ER− subtypes
had the worst OS and RFS rates. Correlation of outcome
with subtype in the independent Amsterdam dataset
revealed a significantly longer time to development of
distant metastasis among patients with Luminal A tumors
compared to patients with basal-like or HER2+/ER− tumors

[6]. Similarly, in both a far larger combined dataset of 311
frozen samples of heterogeneous breast cancers and a study
using immunohistochemical proxies for the subtypes in a
population-based study of nearly 500 tumors, the associa-
tion of intrinsic subtype with prognosis remained, with the
best outcome observed among patients with Luminal A
tumors compared with the other subtypes [5, 16].

7 Comparision of prognostic profiles

In order for a new prognostic or predictive assay to be
clinically accepted it must be accurate, reproducible, and
feasible using clinical samples (a topic beyond the scope of
this manuscript) and it must perform better than existing
prognostic indicators, i.e. it has to provide better information
for clinical decision-making. As described above, there are
currently several tools, each incorporating slightly different
clinical and histopathologic variables into a prognostic
model, available to the practicing oncologist to guide breast
cancer treatment decisions. These conventional clinical-
pathologic tools are useful but sufficiently inaccurate in
predicting either good or bad outcomes such that many
patients are either undertreated or overtreated with adjuvant
therapy. Therefore, any genomic tool that could more
accurately predict those patients more or less likely to
benefit from therapy would be welcomed. In addition, now
that there are a number of genomic predictive models, the
extent to which these are independent remains in question, as
does selection of the appropriate patient population to test.

Comparison of the Amsterdam 70-gene signature with
the St. Gallen or NIH criteria reveals that the 70-gene
signature assigns more LNN patients to the low risk
prognosis group than either of the other two clinical
indicators: 40% versus 15% versus 7% respectively [47].
Those patients identified as low risk by the 70-gene profile
had a higher likelihood of metastasis-free survival than
those identified as low risk by the other two methods,
thereby indicating that use of the Amsterdam signature
could still identify those patients with high risk disease
while resulting in fewer patients being inappropriately
treated. Comparison of the Amsterdam 70-gene signature
to the Adjuvant! Online risk assessment also confirmed the
added benefit of the 70-gene profile to clinical risk
assessment. The additional benefit of this and similar
genomic tools over conventional clinical-pathologic criteria
is still an area of some controversy [61]. The Rotterdam 76-
gene signature also appears to be superior to both the St.
Gallen and NIH consensus criteria with respect to being
able to identify those patients with high risk disease while
reducing the numbers of patients with LNN disease
unnecessarily exposed to the toxicity of adjuvant systemic
therapy [44, 53]. More specifically, 40% of patients
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classified as average or high risk patients by St. Gallen and
41% of patients classified as average or high risk by NIH
would have been reclassified accurately as low risk using
the 76-gene signature [44]. As this analysis suggests, these
molecular profiling prognosticators will likely provide the
most impact when applied in conjunction with clinical
prognostic variables rather than instead of clinical variables.

While it appears as if at least some of the gene expression
profiling prognostic indicators in development may be
superior to those that rely solely on clinical and histopatho-
logic variables, it is unclear how the different gene expression
profiling tools compare to one another in terms of their ability
to predict clinical outcome. A direct comparison of the
Amsterdam 70-gene signature, the Recurrence Score, the
wound response profile and the intrinsic subtype classification
across a single data set indicated that all four models were
highly concordant with respect to their ability to predict
prognosis (Table 2). Specifically, those tumors classified into
known biologically distinct intrinsic subtypes with poor
prognosis, i.e. basal-like, HER2+/ER− or Luminal B, were
also classified as having a poor Amsterdam 70-gene profile,
an activated wound response signature and a high Recur-
rence Score [5, 62]. This is in keeping with previous
comparisons of the Amsterdam 70-gene signature, the
wound response profile and the intrinsic subtype classifica-
tions [55]. The most interesting observation to be made from
the concordance of the different gene expression profile
prognostic indicators with respect to predicting clinical
outcome is that there is little gene overlap between the
various tools, i.e. they have few genes in common among all

of them [62]. This argues that the ability to predict clinical
outcome is not related to the expression of a specific and
unique set of breast cancer-promoting genes, but that there
are a multitude of genes or gene sets within important
pathways that can serve as correlates for the biological
processes driving these tumors [63].

