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findings may be pertinent for Mexican patients and require evaluation in other ethnic groups and populations.

Online address: hitp://www.molmed.org
doi: 10.2119/molmed.2016.00257

*SKS-F and SC-H should be considered as co-first authors, as both contributed equally to
this manuscript.

Address correspondence to Rocio Ortiz-Lopez, Tecnologico de Monterrey, Escuela
Nacional de Medicina. CITES 3er Piso. Av. |. Morones Prieto 3000 Poniente. Los Doctores.
64710 Monterrey, N.L. MEXICO. Telephone: + 52 81 8888 2000. Email: rortizi@itesm.mx
Submitted December 17, 2016; Accepted for Publication April 17, 2017, Published Online
(www.molmed.org) May 4, 2017.

s
AAR . . .
YT Feinstein Institute

for Medical Research
Northwell Health~

MOL MED 23:101-111, 2017 | SANTUARIO-FACIO ET AL. | 101



GENE SIGNATURE OF TRIPLE NEGATIVE BREAST CANCER

INTRODUCTION

Triple-negative breast cancer (TNBC)
is a breast cancer (BC) subtype character-
ized by aggressive behavior (1,2), a char-
acteristic immunohistochemistry (IHC)
with negative pattern for estrogen (ER)
and progesterone (PR) receptors and
human epidermal growth factor receptor
2 (HER2). Since TNBC lacks targeted
therapies, treatment options are limited
to nonselected chemotherapy (3). These
tumors represent 12-17% of all BCs, and
predominantly affect premenopausal
women (<50 years). It is recognized
that TNBC is more frequent in African
American and Hispanic women belong-
ing to low-income groups with increased
hormonal exposure and obesity (4,5).
These characteristics merge as potential
etiologic factors influencing the tumor’s
nature.

Mexico is a country with a high prev-
alence of obesity, where women 40-59
years old have an average body mass
index (BMI) >30 kg/ m? (6). The BC rate
in Mexico is also increasing, becoming
the primary cause of diagnosed cancer
nowadays (7,8). The association between
obesity and the risk of BC in postmeno-
pausal women has been consistently ob-
served in epidemiological studies (9,10).
Regardless, most studies of premeno-
pausal women have not found a similar
relationship between BC and obesity.
The prognosis for obese pre- and post-
menopausal BC patients is substantially
worse. Increasing evidence suggests
that such associations may be related to
sex hormones, insulin, and certain adi-
pokines (10,11). Most of the studies have
evaluated European-American Cauca-
sian women. Investigations in African
American and Hispanic women with BC
are particularly important due to higher
TNBC prevalence and health disparities
in these groups.

General BC gene expression profiles
have been useful to investigate tumor
profiles and to define prognosis and
therapy. These studies have discovered
genes associated with different tumor
subtypes and their outcomes (12,13).
Several gene expression profile analyses

have also been proposed for TNBC
to identify biomarkers and targets for
personalized therapy (2,14-17). Despite
some progress, large heterogeneity in the
gene profiles has been noticed in studies
for TNBC, and there is a lack of a useful
gene signature for this tumor subtype
(1,14,17-21).

The purpose of the study was to define
a distinctive gene signature for TNBC
using a homogeneous population from
northeastern Mexico, which will be use-
ful in characterizing biological pathways
involved in TNBC. To our knowledge,
this is the first report describing a differ-
ential gene signature for TNBC.

MATERIALS AND METHODS

Patient Population and Tumor Tissue
Samples

The study was approved by the
Ethics Committee of the Universidad
Autonoma de Nuevo Leon (No. BI11-005),
in accordance with the Declaration of
Helsinki. Informed written consent was
obtained from all patients participating
in this study. A total of 149 biopsy sam-
ples were collected prospectively (from
July 2011 to October 2014), with suspi-
cious diagnosis (clinical, radiological, or
both) of BC (tumor >2 cm, palpable ipsi-
lateral lymph nodes, or ulceration). Out
of 149 collected biopsies, 29 were patho-
logically diagnosed as TNBC (19.5%). In
all, 27 TNBC samples were selected for
inclusion in this study based on whole
RNA quantity and quality. An additional
27 samples diagnosed as nTNBC were
paired to the TNBC samples per clinical
stage and were used in the expression
profile analysis comparing TNBC versus
nTNBC. The study design is illustrated
in Figure 1.

