
1 

Type of the Paper (Original Article) 1 
Whole Genome Transcriptome Analysis of the Association Between Obesity 2 
and Triple Negative Breast Cancer in Caucasian women 3 
 4 
1Tarun Mamidi, 1Jiande Wu, 2Paul B. Tchounwou, 1Lucio Miele and 1Chindo Hicks 5 
1Department of Genetics, Louisiana State University Health Sciences, School of 6 
Medicine, 533 Bolivar Street, New Orleans, LA 70112, USA   7 
2NIH/NIMHD RCMI Center for Environmental Health, Jackson State University, 8 
1400 Lynch Street, Box 18750, Jackson, MS 39217, USA 9 

 10 
1*Chindo Hicks chick3@lsuhsc.edu 11 
1Tarun Mamidi tmamid@lsuhsc.edu 12 
1Jiande Wu  jwu2@lsuhsc.edu 13 
1Lucio Miele  lmiele@lsuhsc.edu 14 
2Paul B. Tchounwou paul.b.tchounwou@jsums.edu 15 

 16 
*Corresponding author: chick3@lsuhsc.edu  Tel: 01-504-568-2657 17 
 18 
Abstract: Background: Triple negative breast cancer (TNBC) is the most 19 
aggressive form of breast cancer with poor outcomes. The molecular basis of TNBC 20 
remains poorly understood. The objective of this study was to explore the 21 
relationship between obesity and TNBC in premenopausal and postmenopausal 22 
Caucasian women using whole genome transcription profiling. Methods: We 23 
compared gene expression levels of tumor samples drawn from normal weight, 24 
overweight and obese in pre and postmenopausal women diagnosed with TNBC. 25 
We performed hierarchical clustering to assess similarity in patterns of gene 26 
expression profiles, and conducted network and pathway analysis to identify 27 
molecular networks and biological pathways. Results: We discovered gene 28 
signatures distinguishing normal weight from obese, normal weight from overweight 29 
and overweight from obese individuals in both premenopausal and postmenopausal 30 
women. The analysis revealed molecular networks and biological pathways 31 
dysregulated in response to obesity. Among the discovered pathways included the 32 
unfolded protein response, endoplasmatic reticulum stress, B cell receptor and the 33 
autophagy signaling pathways in obese premenopausal women and the integrin, 34 
axonal guidance, ERK/MAPK and Glutathione biosynthesis signaling pathways 35 
obese postmenopausal women. Conclusions: The results suggest that both 36 
overweight and obesity are associated with TNBC, highlighting the need for 37 
conformation of these results in independent studies.  38 
 39 
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1. Introduction 43 