8 Molecular profiling to predict treatment response

The holy grail of molecular profiling in cancer is the ability
to provide individualized treatment plans to each patient so
that all patients gain maximal therapeutic benefit with
minimal toxicity. This use of genomic techniques is far less
advanced than prognostic applications, but is a topic of
great interest and rapid evolution. The first indication that
molecular profiling could predict chemosensitivity came from
gene expression profiling experiments in cell culture lines
where cell lines were classified as sensitive or resistant to a
specific compound. Gene expression profiles were developed
and asked to predict the sensitivity or resistant of a given cell
line to that specific compound. Evaluation of 60 cell lines and
232 compounds revealed that 88 of 232 (38%) of profiles
could accurately predict sensitivity or resistance to a given
compound while only 12 of 232 (5%) of such profiles would
be predicted to do so if the profiles were created by chance
[64]. These data suggested that gene expression profiles
differed between cells that were sensitive or resistant to a
given compound, and that evaluation of these differences
might be used in a predictive way.

Table 2 Correlation of prognostic indicators [62]

Intrinsic subtype No. of patients Recurrence score 70 gene profile Wound response

Classification No. of patients Classification No. of patients Classification No. of patients

Basal-like 53 Low 0 (0%) Good 0 (0%) Quiescent 3 (6%)
Intermediate 0 (0%)
High 53 (100%) Poor 53 (100%) Activated 50 (94%)

Luminal A 123 Low 62 (50%) Good 87 (71%) Quiescent 45 (37%)
Intermediate 25 (20%)
High 36 (29%) Poor 36 (29%) Activated 78 (63%)

Luminal B 55 Low 1 (2%) Good 9 (16%) Quiescent 4 (7%)
Intermediate 4 (7%)
High 50 (91%) Poor 46 (84%) Activated 51 (93%)

HER2+/ER− 35 Low 0 (0%) Good 3 (9%) Quiescent 0 (0%)
Intermediate 0 (0%)
High 35 (100%) Poor 32 (91%) Activated 35 (100%)

Normal-like 29 Low 7 (24%) Good 16 (55%) Quiescent 15 (52%)
Intermediate 4 (14%)
High 18 (62%) Poor 13 (45%) Activated 14 (48%)

Fan et al. [62]
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To bring similar approaches into the clinical arena, gene
expression profiling of tumor samples before and after
treatment and correlation of those profiles with clinical
outcome is critical. The best way to do this in breast cancer
is to evaluate tumor samples from patients treated in either
the metastatic or neoadjuvant setting, with either single
agent or multi-agent therapeutic regimens. Given the
toxicity of chemotherapy, much initial focus has been on
individualizing this form of therapy, although similar efforts
for endocrine and biologic therapy are also underway. In
the first line treatment setting, there are two classes of
agents that serve as the backbone of the majority of
chemotherapeutic regimens: anthracyclines and taxanes.
Accordingly the majority of the published scientific data
has focused on predicting chemosensitivity of breast
cancers to these types of agents.

Support of the observation that gene expression profiles
can predict chemotherapy sensitivity comes from attempts
to use the 21-gene Recurrence Score to predict chemother-
apy benefit in patients treated with a multi-agent chemo-
therapy regimen. As might have been predicted by the
influence of proliferative and HER2 genes, the RS
correlates with the probability of pathologic complete
response (pCR) in patients treated with an anthracycline/
taxane neoadjuvant regimen [51]. In NSABP B-20, a
randomized study of tamoxifen with or without MF or
CMF chemotherapy in LNN, hormone receptor-positive
patients, those patients with high risk Recurrence Scores
(RS≥31) not only had a higher likelihood of relapse despite
endocrine therapy, but also derived a larger benefit from
adjuvant chemotherapy (mean absolute decrease in distant
recurrence rate at 10 yrs of 28%) compared to those with
low risk Recurrence Scores (RS<18) who received minimal
benefit from adjuvant chemotherapy (mean absolute de-
crease in distant recurrence rate at 10 yrs of −1%) [52].
Like the Recurrence Score, the intrinsic subtypes have also
been correlated with pCR after treatment with an anthracy-
cline/taxane regimen in the neoadjuvant setting. Paradoxi-
cally, in spite of the poor prognosis associated with the
basal-like and HER2+/ER− subtypes, both of these tumor
subtypes demonstrate increased rates of pCR as compared
to Luminal A tumors when treated with neoadjuvant
chemotherapy [65, 66]. This fits with the finding that ER
negative disease appears to benefit more from chemother-
apy advances [67] and may reflect the lack of non-
chemotherapy adjuvant options historically available for
ER-negative disease.