Tumor Sample Collection and RNA
Isolation

Ultrasound-guided core biopsies were
obtained using a 12 Fr gauge biopsy
needle (Bard®). Six to eight core samples
were obtained from each patient. Four
core samples were used for histopatho-
logical analysis, including hematoxylin
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and eosin and IHC (PR/ER/HER?2, Ki67,
and p63). Two or three core samples
were preserved in RNAlater solution for
gene expression analysis (microarrays
and quantitative polymerase chain
reaction [qPCR] validation).

RNA extraction from biopsies was
done using RNeasy Fibrous Tissue Mini
Kit (Qiagen, Germantown, MD, USA),
which allowed for obtaining high-quality
RNA in small tissue biopsies. RNA qual-
ity was assessed by capillary electropho-
resis using the Experion™ Automated
Electrophoresis Station (Bio-Rad, Hercu-
les, CA, USA). RNA concentration was
determined by NanoDrop spectropho-
tometer (Thermo Scientific, Wilmington,
DE, USA).

Microarrays Analysis (Expression
Profiles)

From the selected RNA, sample pro-
cessing, microarray hybridization, and
gene expression analysis were conducted
using the GeneChip 3' IVT Express Kit
(Affymetrix, Santa Clara, CA, USA). The
hybridization mixture was prepared and
applied to the GeneChip Human Genome
U133 Plus 2.0 Array (Affymetrix), mea-
suring >43,000 transcripts representing
>20,000 human genes. Washing and
scanning processes were realized in
the Fluidics Station 400 and GeneChip
Scanner 3000 7G, respectively, and pre-
liminary data analysis was completed
using Microarray Suite software version
5.0.0.032.

Microarray Data Processing

Normalization was performed using
robust microarray analysis and quantile
normalization. Four samples showed
poor quality in microarray data and were
removed from the analysis. The analysis
was performed using 50 patients. Probes
whose mean expression (log scale) was
<4 (in logarithm scale resulting from ro-
bust microarray analysis) were removed.
Molecular classification was done using
the PAMSO0 algorithm (22).

Gene expression signature between
25 TNBC and 25 nTNBC was performed
using t test and Kolmogorov test, with a
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Figure 1. Study design. This diagram shows sampling and workflow of experiments and

analysis of data.

multiple comparison correction using the
false discovery rate (FDR) method (23).
We considered as positive those probes
having significant p values in both tests
(FDR t and Kolmogorov test <0.05%).
These analyses were performed in R
software package (24).

Signature Validation on the Cancer
Genome Atlas Database

The Cancer Genome Atlas Database
(TCGA) (http://cancergenome.nih.
gov/.), located at SurvExpress (25),
contains clinical and genetic informa-
tion on 17,814 genes in 534 tissue sam-
ples. This database was used to com-
pare TNBC versus nTNBC expression
profiles and to evaluate the matching
with the 40 gene expression signatures
found in our study. Statistical analysis
was replicated in TCGA to compare
profiles between TNBC and nTNBC pa-
tients from this study. All TCGA data
and figures were accessed, analyzed,
and generated using R language. All
TCGA data included in this manu-
script agree with the TCGA publication
guidelines.

Gene Network

An analysis of gene network was
generated using GeneMANIA (http://
www.genemania.org/) (26) to find a
relationship between genes of our signa-
ture. GeneMANIA used a very large set
of functional association data, including
protein and genetic interactions, path-
ways, coexpression, colocalization, and
protein domain similarity.

Real-Time qPCR Validation

To validate microarray data, seven
genes were selected: six overexpressed
(HMGA1, ANKRD11, BCL11A, FOXC1,
LPIN1, and UGTS8) and one underex-
pressed (ANXA9). Expression analysis of
these genes, including one endogenous
control (GRAMDI1A), was assessed using
predesigned hydrolysis probes (HMGAI:

Hs.PT.58.38699366; FOXC1: Hs00559473_

s1; LPIN1: Hs00299515_m1; UGTS:
Hs00409961_m1; ANKRD1: Hs00946580_
m1; BCL11A: Hs01093197_m1; ANXA9:
Hs.PT.58.1414783; and GRAMD1A:
Hs.PT.5840681431) (Thermo-Fisher Scien-
tific and IDT). Total RNA samples used
for microarrays assays were analyzed by
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qPCR using the Lightcycler 480 instrument
(Roche). Ct mean for each gene was used
for dCt (problem minus endogenous).
The 2 analysis was done using cal-
culated dCt for all genes. To compare
gene expression of TNBC versus nTNBC
groups, the relative expression 29 was
evaluated from qPCR data of all genes
(HMGA1, ANKRD11, BCL11A, FOXC1,
LPIN1, UGTS, and ANXA9) after normal-
ization with GRAMDIA. Two sample
Kolmogorov-Smirnov tests were used

in both datasets, since the number of
samples was distinct in each group and
in unknown distributions. Moreover,

the Kolmogorov-Smirnov test is sensi-
tive to shape, position, and dispersion
behavior of distributions to determine
whether two independent samples be-
long to the same group (homogeneity
test), or whether they have one statistical
significant difference. We used p < 0.05
to establish this difference. The results
of expression values are represented in
box plots for microarray and qPCR data.
OriginPro software (version 9.2, Origin-
Lab, Northampton, MA, USA) was used
for statistical data analysis.

All supplementary materials are available
online at www.molmed.org.

RESULTS

Patients

A total of 149 core biopsies were
prospectively collected. Out of 149, 29
tumors were diagnosed as TNBC (19.5%).
From the 29 TNBC samples, RNA quality
for microarray was obtained in 27 biopsies.
Paired nTNBC samples were selected
according to clinical stage. Clinicopath-
ological characteristics were similar in
TNBC versus nTNBC patients (Table 1).
Age at diagnosis, high BMI (obese or
overweight), and glucose levels
(>100 mg/dl) were similar in both groups.

Molecular Classification Using PAMS50

According to immunohistochemistry
(IHQ) analysis, out of 25 TNBC patient
samples, 18 (72%) were basal-like subtype,
5 (20%) were normal-like subtype, and
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Table 1. Patient and tumor characteristics.

All patients, n = 54 TNBC, n =25 NTNBC, n =25 Pvalue

Age at diagnosis (years) 49 26-71 51 39-71 47 26-61 0.1°
Body mass index (ky/m?) 28.7 20.7-40.1 27.58 20.78-38.01 29.31 21.83 a 39.65 0.14°

<25 9 17% 4 16% 4 16% 0.67"

>25 38 70% 17 68% 19 76% 0.75'
Menopause status

Pre 27 50% 12 48% 13 52% 1

Post 27 50% 13 52% 12 48% 1f
Backyround cancer®

Yes 26 48% 14 56% 10 40% 0.4f

No 28 52% 1 44% 15 60% 0.4
Diabetes mellitus®

Yes 6 11% 5 20% 1 4% 0.2f

No 48 89% 20 80% 24 96% 0.2f

Glucose levels (my/dl) 104.84 82-193 106.62 88-183 103.67 82-193 0.64°
Number of children®

Nulliparous 4 7% 1 4% 3 12% 0.6f

1-2 16 30% 8 32% 7 28% 1f

>3 33 61% 16 64% 15 60% 1
Lactation®

Yes 22 41% 10 40% 1 44% 1

No 15 28% 8 32% 6 25% 0.75'
Smoking

Yes 8 15% 2 8% 5 20% 0.42f

No 45 83% 22 88% 20 80% 0.7
TNM

T1 1 2% 0 0% 1 4% 1f

T2 25 46% 12 48% 11 44% 1f

T3 16 30% 8 32% 6 25% 0.75

T4 Al 20% 4 16% 7 28% 0.75'

NO 8 15% 3 12% 5 20% 0.5

N1 32 59% 14 56% 16 64% 0.77'

N2 12 22% 6 24% 4 16% 0.72f

N3 2 4% 2 8% 0 0% 0.47f

MO b4 100% 25 100% 25 100% 1f
Clinical staye

| 1 2% 0 0% 1 2% 1f

Il 25 46% 12 48% 12 48% 0.78

I 28 52% 13 52% 12 48% 1

9At least one relative (first, second, or third grade).

®Confirmed at BC diagnosis.
°Number of pregnancies.

dAt least 6 months.

°Ttest, confidence level at 95%.
7 test, confidence level at 95%.

2 (8%) were HER?2 subtype, based on
molecular subtypes (Figure 2).