Triple negative breast cancer (TNBC) represents the breast cancers which lack 44 
expression of estrogen receptor (ER) and progesterone receptor (PR) and lack of 45 
amplification of the human epidermal growth factor receptor 2 (HER2) gene [1]. 46 
TNBC is a heterogeneous disease with a complex etiology. It is the most aggressive 47 
form of breast cancer with very poor clinical outcomes. Although TNBC represents 48 
only 15% of all breast cancers, it accounts for 25% of all breast cancer-related deaths 49 
[1-2]. Women with TNBC have a high frequency of metastasis to the lung, liver and 50 
brain, and survival is generally poor [3]. Even more concerning is that the median 51 
survival rate for women with metastatic TNBC is less than one year, and almost all 52 
patients die of their disease [3]. To date, there are no effective targeted therapies, 53 
chemotherapy remains the only effective therapeutic modality [1-3]. Therefore, there 54 
is a pressing need to understand the biological factors and pathways that driver 55 
these tumors and discovery of molecular markers for the development of targeted 56 
therapies.   57 
 Over the last decade, there has been considerable interest in investigating the 58 
role of modifiable factors such as obesity in women diagnosed with TNBC. This has 59 
been driven in part by the realization that factors such as socio-economic status and 60 
lifestyle may be associated with the disease [4-7]. To this end, epidemiologic studies 61 
have attempted to establish the relationship between obesity and TNBC. Several 62 
epidemiologic studies have associated overweight and obesity with TNBC [8-9]. 63 
Others have associated overweight and obesity with TNBC overall survival rate (OS) 64 
and disease free survival rate (DFS) [10-16]. In addition, several studies have shown 65 
that obesity is an independent prognostic factor of decreased pathological complete 66 
response to neoadjuvant chemotherapy in breast cancer patients [17-18]. However, 67 
there are no studies investigating the molecular mechanism association obesity and 68 
or overweight with TNBC. Moreover, other epidemiological studies did not find the 69 
association between overweight or obesity with TNBC [19-21]. Thus, taken together, 70 
these knowledge and seemingly contradictory results along with the need for 71 
biomarker discovery for TNBC point to the need for further research in this area.  72 
TNBC affects both premenopausal and postmenopausal women. A recent 73 
epidemiologic study involving 326 TNBC patients treated with neoadjuvant 74 
chemotherapy identified BMI and menopausal status as two promising prognostic 75 
factors in TNBC [22]. However, to date little is known about the molecular 76 
mechanisms associating BMI with TNBC by menopausal status. Given the 77 
expanding obesity epidemic and the poor prognosis of the TNBC tumors, discovery 78 
of molecular markers associated with modifiable risk factors such as obesity may 79 
facilitate the development of novel prevention strategies and the realization of 80 
precision prevention. The objective of this exploratory study was we two-fold: (i) To 81 
investigate the association between obesity and/or overweight with TNBC in 82 
premenopausal and postmenopausal Caucasian women using whole genome 83 
transcription profiling and (ii) To discover the molecular networks and biological 84 
pathways dysregulated in response to obesity in premenopausal and 85 
postmenopausal women with TNBC. Our working hypothesis is that genomic 86 
alterations in tumors in premenopausal and postmenopausal women diagnosed with 87 
TNBC could lead to measurable changes associating obesity and overweight with 88 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2018                   doi:10.20944/preprints201803.0174.v1

http://dx.doi.org/10.20944/preprints201803.0174.v1


 3 of 21 

 

TNBC. We further hypothesized that these changes in genomic alterations affect 89 
entire molecular networks and biological pathways which are dysregulated in 90 
response to increased weight or obesity. To test this hypothesis we used publicly 91 
available gene expression data derived from normal weight, overweight and obese 92 
premenopausal and postmenopausal Caucasian women diagnosed with TNBC to 93 
discover molecular signatures distinguishing patient groups and biological pathways 94 
dysregualated in response to overweight and or obesity. 95 

 96 

2. Material and Methods 97 
 98 
Gene expression data      99 
 100 

We used publicly available gene expression data generated using tumor 101 
samples from premenopausal and postmenopausal Caucasian women of European 102 
ancestry diagnosed with TNBC. The data set was downloaded from the Gene 103 
Expression Omnibus (GEO) under accession number GSE76124. The data set 104 
consisted of 195 samples and was generated at Baylor University [23]. The 105 
experimental procedures have been fully described by the data originators [23]. The 106 
data set included body mass index (BMI), menopausal status defined as, either 107 
premenopausal or postmenopausal, age and tumor size. Samples without 108 
menopausal status, age and BMI were excluded from the final data set used in the 109 
analysis. The final data set included a total of 148 patients distributed according to 110 
menopausal status and BMI. The distribution of 54 patients with premenopausal 111 
status was: Normal weight (BMI ≤ 24; N = 21), overweight (BMI = 25 - 29; N = 21) 112 
and Obese (BMI = 30≥; N = 12). Similarly, the distribution of 94 patients with 113 
postmenopausal status was normal weight (BMI ≤ 24; N =25, over weight (BMI = 25 114 
- 29; N = 31) and Obese (BMI = 30 ≥; N = 38). Because TNBC is a heterogeneous 115 
disease and its subtype classification has varied, we examined the literature to 116 
determine whether the classification used in this database represented the current 117 
reports in the literature. This evaluation revealed that the classification is consistent 118 
with other reports and meet the criteria of the current consensus on TNBC subtype 119 
classification [23-26]. The experimental procedures and methods of sample 120 
processing have been fully described by the data originators [23]. Clinico-121 
pathological data from the patients used in the study include the tumor ER, PR and 122 
Her2/Neu status which were all negative. The data set was generated using the 123 
Affymetrix platform using the Human GeneChip U133Plus 2.0 which contains 54,614 124 
probe sets). Expression values were calculated using the robust multi-array average 125 
(RMA) algorithm as implemented in the Affymetrix platform. All the expression values 126 
ware on a log scale (log2). 127 
 128 
Data Analysis 129 
 130 