A number of efforts at identifying gene sets predictive of
chemotherapy response have been published [68–75]. For
example, three distinct gene sets predicting tumor response
to single agent docetaxel have been described. Two were
developed from supervised gene expression profile analysis
of patient material obtained before and after treatment with

single agent neoadjuvant docetaxel, where tumors were
classified as sensitive or resistant based on the percentage
of residual tumor after treatment. In one series of experi-
ments, an 85-gene signature was able to predict clinical
response with a prediction accuracy of 80% [74]. Func-
tional analysis of the 85 gene set revealed that tumors
isolated from nonresponders exhibited elevated expression
of genes controlling the cellular redox environment, thereby
suggesting that the use of drugs inhibiting redox could
convert docetaxel-resistant tumors to docetaxel-sensitive
tumors. Another study identified an alternative 92-gene
signature with a prediction accuracy of 88% [69]. In a
subsequent study by the same group, comparison of the
gene expression profiles of all tumors after docetaxel
treatment (regardless of whether they were classified as
sensitive or resistant), revealed that the profiles of tumors
subjected to the selection pressure of docetaxel were
relatively homogeneous. This observation suggested that
those tumors originally sensitive to docetaxel may have
developed resistance to the drug or led to selection of a
resistant clone as evidenced by convergence of the gene
expression profiles of sensitive and resistant tumors [70]. A
third 50-gene predictor of docetaxel sensitivity was devel-
oped from gene expression profile analysis of sensitive
versus resistant cancer cell lines in vitro and shown to have
a prediction accuracy of 91.6% when used to identify
patients who responded to docetaxel in vivo [75]. A
practical approach to developing a gene profile predicting
sensitivity to an entire regimen was taken by another group
[68], who identified a 74 marker profile. While these
molecular profiles provide interesting information about
sensitivity to commonly used breast cancer drugs, all of
these assays require further validation, and caution is
reinforced when noting that while these appear to be
similar studies, they included different tumor sizes, patient
populations and different methodologies, and confounding
by varying proportions of tumor and stroma can impact
results [76]. The ability to identify predictive profiles in
these typically small neoadjuvant studies is controversial
[73]. It must also be noted that for assays used in clinical
decision-making, even 10–20% inaccuracy is often unac-
ceptable. These studies were performed in unselected breast
cancers; it is also possible that different subtypes of breast
cancer respond differently to cytotoxic chemotherapy [77]
so predictive profiles, like prognostic profiles, may differ
among populations.

Not only is gene expression profiling promising for
predicting sensitivity to chemotherapy, it has also been used
to predict sensitivity to endocrine therapies like tamoxifen.
Although current histopathologic evaluation of breast
cancer tumors involves determination of ER status which,
in general, correlates with response to endocrine therapy, a
large percentage of patients with ER+ disease will display
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de novo resistance to endocrine therapy or will develop
resistance over time. As mentioned above, within the
appropriate patient population, the RS identifies those most
likely to develop distant metastases despite adjuvant
tamoxifen [46].Unsupervised gene expression profiling
analysis of microarrays created from ER-positive tumors
has also revealed a 44-gene signature that correlated with
tamoxifen resistance in 77% of patients. Clinical ER status
correctly predicts response to tamoxifen in only 50–60% of
patients [78]. This tamoxifen resistance profile is undergo-
ing independent validation. Not surprisingly, functional
analysis of the gene signature revealed a large number of
genes known to be regulated by estrogen, although genes
involved in apoptosis and extracellular matrix remodeling
were also detected.