TNBC Expression Profile

To identify a TNBC signature, 27 TNBC
and 27 nTNBC biopsy expression profiles
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were compared. After normalization of
the microarray expression performance,
25 samples from each group met the ade-
quate sample quality for data analysis.

A supervised classification was applied
based on TNBC versus nTNBC according

2017

to IHC status. Data analysis for 50 pa-
tients showed 49 differentially expressed
probes (Supplementary Table S1) corre-
sponding to 40 gene signatures with FDR
< 0.0005. A heat map for these 40 genes
was generated, representing their relative
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Figure 2. Molecular classification using PAMS50 algorithm. Heat map from 50 samples
(TNBC and nTNBC). Five different molecular subtypes are at the top of the heat map.
Blue represents low gene expression, while red represents high gene expression. In the
heat map, each column is for a different patient and each row is for a gene. Asterisk (*)
represents TNBC samples according to IHQ analysis that are not in the basal-like subtype.

expression values (Z score = -1.5 to 1.5)
(Figure 3A). The upper left side shows
the group of nine overexpressed genes
(FOXC1, PRKX/PRKY, UGTS8, BCL11A,
HMGA1, LPIN1, FAM171A1, HAPLNS3,
and ANKRD11). Conversely, there are 31
underexpressed genes in TNBC at the bot-
tom left side. The center of the heat map
shows a not quite defined area shared by
four TNBC and five nTNBC patients with
an undifferentiated expression pattern.

External Database Validation
To compare our results against other
databases, a differential expression

analysis of TNBC versus nTNBC tumors
was done using the TCGA database.
Sample data from this database were
selected and classified as TNBC or
nTNBC (using expression data ER, PR,
and HER2). The analysis was performed
using two approaches. In the first one,
we used the TCGA gene expression
database and compared TNBC versus
nTNBC. We obtained 87 gene signatures
with high significance (q < 1e-40) (Sup-
plementary Figure S1), among which
only nine (ERBB4, DNAJC12, TBC1D9,
MLPH, ANXA9, NAT1, BCAS1, TFF1,
and BCL11A) overlapped our signature
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(Figure 3B). The TCGA gene expression
database contains only 33 genes from
the 40 genes in our signature. As a
second approach, we compared the
differential expression of TNBC versus
nTNBC using only these 33 genes. This
second analysis showed that the genes
had similar behavior (overexpressed or
underexpressed) that they had in our
signature (Supplementary Figure S2),
with a smaller statistical significance
(p < 1e-8).

Gene Network

Figure 4 shows the networking of
the 40 genes included in our TNBC
signature. In this gene network, the
main functions are related to chroma-
tin (red) or phosphatidylcholine (blue)
biosynthetic process (26). Table 2 shows
the main functions of the networked
processes including the genes of the
signature. In this, the biosynthetic and
metabolic processes concerning phos-
phatidylcholine have the lowest FDR
(1.83e-4 and 8.71e-3).

Real-Time qPCR Validation

Validation by qPCR was performed
in 35 of the 50 samples analyzed by mi-
croarray (17 nTNBC and 17 TNBC) due
to remaining amounts of RNA. A com-
parison between microarray expression
and 27 qPCR levels (after normalization
with GRAMDI1A gene) demonstrates
similar expression values for all genes
(HMGA1, ANKRD11, BCL11A, FOXC1,
LPIN1, UGTS, and ANXA9) (Figure 5).
qPCR expression levels (A) are higher
than those observed in the microarray
expression analysis (p < 0.05) (B). Re-
markable overexpression of FOXCI,
UGTS8, and BCL11A in TNBC is observed
by qPCR, which is followed by expres-
sion levels of LPN1, ANKRD11, ANXA9,
and HMGA1. This clearly differs with
the gene expression levels displayed by
nTNBC samples. GRAMDI1A was used
as a normalizing gene, based on the low
variability observed in all samples tested
by the microarray analysis. GAPDH and
BACTIN showed high variability among
samples.
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Figure 3. TNBC signature. (A) The heat map shows 49 differentially expressed probes (corresponding to 40 yenes) in TNBC versus NnTNBC.
At the bottom of the figure is a color code that shows expression intensity (Z score). Blue represents low gene expression, red high yene
expression. At the top of the figure is a color code for TNBC (black) and nTNBC (red) patients. In the heat map, each column is for a
patient and each row is for a single probe. The right side of the heat map shows official symbol gene and probe identification. (B) Venn
diagram of TNBC signature and TCGA validation. Blue circle represents 40 genes of our TNBC signature. Red circle represents 87 genes
from TCGA data. Overlap of both circles (blue and red) represents nine yenes that are present in both sample data using same analysis.