 We performed supervised analysis comparing gene expression levels 131 
among and between patient groups. We used analysis of variance (ANOVA) to 132 
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compare gene expression levels among the three patient groups: normal weight, 133 
overweight and obese by menopausal status. We performed supervised analysis 134 
using a t-test to compare gene expression levels between patient groups (normal 135 
weight versus overweight, normal weight versus obese and overweight versus 136 
obese), separately in premenopausal and postmenopausal women using Pomello 137 
and GenePattern Software packages [27-28]. Due to relatively small sample sizes 138 
for each patient group, we did not partition the data into test and validation sets as 139 
such an approach would lead to bias resulting from sampling errors. To address this 140 
issue, we used the leave-one-out cross-validation procedure as our prediction and 141 
validation model to identify genes with predictive power. This approach has been 142 
used successfully in gene expression data analysis to eliminate bias [29]. We used 143 
the false discovery rate (FDR) procedure to correct for multiple hypothesis testing 144 
[30]. Genes were ranked based on the p-values and the FDR, and highly significantly 145 
differentially expressed genes were selected for each comparison.  146 

We performed unsupervised analysis using hierarchal clustering based on 147 
complete linkage model using the Pearson correlation coefficient as the measure of 148 
distance between pairs of genes. Prior to clustering, gene expression data was 149 
normalized using the median normalization, standardized and centered [31]. 150 
Hierarchical clustering was performed using GenePattern and Morpheus software 151 
[28,32]. We performed network and pathways analysis using Ingenuity Pathway 152 
Analysis (IPA) software [33]. Using IPA, the most highly significantly differentially 153 
expressed genes distinguishing patients with normal weight from obese patients in 154 
premenopausal and postmenopausal women were mapped onto networks and 155 
canonical pathways. The probability scores and the log P-values were calculated to 156 
assess the likelihood and reliability of correctly assigning the genes to the correct 157 
molecular networks and biological pathways. A false discovery rate was used to 158 
correct for multiple hypothesis testing in pathway analysis. The predicted molecular 159 
networks and biological pathways were ranked based on z-scores and log p-values; 160 
respectively. Gene ontology (GO) [34] analysis as implemented in IPA, was 161 
performed on the sets of differentially expressed genes to characterize the functional 162 
relationships among sets of genes associating overweight and obesity with TNBC 163 
and to identify the molecular, biological processes and cellular components in which 164 
the discovered genes are involved.  165 

 166 

3. Results 167 
   168 
Differences in gene expression levels among patient groups  169 
  170 

To identify differentially expressed genes and assess variation in patterns of 171 
gene expression levels among the three patient groups, we performed analysis of 172 
variance by menopausal status. We hypothesized that the levels of gene expression 173 
differ and vary among patient groups in premenopausal and postmenopausal 174 
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women. The analysis revealed significant differences in gene expression levels 175 
among patient groups. When we compared gene expression levels among patient 176 
groups in premenopausal women, we discovered a signature of 1034 significantly 177 
(P<0.05) differentially expressed genes. A subset of 242 genes were highly 178 
significantly (P<0.01) differentially expressed. The top 23 most highly significantly 179 
(P<0.001) differentially expressed genes included the genes CD84, DUXAP8, 180 
NPC2, MAGEA5, PAWR, SNX29, IFNGR1, PRKXP1, WIPF1, ABCG1, DPY19L1, 181 
MGAT4A, KYNU, RNASET2, COX10-AS1, GPRIN3, MMD2, TMED10, FLVCR2, 182 
GABBR1, RPL32P3, RAPGEF1 and LYST.  183 