9 Conclusions

– Breast cancer is a biologically heterogeneous entity.
– Four intrinsic subtypes of breast cancer have been
identified based on differences in patterns of gene
expression.

– Several prognostic indicators including the Amster-
dam 70-gene profile (Mammaprint®) and Recurrence
score (Oncotype Dx™) have been developed from
gene signature sets and are in clinical trials.

– Both the intrinsic subtypes and prognostic indicators
are being evaluated for their ability to predict
metastasis and provide for individualized therapy.

10 Key unanswered questions

& How many breast cancer subtypes are there? There may
be subtypes not yet identified, or subtypes within the
major subtypes that have clinical implications, particu-
larly for efficacy of targeted therapy.

& Do prognostic profiles work better in one subtype or
population than another? The Recurrence Score has
been validated in node-negative, hormone receptor-
positive tumors treated with adjuvant endocrine therapy,
the 70-gene and 76-gene prognosticators in node-
negative disease. Do these work equally in more
expanded populations, and can we identify node-
positive breast cancers that do not benefit from
chemotherapy, or node-negative breast cancers that do
not require any systemic therapy at all?

& Are the site-specific metastatic signatures identified in
recent studies real? If so, what does it mean for our
ability to predict the risk/benefit of site-specific adju-
vant therapies such as bisphosphonates?

& Can analysis of the genes identified in these molecular
profiles provide new targets for future therapeutic
intervention?

References

1. Ransohoff DF. Bias as a threat to the validity of cancer molecular-
marker research. Nat Rev Cancer 2005;5:142–9.

2. Simon R, Radmacher MD, Dobbin K, McShane, LM. Pitfalls in
the use of DNA microarray data for diagnostic and prognostic
classification. J Natl Cancer Inst 2003;95:14–8.

3. Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees
CA, et al. Molecular portraits of human breast tumours. Nature
2000;406:747–52.

4. Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H,
et al. Gene expression patterns of breast carcinomas distinguish
tumor subclasses with clinical implications. Proc Natl Acad Sci
U S A 2001;98:10869–74.

5. Hu Z, Fan C, Oh DS, Marron JS, He X, Qaqish BF, et al. The
molecular portraits of breast tumors are conserved across micro-
array platforms. BMC Genomics 2006;7:96.

6. Sorlie T, Tibshirani R, Parker J, Hastie T, Marron JS, Nobel A,
et al: Repeated observation of breast tumor subtypes in independent
gene expression data sets. Proc Natl Acad Sci U S A 2003;
100:8418–23.

7. Ross DT, Perou CM. A comparison of gene expression signatures
from breast tumors and breast tissue derived cell lines. Dis
Markers 2001;17:99–109.

8. Sotiriou C, Neo SY, McShane LM, Korn L, ong PM, Jazaeri A,
et al. Breast cancer classification and prognosis based on gene
expression profiles from a population-based study. Proc Natl
Acad Sci U S A 2003;100:10393–8.

9. Yu K, Lee CH, Tan PH, Tan P. Conservation of breast cancer
molecular subtypes and transcriptional patterns of tumor progres-
sion across distinct ethnic populations. Clin Cancer Res
2004;10:5508–17.

10. Sorlie T, Wang Y, Xiao C, Johnsen H, Naume B, Samaha RR, et al.
Distinct molecular mechanisms underlying clinically relevant
subtypes of breast cancer: gene expression analyses across three
different platforms. BMC Genomics 2006;7:127.

11. van ’t Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao
M, et al. Gene expression profiling predicts clinical outcome of
breast cancer. Nature 2002;415:530–6.

12. West M, Blanchette C, Dressman H, Huang E, Ishida S, Spang R,
et al. Predicting the clinical status of human breast cancer by using
gene expression profiles. Proc Natl Acad Sci U S A
2001;98:11462–7.

13. Zhao H, Langerod A, Ji Y, Nowels KW, Nesland JM, Tibshirani
R, et al. Different gene expression patterns in invasive lobular
and ductal carcinomas of the breast. Mol Biol Cell 2004;15:
2523–36.