DISCUSSION

Molecular characterization of BC by
gene expression profiling (gene sig-
nature) has positively influenced the
diagnosis, prognosis, and therapies for
this tumor, having a clear impact on the
disease-free survival and quality of life
of affected patients. These developments
have paved the way for the translation
of molecular tests to the clinical care of
oncologic patients (12,13).

Regardless of advances in the molec-
ular biology of BC, TNBC, an aggressive
form of this neoplasm, remains unde-
cipherable to current molecular tests,
and patients are still in need of rational
therapies. After several efforts, there are
no gene expression profiles available
to characterize TNBC, because studies
with this purpose have demonstrated
heterogeneous and nonconclusive results
(2,14-17). This heterogeneity may result
from differences in study design (i.e.,
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group comparisons as TNBC versus nor-
mal breast tissue), data expression sets
(i.e., microarray data from fresh tissue
versus public tumor-expression data-
bases), social stratifications by factors like
ethnicity and income status, and so on.
These studies were valuable to define sets
of genes participating in tumorigenesis.
They have demonstrated involvement of
common pathways related to cell differ-
entiation, epithelial mesenchymal transi-
tion (EMT), immune function, androgen
receptor (AR) pathways, inflammation,
and angiogenesis (1,14,17-21). However,
the collection of genes identified in each
study is different, and they are not use-
ful to discriminate TNBC from nTNBC
(1,14,17-21). Thus, the search for a useful
gene signature for TNBC continues.

The purpose of this study was to iden-
tify a gene signature for TNBC with hall-
mark genes profiling this tumor subtype.
To achieve this, we decided to compare

MOL MED 23:101-111, 2017

TNBC against the rest of BC subtypes
(nTNBC). Emphasis was considered in the
selection of samples. Our study popula-
tion (TNBC and nTNBC) was composed
of therapy-naive women with BC who
came from the same geographical region,
sharing similar sociodemographic and
clinical-pathological characteristics. The
sampling process was the same for all
patients, and biopsied tumors were >2 cm
and/or had angiolymphatic invasion.
Gene expression profiles were assessed
in tumor samples of 50 northeastern
Mexican women. Sample collection was
performed consecutively (n = 149) until
we reached the TNBC population for this
study. Subsequently, nTNBC samples
were paired according to clinical stage.
We observed a higher TNBC prevalence
(19.5%) than reported for Caucasian
women (10-13%) (5). Contrastingly, this
prevalence is lower than that reported
for the central Mexican population (23%)
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Figure 4. TNBC signature’s gene network. The left side represents the yene network from the TNBC signature. Each black circle signifies a
gene from the TNBC signature, while gray ones symbolize other genes not included in TNBC signatures. Lines denote a relationship be-

tween circles (genes), and line thickness correlates to relationship intensity. The right side shows color codes for lines that connect circles
(genes) and functions of some ygenes from the gene network. Main functions are in blue (phosphatidylcholine biosynthetic process) and

red (chromatin).

(27). Other similarities that caught our
attention were age at cancer diagnosis,
BMI (patients were overweight or obese),
and glucose levels in both groups. This
allowed us to pair patients with homo-
geneous clinical characteristics, differing

only by tumor subtype ("TNBC or TNBC).

We consider this crucial for identifying
an intrinsic signature between these two
groups of tumors.

BC classification was performed
according to IHQ and microarray analysis.

THQ was the first criterion for tumor
classification. However, molecular classi-
fication by PAMS50 displayed a different
BC subtype in six tumor samples (Figure 2).
Four of these were originally classified
as TNBC by IHQ, but as a different BC
subtype by the microarray analysis. The
two remaining samples were reclassi-
fied inside the nTNBC group. Interest-
ingly, these six samples are located at
the center of the heat map for our gene
signature (Figure 3A), implying the
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heterogeneity of these tumors, probably
containing a mixture of cancer clones
representing different BC subtypes.
The signature described here is de-
fined by overexpression of nine genes
(FOXC1, PRKX/PRKY, UGTS, BCL11A,
HMGA1, LPIN1, FAM171A1, HAPLNS3,
and ANKRD11) and downregulation of
an additional 31 genes. Some of these
deregulated genes are clearly involved
in tumor pathways. Genes like HMGA1,
FOXC1, and BCL11A have been inde-
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Table 2. Gene network.