Repeating the same analysis, but focusing on postmenopausal women 184 
revealed a signatures of 1551 significantly (P<0.05) differentially expressed genes. 185 
A subset of 376 genes were highly significantly (P<0.01) differentially expressed. 186 
The signature of the top 57 most highly significantly (P<0.001) differentially genes 187 
included the genes IL4R, TAGLN2, ZNF92, MSX1, EPHA2, SERPINE1, PANX1, 188 
PDPN, KEAP1, STK10, KLF9, JRK, PLK3, ZNF138, PLEC, FPR1, CR1, ZNF85, 189 
TNC, SLC2A3, ANGPT2, MESDC1, ZEB2, CSGALNACT1, MUT, YWHAZ, ZNF140, 190 
PRKACA, MVP, COPS8, SEC23A, NNMT, YWHAH, SRSF7, CD163, HAS2, SCG2, 191 
LRRFIP1, PTPRE, EHD4, ZNF736, LOC101927523, DUSP1, PLP2, TWIST2, 192 
WWTR1-AS1, GRIA3, SEC62, IL6, KANSL1L, SCARF1, PROM2, RAPGEF2, 193 
BCAR3, OSMR, SMAD5 and SPPL3. There was no overlap between the two sets of 194 
highly significantly differentially expressed genes in premenopausal and 195 
postmenopausal women, suggesting that molecular perturbation in premenopausal 196 
and postmenopausal may regulated by different molecular mechanisms. As 197 
expected, there was significant variation in gene expression levels among patient 198 
groups in both premenopausal and postmenopausal women. This could be partially 199 
explained by the heterogeneity of the disease. TNBC is inherently a heterogeneous 200 
disease with many subtypes, therefore, such outcome should be expected. A list of 201 
all the significantly differentially expressed genes among patient groups by 202 
menopausal status is presented in supplementary Table SA, provided as 203 
supplementary data to this report.     204 
 205 
 206 
Association of overweight and obesity with TNBC in premenopausal women 207 
 208 

To address the hypothesis that overweight or obesity are associated with 209 
TNBC, we performed subclass mapping comparing gene expression levels between 210 
patients with normal weight and obese and between normal weight and overweight. 211 
We sought to discover gene signatures distinguishing individuals with normal weight 212 
from obese and or overweight.  213 

Comparison of gene expression levels between normal and overweight 214 
patients revealed a signature of 1120 significantly (P<0.05) differentially expressed 215 
genes. The signature included 219 highly significantly (P<0.01) differentially 216 
expressed genes. A list of the top 32 most highly significantly genes distinguishing 217 
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normal weight from overweight individuals is presented in Table 1. A complete list of 218 
the significantly differentially expressed genes distinguishing patients with normal 219 
weight from overweight individuals is presented in Table S1 provided as 220 
supplementary data to this report.  221 

Analysis comparing gene expression levels between normal and obese 222 
individuals revealed a signature of 1218 significantly (P<0.05) differentially 223 
expressed genes. The signature included a set of 299 highly (P<0.01) significantly 224 
differentially expressed genes. A list of 32 most highly significantly (P<0.001) 225 
differentially expressed genes is presented in Table 1. A least of all the significantly 226 
differentially expressed genes distinguishing patients with normal weight from obese 227 
individuals is presented in Table S1 provided as supplementary data to this report.  228 

To address the hypothesis that molecular perturbation in patients with 229 
overweight significantly differs from obese patients in premenopausal women, we 230 
compared gene expression levels between the two patient groups.  231 
 232 
Table 1. List of the top 32 most highly significantly differentially expressed genes 233 
dysregulated in response to overweight and obese in premenopausal women   234 