14. Korkola JE, DeVries S, Fridlyand J, Estep AL, Chen YY, ChewKL,
et al. Differentiation of lobular versus ductal breast carcinomas by
expression microarray analysis. Cancer Res 2003;63:7167–75.

15. Stange DE, Radlwimmer B, Schubert F, Traub F, Pich A, Toedt G,
et al. High-resolution genomic profiling reveals association of
chromosomal aberrations on 1q and 16p with histologic and
genetic subgroups of invasive breast cancer. Clin Cancer Res
2006;12:345–52.

16. Carey LA, Perou CM, Livasy CA, Dressler LG, Croan D, Conway
K, et al. Race, breast cancer subtypes, and survival in the Carolina
Breast Cancer Study. JAMA 2006;295:2492–502.

196 Rev Endocr Metab Disord (2007) 8:185–198



17. Bertucci F, Finetti P, Rougemont J, Charafe-Jauffret E, cervera N,
Tarpin C, et al. Gene expression profiling identifies molecular
subtypes of inflammatory breast cancer. Cancer Res 2005;
65:2170–8.

18. Charafe-Jauffret E, Tarpin C, Bardou VJ, Bertucci F, Ginestier C,
Braud AC, et al. Immunophenotypic analysis of inflammatory
breast cancers: identification of an ‘inflammatory signature.’ J
Pathol 2004;202:265–73.

19. Van Laere S, Van der Auwera I, Van den Eynden GG, Fox SB,
Bianchi F, Harris AL, et al. Distinct molecular signature of
inflammatory breast cancer by cDNA microarray analysis. Breast
Cancer Res Treat 2005;93:237–46.

20. Pathology of familial breast cancer: differences between breast
cancers in carriers of BRCA1 or BRCA2 mutations and sporadic
cases. Breast Cancer Linkage Consortium. Lancet 1997;349:1505–10.

21. Eisinger F, Jacquemier J, Charpin C, Stoppa-Lyonnet D, Bressac-
de-Paillerets B, Peyrat JP, et al. Mutations at BRCA1: the medullary
breast carcinoma revisited. Cancer Res 1998;58:1588–92.

22. Lakhani SR, Jacquemier J, Sloane JP, Gusterson BA, Anderson
TJ, van de Vijver, et al. Multifactorial analysis of differences
between sporadic breast cancers and cancers involving BRCA1
and BRCA2 mutations. J Natl Cancer Inst 1998;90:1138–45.

23. Jacquemier J, Padovani L, Rabayrol L, Lakhani SR, Penault-
Llorca F, Denoux Y, et al. Typical medullary breast carcinomas
have a basal/myoepithelial phenotype. J Pathol 2005;207:260–8.

24. Bertucci F, Finetti P, Cervera N, Charafe-Jauffret E, Mamessier E,
Adelaide J, et al. Gene expression profiling shows medullary
breast cancer is a subgroup of basal breast cancers. Cancer Res
2006;66:4636–44.

25. Farmer P, Bonnefoi H, Becette V, Tubiana-Hulin M, Fumolean
P, Larsimont D, et al. Identification of molecular apocrine
breast tumours by microarray analysis. Oncogene 2005;24:
4660–71.

26. Doane AS, Danso M, Lal P, Donaton M, Zhang L, Hudis C, et al.
An estrogen receptor-negative breast cancer subset characterized
by a hormonally regulated transcriptional program and response to
androgen. Oncogene 2006;25:3994–4008.

27. Hannemann J, Velds A, Halfwerk JB, Kreike B, Petersen JL,
van de Vijver MJ. Classification of ductal carcinoma in situ by
gene expression profiling. Breast Cancer Res 2006;8:R61.

28. Schuetz CS, Bonin M, Clare SE, Nieselt K, Sotlar K, Walter M,
et al. Progression-specific genes identified by expression profiling
of matched ductal carcinomas in situ and invasive breast tumors,
combining laser capture microdissection and oligonucleotide
microarray analysis. Cancer Res 2006;66:5278–86.

29. Huang E, Cheng SH, Dressman H, Pittman J, Tsou MH, Horng
CF, et al. Gene expression predictors of breast cancer outcomes.
Lancet 2003;361:1590–6.