Feature

Genesin Genesin
FDR network ygenome

Phosphatidylcholine biosynthetic process
SLC44A4
LPINT

Phosphatidylcholine metabolic process
SLC44A4
LPINT

Organic hydroxy compound biosynthetic process

SLC44A4
LPINT
GATA3

Ethanolamine-containing compound metabolic process

SLC44A4
LPINT

Chromatin
FOXC1
GATA3
RARA
AR
HMGAT

Cellular amine metabolic process
SLC44A4
LPINT
GATA3

Chromatin DNA binding
RARA
FOXC1

Amine metabolic process
SLC44A4
LPINT
GATA3

Alcohol biosynthetic process
SLC44A4
LPINT

Cellular biogenic amine metabolic process
SLC44A4

LPINT

1.83e-04 5 25

8.71e-03 5 60

1.11e-02 6 125

1.11e-02 5 74

1.11e-02 7 212

2.87e-02 6 171

2.87e-02 3 15

2.87e-02 6 177

2.87e-02 5 101

3.97e-02 5 113

pendently studied and considered of
clinical utility for TNBC as diagnostic
and metastatic biomarkers, and some
have been considered as potential thera-
peutic targets. For example, upregulation
of FOXCI promotes tumor growth, EMT,
and metastatic behavior (28). BCL11A
overexpression affects p53-mediated
apoptosis and plays a key role in TNBC
(16). On the contrary, downregulation

of NAT1, which codifies for the n-acetyl
transferase 1, is implied in the signature.
NATT has been reported as underreg-

ulated in breast tumors and associated
with tamoxifen resistance. In TNBC
cells, downregulation of this gene is
associated with overexpression of SNAI1
and downregulation of N-cadherin

and B-catenin, which regulate the EMT
behavior (29).

Most interestingly, several of the over-
regulated and downregulated genes
from this signature are involved in the
metabolism of lipids. Some of these met-
abolic abnormalities may suggest some
peculiarities of the biology and poor
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prognosis of TNBC, which have been
independently tied to aggressive BC. For
example, upregulation of HMGA1 is as-
sociated with insulin resistance and met-
abolic syndrome, with increased levels

of cholesterol and triglycerides and low
levels of high-density lipoprotein (30-32).
This gene is observed as overexpressed in
breast cancer, particularly in TNBC and
its metastases (33). LPIN1 codes for an
enzyme directly involved in the synthesis
of triglycerides and phospholipids. This
gene is crucial for the homeostasis of the
endoplasmic reticulum and membrane
biogenesis. Recently, it has been demon-
strated that overexpression of this gene is
critical for TNBC cell survival, and thus
it is considered a poor prognosis marker.
LPINT is an attractive target for personal-
ized cancer therapy (34). UGT8 encodes for
an enzyme involved in the synthesis of
galactosyl-ceramides and sphingolipids
(35). Upregulation of this gene increases
the cell proliferative index and decreases
apoptosis, favoring metastatic processes.
In addition, overproduction of this en-
zyme increases resistance to doxorubicin
(36). On the other hand, other genes are
also involved in lipid metabolism and
cancer in their underregulated state. An
example is LASS6, which encodes for the
ceramide synthase 6. This enzyme was
recently implicated in EMT. Downregula-
tion of this gene induces decreased auto-
phagy and increased drug resistance (37).
STARDI10 codifies for the StAR-related
lipid transfer protein 10 (or PCTP-like
protein), a phospholipid transfer protein.
Downregulation of STARDI10 is asso-
ciated with defective insulin secretion
and has been considered a biomarker