 235 
Normal weight versus Overweight Normal weight versus Obese 

Gene 
Symbol 

Cytoband P-value Gene 
Symbol 

Cytoband P-Value 

COX10 17p12 0.000166 DUXAP8 22q11.1 0.0000984 

DPY19L1 7p14.2 0.000236 ABCG1 21q22.3 0.000115 

MYL6B 12q13.2 0.000242 IFNGR1 6q23.3 0.000187 

CD84 1q23.3 0.000321 TPST2 22q12.1 0.000191 

RAPGEF1 9q34.13 0.000325 CCDC32 15q15.1 0.000205 

PAWR 12q21.2 0.000396 SFT2D1 6q27 0.00024 

RPS21 20q13.33 0.000399 SMC2 9q31.1 0.00024 

IL13RA1 Xq24 0.000496 NPC2 14q24.3 0.000251 

GABBR1 6p22.1 0.000506 MGAT4A 2q11.2 0.000256 

SLF2 10q24.31 0.000514 RNASET2 6q27 0.000261 

ZNF621 3p22.1 0.000586 WAPL 10q23.2 0.000261 

TOP1MT 8q24.3 0.000644 ATXN1 6p22.3 0.000267 

MMD2 7p22.1 0.00068 ALG5 13q13.3 0.00027 

N4BP2L2 13q13.1 0.000742 PTEN 10q23.31 0.000358 

SNX29 16p13.13 0.000777 CREBL2 12p13.1 0.000429 

CCDC34 11p14.1 0.000803 SUSD6 14q24.1 0.000447 

EPB41L4A 5q22.1 0.000829 ZC3H7B 22q13.2 0.000461 

MAP3K3 17q23.3 0.000887 ITFG1 16q12.1 0.000497 

LYST 1q42.3 0.00093 FXN 9q21.11 0.000527 

STC2 5q35.2 0.001075 BLVRA 7p13 0.000542 

IQGAP1 15q26.1 0.001177 ICAM3 19p13.2 0.000554 
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KYNU 2q22.2 0.001258 XBP1 22q12.1 0.000671 

FBXO28 1q42.11 0.001358 CLN5 13q22.3 0.000682 

ARSD Xp22.3 0.001402 SEL1L 14q31 0.000687 

NBN 8q21.3 0.001535 DNAJC3 13q32.1 0.000716 

IFNGR1 6q23.3 0.001573 LAYN 11q23.1 0.000735 

CASP9 1p36.21 0.001591 GPRIN3 4q22.1 0.000833 

EHD4 15q15.1 0.00167 WIPF1 2q31.1 0.000838 

SSH1 12q24.11 0.001679 SET 9q34.11 0.000896 

SYN2 3p25.2 0.001725 FOXN3 14q31.3 0.00093 

ZNF585A 19q13.13 0.001861 FBXO10 9p13.2 0.000936 

FCGR3A 1q23. 0.001938 SNX29 16p13.13 0.000962 

 236 
The analysis revealed a signature of 635 significantly (P<0.05) differentially 237 
expressed genes at a nominal p-value (P<0-05). A subset of 92 genes were highly 238 
significantly (P<0.01) differentially expressed genes. There was little overlap 239 
between genes associated with overweight and those associated with obesity, 240 
suggesting that overweight and obesity may be regulated by different biological 241 
mechanisms in premenopausal women.  242 
 243 
Association of TNBC with obesity in postmenopausal women 244 
 245 

Next we performed subclass mapping in postmenopausal women to address 246 
the hypothesis that obesity or weight are associated with TNBC in this the group of 247 
women.  The goal was to discover gene signatures distinguishing women with 248 
normal weight from obese women and women with normal weight from overweight 249 
women.  250 

Comparison of gene expression levels between individuals with normal 251 
weight and obese patients revealed a signature of 1556 significantly (P<0.05) 252 
differentially expressed genes at a nominal P-value (P<0.05). Among the 253 
significantly differentially expressed genes distinguishing women with normal from 254 
obese women, 401 genes were highly significantly (P<0.01) differentially expressed. 255 
A signature of the top 44 most highly (P<0.001) significantly differentially expressed 256 
genes is presented in Table 2. A complete list of all the significantly differentially 257 
expressed genes between normal and obese patients is presented in Table S2 258 
provided as supplementary data to this report.  259 