30. Woelfle U, Cloos J, Sauter G, Riethdorf L, Janicke F, van Diest P,
et al. Molecular signature associated with bone marrow micro-
metastasis in human breast cancer. Cancer Res 2003;63:5679–84.

31. Minn AJ, Gupta GP, Siegel PM, Bos PD, Shu W, Giri DD, et al.
Genes that mediate breast cancer metastasis to lung. Nature
2005;436:518–24.

32. Ramaswamy S, Ross KN, Lander ES, Golub TR. A molecular
signature of metastasis in primary solid tumors. Nat Genet
2003;33:49–54.

33. Weigelt B, Hu Z, He X, Livasy C, Carey LA, Ewend MG, et al.
Molecular portraits and 70-gene prognosis signature are preserved
throughout the metastatic process of breast cancer. Cancer Res
2005;65:9155–8.

34. Weigelt B, Wessels LF, Bosma AJ, Glas AM, Nuyten DS, He YD,
et al. No common denominator for breast cancer lymph node
metastasis. Br J Cancer 2005;93:924–32.

35. Chlebowski RT, Chen Z, Anderson GL, Rohan T, Aragaki A,
Lane D, et al. Ethnicity and breast cancer: factors influencing

differences in incidence and outcome. J Natl Cancer Inst
2005;97:439–48.

36. Foulkes WD, Stefansson IM, Chappuis PO, Begin LR, Goffin JR,
Wong N, et al. Germline BRCA1 mutations and a basal epithelial
phenotype in breast cancer. J Natl Cancer Inst 2003;95:1482–5.

37. Olopade OI, Grushko T. Gene-expression profiles in hereditary
breast cancer. N Engl J Med 2001;344:2028–9.

38. Foulkes WD, Brunet JS, Stefansson IM, Straume O, Chappnis PO,
Begin LR, et al. The prognostic implication of the basal-like (cyclin E
high/p27 low/p53+/glomeruloid-microvascular-proliferation+) phe-
notype of BRCA1-related breast cancer. Cancer Res 2004;64:830–5.

39. Olivotto IA, Bajdik CD, Ravdin PM, Speers CH, Coldman AJ,
Norris BO, et al. Population-based validation of the prognostic
model ADJUVANT! for early breast cancer. J Clin Oncol
2005;23:2716–25.

40. Galea MH, Blamey RW, Elston CE, Ellis IO. The Nottingham
Prognostic Index in primary breast cancer. Breast Cancer Res
Treat 1992;22:207–19.

41. Goldhirsch A, Wood WC, Gelber RD, Coates AS, Thurlimann B,
Senn HJ. Meeting highlights: updated international expert
consensus on the primary therapy of early breast cancer. J Clin
Oncol 2003;21:3357–65.

42. Eifel P, Axelson JA, Costa J, Crowley J, Curran WJ, Deshler A,
et al. National Institutes of Health Consensus Development
Conference Statement: adjuvant therapy for breast cancer, Novem-
ber 1–3, 2000. J Natl Cancer Inst 2001;93:979–89.

43. Ahr A, Karn T, Solbach C, Seiter T, Strebhardt K, Holtrich U, et al.
Identification of high risk breast-cancer patients by gene expression
profiling. Lancet 2002;359:131–2.

44. Foekens JA, Atkins D, Zhang Y, Sweep FC, Harbeck N, Paradiso
A, et al. Multicenter validation of a gene expression-based
prognostic signature in lymph node-negative primary breast
cancer. J Clin Oncol 2006;24:1665–71.

45. Ma XJ, Wang Z, Ryan PD, Isakoff SJ, Barmettler A, Fuller A, et
al. A two-gene expression ratio predicts clinical outcome in breast
cancer patients treated with tamoxifen. Cancer Cell 2004;5:607–
16.

46. Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, et al. A
multigene assay to predict recurrence of tamoxifen-treated, node-
negative breast cancer. N Engl J Med 2004;351:2817–26.

47. van de Vijver MJ, He YD, van’t Veer LJ, Dai H, Hart AA, Voskuil
DW, et al. A gene-expression signature as a predictor of survival
in breast cancer. N Engl J Med 2002;347:1999–2009.