of TNBC aggression (38). ATPSB1 gene
encodes for the ATPase phospholipid
transporting 8B1 enzyme, which trans-
locates phospholipids from the outer to
the inner bilayer membrane and is cru-
cial in maintaining the cell lipid balance.
Downregulation of this gene is observed
in liver cholestasis and in liver and col-
orectal cancer (39). Finally, the AR gene
encoding for the androgen receptor protein
was also downregulated in the signature.
This gene is overexpressed in some TNBC
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patients, making the protein a candidate
for targeted therapy, but its prognostic
role is not yet clear (40). Recently, down-
regulation of AR has been associated with

diabetes mellitus in TNBC patients, and

it has been suggested that hyperglycemia

directly regulates AR levels. This observa-
tion is of interest for the present study, in
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which several patients showed high glu-
cose levels (20% were diabetic) and an in-
creased average BMI. This study remarks
on the implication of lipid metabolism

in the physiopathology of TNBC and, to
some extent, the possible implications of
increased insulin resistance, overweight,
and metabolic syndrome for this aggres-
sive breast cancer subtype. However,
further studies are required to understand
these plausible associations.

As mentioned above, previous reports
analyzed global profiles for TNBC.
However, the methodological approach
is different in all of them. Kreike et al.
compared TNBC frozen fresh tissues
versus nTNBC data available from pub-
lic databases (1). The androgen receptor
gene (AR) is the only gene shared with
our signature. Al-ejeh ef al. performed
an in silico expression profile comparison
for TNBC versus nTNBC using public
databases. They selected eight genes, two
of them involved in the estrogen receptor
pathway (MAPT and MYB) and six in
chromosomal instability (MELK, MCM]10,
CENPA, EXO1, TTK, and KIF2C). None
of these eight genes were identified in
our signature (29). Rody et al. studied
publicly available TNBC expression data
to evaluate 5-year recurrence-free sur-
vival. Sixteen genes from the metagene
analysis were differentially expressed.
AR is again the only gene that matches
our signature (2). Cascione et al. analyzed
profiles of mRNA and microRNAs for
TNBC paraffin-embedded tissues, com-
paring tumor- and nontumor-adjacent
tissue to evaluate cancer survival. They
identified genes related to overall sur-
vival and distant disease-free survival
(17). Interestingly, ERBB4 and AR genes
were underexpressed, which are also
underexpressed in our signature. Karn
et al. selected TNBC data from public
databases and identified a predicted sig-
nature of 264 genes not described in pre-
vious signatures, none of which match
our study (20). Komatsu et al. described
301 overexpressed and 321 underex-
pressed genes in 30 TNBC and 13 normal
ductal epithelial cells, all isolated by
single-cell microdissection. They found
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subexpression of TBC1D9, TFF3, ERBB4,
GATA3, and MLPH, which also matches
this study (14).

These reports summarize the hetero-
geneity of the samples, the data, and the
different approaches used to define gene
signatures for TNBC. However, these
studies define some underexpressed
genes that were also discovered in our
signature.

Considering the epidemiologic char-
acteristics and the genetic background
of our analyzed population, we decided
to verify whether the signature obtained
in this study was consistent in other
populations. To achieve this, we looked
for differences in TNBC versus nTNBC
in microarray gene expression datasets
stored in the TCGA. This comparison
showed an overlap of nine genes (ERBB4,
DNAJC12, TBC1D9, MLPH, ANXA9,
NAT1, BCAS1, TFF1, and BCL11A) with
our signature. Of these, eight were un-
derexpressed and one overexpressed.
These nine genes could represent general
pathways of carcinogenesis in TNBC,
while the rest (31 nonoverlapping genes)
could represent dysfunctional metabo-
lism in this study (high BMI and glucose
levels), probably affecting carcinogenic
pathways. Still, the findings described in
this article may be pertinent for Mexican
patients and require evaluation in other
ethnic groups and populations.

CONCLUSION

This study describes a genomic signa-
ture of 40 genes useful to discriminate
TNBC, few of them independently asso-
ciated with TNBC by other researchers.
Interestingly, some of the genes in our
signature are involved in metabolic pro-
cesses related to fats and carbohydrates.
A comparison of TNBC versus nTNBC
in the TCGA database revealed a match
of only nine genes with our signature.
Thus, these genes should have important
implications for the TNBC phenotype.
To our knowledge, this is the first TNBC
signature describing genes involved in
general metabolism. However, the bio-
logical significance and molecular inter-
actions should be further researched to
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determine the intrinsic pathophysiology
of this BC subtype.
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