Analysis comparing patients with normal weight to overweight individuals 260 
produced a signature of 1327 significantly (P<0.05) differentially expressed genes. 261 
The signature included 560 highly significantly (P<0.01) differentially expressed 262 
genes. A signature of the top 32 most highly significantly (P<0.001) differentially 263 
expressed genes are presented in Table 2. A complete list of significantly 264 
differentially expressed genes distinguishing women with normal weight from women 265 
with overweight is presented in Table S2 provided as supplementary data to this 266 
report. There was little overlap between the two sets of genes.  267 
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To address the hypothesis that molecular perturbation differs between 268 
overweight and obese women in postmenopausal, we compared gene expression 269 
levels between the two patient groups. Comparison of gene expression levels 270 
between overweight and obese individuals produced a signature of 1438 significantly 271 
(P<0.05) differentially expressed genes. The signature included 367 highly 272 
significantly differentially expressed genes between the two patient groups. The top 273 
most highly significantly differentially expressed genes distinguishing overweight 274 
women from obese women in postmenopausal included the genes  ZNF230, 275 
PANX1, KLF9, EHD4, ACOT11, SPPL3, SEC23A, SEC62, CSGALNACT1, CCNY, 276 
WWC2, SNX19, WBP1L, COPS8, PPP2R2A, LRRFIP1, SMG7, ARF1, DUSP4, 277 
LOC101927523, LRCH3, BCAP29, PDPN, SMS, TRPC1, ANGPT2, ZNF140, PKD2, 278 
PLP2, CCDC7, SSBP2, CYP2U1, MGAT2, FOXP2, YWHAZ, IGBP1, STK17B, 279 
KCNQ3, DUSP1, TRIM32, SCARB1, PTGER4, PICALM, PSMF1 and JRK. A 280 
complete list of significantly differentially expressed genes distinguishing overweight 281 
from obese individuals in postmenopausal women is presented in Table S2 provided 282 
as supplementary data to this report.    283 
 284 
Table 2. List of the top 32 most highly significantly differentially expressed genes 285 
dysregulated in response to obese and overweight postmenopausal women   286 
 287 

NW vs Obese NW vs Over weight 

Gene Symbol Cytoband P-value Gene Symbol Cytoband P-value 

MSX1 4p16.2 0.000002 TAGLN2 1q23.2 0.0000002 

IL4R 16p12.1 0.0000023 ZNF92 7q11.21 0.0000778 

STK10 5q35.1 0.0000194 KEAP1 19p13.11 0.0000934 

PLK3 1p34.1 0.0000257 ZNF253 19p13.11 0.0000988 

EPHA2 1p36 0.0000278 YWHAH 22q12.3 0.000138 

MUT 6p12.3 0.0000321 PLEC 8q24 0.000146 

SERPINE1 7q22.1 0.0000412 TMC6 17q25.3 0.000161 

MVP 16p11.2 0.0000842 CARHSP1 16p13.2 0.000196 

TNC 9q33.1 0.000134 YWHAZ 8q22.3 0.000224 

OSMR 5p13.1 0.000138 JRK 8q24.3 0.000255 

MESDC1 15q25.1 0.000141 PROM2 2q11.1 0.000269 

RBMS1 2q24.2 0.000196 SMAD5 5q31.1 0.000284 

PDPN 1p36.21 0.000199 ZNF138 7q11.21 0.000293 

ZEB2 2q22.3 0.000218 MESDC1 15q13 0.000314 

CTDSP2 12q14.1 0.000243 ZNF85 19p12 0.000344 

PTPRE 10q26.2 0.000304 ZNF736 7q11.21 0.00042 

TWIST2 2q37.3 0.000335 NADSYN1 11q13.4 0.00048 

PML 15q24.1 0.000349 SRSF9 12q24.31 0.000492 

C6orf141 6p12.3 0.000386 BAHD1 15q15.1 0.000518 

WWTR1-AS1 3q25.1 0.000441 ZBTB3 11q12.3 0.000528 

MGAT1 5q35.3 0.000446 SRSF7 2p22.1 0.000554 
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GCLC 6p12.1 0.000463 BBS9 7p14.3 0.000619 