48. Iwao K, Matoba R, Ueno N, Ando A,Miyoshi Y, Matsubara K, et al.
Molecular classification of primary breast tumors possessing distinct
prognostic properties. Hum Mol Genet 2002;11:199–206.

49. Buyse M, Loi S, van’t Veer L, Viale G, Delorenzi M, Glas AM,
et al. Validation and clinical utility of a 70-gene prognostic
signature for women with node-negative breast cancer. J Natl
Cancer Inst 2006;98:1183–92.

50. Habel LA, Quesenberry CP, Jacobs M, Greenberg D, Fehrenbacher
L, Alexander C, et al. Gene expression and breast cancer mortality
in Northern California Kaiser Permanente Patients: a large
population-based case control study. J Clin Oncol 2005 ASCO
Annual Meeting Proceedings 2005;23:603.

51. Gianni L, Zambetti M, Clark K, Baker J, Cronin M, Wu J, et al.
Gene expression profiles in paraffin-embedded core biopsy tissue
predict response to chemotherapy in women with locally
advanced breast cancer. J Clin Oncol 2005;23:7265–77.

52. Paik S, Tang G, Shak S, Kim C, Baker J, Kim W, et al. Gene
expression and benefit of chemotherapy in women with node-
negative, estrogen receptor-positive breast cancer. J Clin Oncol
2006;24:3726–34.

53. Wang Y, Klijn JG, Zhang Y, Sieuwerts AM, LookMP, Yang F, et al.
Gene-expression profiles to predict distant metastasis of lymph-
node-negative primary breast cancer. Lancet 2005;365:671–9.

Rev Endocr Metab Disord (2007) 8:185–198 197



54. Chang HY, Sneddon JB, Alizadeh AA, Sood R, West RB,
Montgomery K, et al. Gene expression signature of fibroblast
serum response predicts human cancer progression: similarities
between tumors and wounds. PLoS Biol 2004;2:E7.

55. Chang HY, Nuyten DS, Sneddon JB, Hastie T, Tibshitani R, Sorlie
T, et al. Robustness, scalability, and integration of a wound-
response gene expression signature in predicting breast cancer
survival. Proc Natl Acad Sci U S A 2005;102:3738–43.

56. Dai H, van’t Veer L, Lamb J, He YD, Mao M, Fine BM, et al. A
cell proliferation signature is a marker of extremely poor outcome
in a subpopulation of breast cancer patients. Cancer Res
2005;65:4059–66.

57. Chi JT, Wang Z, Nuyten DS, Rodriguez EH, Schaner ME, Salim
H, et al. Gene expression programs in response to hypoxia: cell
type specificity and prognostic significance in human cancers.
PLoS Med 2006;3:e47.

58. Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ, Clarke
MF. Prospective identification of tumorigenic breast cancer cells.
Proc Natl Acad Sci U S A 2003;100:3983–8.

59. Ponti D, Costa A, Zaffaroni N, Pratesi G. Petrangolini G, Coradini
D, et al. Isolation and in vitro propagation of tumorigenic breast
cancer cells with stem/progenitor cell properties. Cancer Res
2005;65:5506–11.

60. Liu R, Wang X, Chen GY, Dalerba P, Gurney A, Hoey T, et al.
The prognostic role of a gene signature from tumorigenic breast-
cancer cells. N Engl J Med 2007;356:217–26.

61. Eden P, Ritz C, Rose C, Ferno M, Peterson C. “Good Old” clinical
markers have similar power in breast cancer prognosis as micro-
array gene expression profilers. Eur J Cancer 2004;40:1837–41.

62. Fan C, Oh DS, Wessels L, Weigelt B, Nuyten DS, Nobel AB, et al.
Concordance among gene-expression-based predictors for breast
cancer. N Engl J Med 2006;355:560–9.

63. Ein-Dor L, Kela I, Getz G, Givol D, Domany E. Outcome
signature genes in breast cancer: is there a unique set? Bio-
informatics 2005;21:171–8.

64. Staunton JE, Slonim DK, Coller HA, Tamayo P, Angelo MJ, Park
J, et al. Chemosensitivity prediction by transcriptional profiling.
Proc Natl Acad Sci U S A 2001;98:10787–92.