PELO 5q11.2 0.000495 FOSL2 2p23.2 0.000661 

SLC2A3 12p13.31 0.000506 ACLY 17q21.2 0.000676 

SSH1 12q24.11 0.000542 KANSL1L 2q34 0.000728 

PRKACA 19p13.1 0.000627 TFAP2A-AS1 6p24.3 0.000766 

PXN 12q24.23 0.000652 SMG7 1q25.3 0.000771 

PLEC 8q24 0.000673 DUOXA1 15q21.1 0.000772 

FAS 10q23.31 0.000737 HNF4A-AS1 20q13.12 0.0008 

DUSP1 5q35.1 0.000777 EPHA2 1p36.13 0.000811 

PTAFR 1p35.3 0.000786 C11orf54 11q23.1 0.00097 

SCARF1 17p13.3 0.000807 ZNF506 19p13.11 0.000979 

KLF7 2q3.3 0.000839 C11orf57 11q23.1 0.001022 

FPR1 19q13.41 0.000848 HPCAL1 2p25.1 0.001038 

CD163 12p13.31 0.000862 KLHDC7B 22q13.33 0.001083 

RAP1B 12q15 0.000879 PLP2 Xp11.23 0.001178 

CTSL 9q21.33 0.000896 ZNF592 15q25.2 0.001202 

GGT5 22q11.23 0.000929 TTLL13P 15q26.1 0.001204 

GLI2 2q14.2 0.000951 RAB34 17q11.2 0.001223 

ITGA5 12q13.13 0.00097 ATM 11q22.3 0.001286 

RBBP6 16p12.1 0.000979 STX8 17p13 0.001314 

MKL1 22q13.1 0.000982 PAX8 2q14.1 0.001328 

ST7L 1p13.2 0.000986 ODF3 11p15.5 0.001342 

ANGPT2 8p23.1 0.000992 NEK1 4q33 0.001358 

 288 
 289 
Premenopausal versus postmenopausal  290 
 291 

Having established that obesity and overweight are both associated with 292 
TNBC in both premenopausal and postmenopausal women, we performed additional 293 
analysis to investigate whether molecular perturbation in overweight and obese 294 
premenopausal and postmenopausal women diagnosed with TNBC is likely 295 
modulated by different biological mechanisms. We hypothesized that genes 296 
associating obesity or overweight with TNBC in premenopausal women are not the 297 
same genes associating obesity or overweigh with TNBC in postmenopausal 298 
women. We addressed this hypothesis by evaluating genes found to be associated 299 
with obesity or overweight in premenopausal and postmenopausal women 300 
separately. To avoid any spurious discoveries, we focused on highly differentially 301 
expressed sets of genes.  302 

The results showing highly significantly differentially expressed genes which 303 
overlap between premenopausal and postmenopausal are presented in Venn 304 
diagrams in Figure 1(1A for obese and 1B for overweight). Evaluation of differentially 305 
expressed genes for obesity revealed 11 overlapping genes between the two patient 306 
groups. A similar evaluation of differentially expressed genes for overweight between 307 
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the two patient groups revealed only 2 overlapping genes between the two patient 308 
groups. This suggests that obesity could potentially have divergent impacts on risk 309 
of TNBC in premenopausal versus postmenopausal women.  310 
 311 