65. Carey LA, Dees EC, Sawyer LR, et al. The triple negative
paradox: primary tumor chemosensitivity of the basal-like breast
cancer phenotype. Clin Cancer Res in press.

66. Rouzier R, Perou CM, Symmans WF, Cristofanilli M, Anderson K,
Hess KR, et al. Breast cancer molecular subtypes respond differently
to preoperative chemotherapy. Clin Cancer Res 2005;11:5678–85.

67. Berry DA, Cirrincione C, Henderson IC, Citron ML, Budman DR,

Goldstein LJ, et al. Estrogen-receptor status and outcomes of
modern chemotherapy for patients with node-positive breast
cancer. JAMA 2006;295:1658–67.

68. Ayers M, Symmans WF, Stec J, Damokosh AI, Clark E, Hess K,
et al. Gene expression profiles predict complete pathologic
response to neoadjuvant paclitaxel and fluorouracil, doxorubicin,
and cyclophosphamide chemotherapy in breast cancer. J Clin
Oncol 2004;22:2284–93.

69. Chang JC, Wooten EC, Tsimelzon A, Hilsenbeck SG, Gutierrez
MC, Elledge R, et al. Gene expression profiling for the prediction
of therapeutic response to docetaxel in patients with breast cancer.
Lancet 2003;362:362–9.

70. Chang JC, Wooten EC, Tsimelzon A, Hilsenbeck SG, Gutierrez
MC, Tham YL, et al. Patterns of resistance and incomplete
response to docetaxel by gene expression profiling in breast
cancer patients. J Clin Oncol 2005;23:1169–77.

71. Cleator S, Tsimelzon A, Ashworth A, Dowsert M, Dexter T,
Powles T. Gene expression patterns for doxorubicin (Adriamycin)
and cyclophosphamide (cytoxan) (AC) response and resistance.
Breast Cancer Res Treat 2006;95:229–33.

72. Folgueira MA, Carraro DM, Brentani H, Patrao DF, Barbosa EM,
Netto MM, et al. Gene expression profile associated with response
to doxorubicin-based therapy in breast cancer. Clin Cancer Res
2005;11:7434–43.

73. Hannemann J, Oosterkamp HM, Bosch CA, Velds A, Wessels LF,
Loo C, et al. Changes in gene expression associated with response
to neoadjuvant chemotherapy in breast cancer. J Clin Oncol
2005;23:3331–42.

74. Iwao-Koizumi K, Matoba R, Ueno N, Kim SJ, Ando A, Miyoshi
Y, et al. Prediction of docetaxel response in human breast cancer
by gene expression profiling. J Clin Oncol 2005;23:422–31.

75. Potti A, Dressman HK, Bild A, Riedel RF, Chan G, Sayer R, et al.
Genomic signatures to guide the use of chemotherapeutics. Nat
Med 2006;12:1294–300.

76. Cleator SJ, Powles TJ, Dexter T, Fulford L, Mackay A, Smith Ie,
et al. The effect of the stromal component of breast tumours on
prediction of clinical outcome using gene expression microarray
analysis. Breast Cancer Res 2006;8:R32.

77. Troester MA, Hoadley KA, Sorlie T, Herbert BS, Borresen-Dale
AL, Lonning PE, et al. Cell-type-specific responses to chemo-
therapeutics in breast cancer. Cancer Res 2004;64:4218–26.

78. Jansen MP, Foekens JA, van Staveren IL, Dirkzwager-Kiel MM,
Ritstier K, Look MP, et al. Molecular classification of tamoxifen-
resistant breast carcinomas by gene expression profiling. J Clin
Oncol 2005;23:732–40.

198 Rev Endocr Metab Disord (2007) 8:185–198


	Molecular profiling in breast cancer
	Abstract
	Introduction
	What is molecular profiling?
	Breast cancer intrinsic subtypes
	Breast cancer subtypes, biology, and histology
	Clinical characteristics and breast cancer subtypes
	Prognostic profiles
	Comparision of prognostic profiles
	Molecular profiling to predict treatment response
	Conclusions
	Key unanswered questions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