 312 

 313 
Figure 1. (A) Venn diagram showing overlap between genes associated with obesity 314 
in premenopausal and postmenopausal women. (B) Venn diagram showing overlap 315 
between genes associated with overweight in premenopausal and postmenopausal 316 
women diagnosed with TNBC. Pre M and Post M denote premenopausal and 317 
postmenopausal, respectively.  318 
 319 
Similarity in patterns of gene expression profiles 320 
 321 
To determine whether genes dysregulated in response to overweight and obesity in 322 
premenopausal and postmenopasaul women are co-regulated and have similar 323 
patterns of expression profiles, we performed unsupervised analysis using 324 
hierarchical clustering by menopausal status. To ensure reliability of clustering we 325 
focused on genes that were highly significantly (P<0.01) associated with obesity and 326 
or overweight. The results are presented in Figure 2A for 171 highly significantly 327 
differentially expressed genes associating obesity with TNBC and Figure 2B for 102 328 
significantly differentially expressed genes associating overweight with TNBC in 329 
premenopausal women. In both cases, the genes were co-expressed and had 330 
similar patterns of expression profiles. Similarly for postmenopausal women Figure 331 
3A for the 213 significantly differentially expressed genes associating obese with 332 
TNBC and Figure 3B for the 146 significantly differentially expressed genes 333 
associating overweight with TNBC were co-expressed and had similar patterns of 334 
expression profile.  As expected there were significant variations in patterns of 335 
expression profiles. TNBC is inherently a heterogeneous disease consisting of 336 
different subtypes, thus under such conditions, the observed outcome was expected.  337 
 338 
 339 
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 340 
Figure 2. (A) Patterns of gene expression profiles for the 171 genes differentially 341 
expressed between women with normal weight and obese women with 342 
premenopausal status. (B) Patterns of gene expression profiles for the 102 genes 343 
differentially expressed between women with normal weight and obese women with 344 
premenopausal status. Genes in rows and patients in columns. Red font indicates 345 
up regulated and blue font indicates down regulated. 346 
 347 

 348 

Figure 3.  (A) Patterns of gene expression profiles for the 213 genes differentially 349 
expressed between women with normal weight and obese women with 350 
postmenopausal status. (B) Patterns of gene expression profiles for the 146 genes 351 
differentially expressed between women with normal weight and overweight women 352 
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with postmenopausal status. Genes in rows and patients in columns. Red font 353 
indicates up regulated and blue font indicates down regulated. 354 
 355 
Molecular networks and biological pathways  356 
 357 

To gain insights about the broader biological context in which genes 358 
associating obesity with TNBC operate in premenopausal and postmenopausal 359 
women, we performed network and pathway analysis by menopausal status using 360 
IPA and focusing on highly significantly differentially expressed genes associating 361 
obesity with TNBC. We hypothesized that genes involved in obesity interact with one 362 
another in molecular networks and biological pathways.  363 

The results of network and pathway analysis in premenopausal women are 364 
presented in Figure 4 and Figure 5; respectively. Network analysis revealed genes 365 
predicted to be significantly involved in cell cycle, cell death and survival, cellular 366 
development, cellular growth and proliferation, cell morphology and cellular function 367 
and maintenance. The most significant genes in the network included PTPRE, 368 
PTPRF, PTEN, ATXN1, MAP3K5, FAS, FOXO1, E2F1 and ATG7 (Figure 4). 369 
Pathway analysis using the same set of genes, revealed pathways predicted to be 370 
highly significantly associated with unfolded protein response, endoplasmic 371 
reticulum stress pathway, the B cell receptor signaling pathway, production of nitric 372 
oxide and reactive oxygen species in macrophages and the autophagy signaling 373 
pathways (Figure 5). The analysis also revealed top upstream regulators including 374 
CD3, SEL1L, TGFB1 and TNFSF11.  375 

 376 

 377 
Figure 4.  Molecular networks containing genes predicted to be significantly 378 
associated with obesity in premenopausal women. Network analysis was based on 379 
higly significantly differentially expressed genes (P<0.01) in red fonts. Gene symbols 380 
in red fonts were predicted to be highly significantly associated with obesity. Genes 381 
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in black symbols are predicted to be functionally related. The pink and black lines 382 
denote the relationships between merged networks.  383 
 384 

 385 

Figure 5. Biological pathways predicted to be highly significantly associated with 386 
obesity in premenopausal women. Pathway analysis was based on the most 387 
significantly differentially expressed genes. The red line indicates the threshold level 388 
above which significance is declared. The zigzagging orange line denotes the ratio 389 
of the number of genes predicted to map to that pathway to the original number of 390 
genes in that pathway.   391 

 392 
Repeating network and pathways analysis focusing on the set of genes 393 

associating obesity with TNBC in postmenopausal women revealed molecular 394 
networks containing genes predicted to be significantly involved in cellular 395 
movement, cell-to-cell signaling and interactions, cell death and survival, cellular 396 
function and maintenance, cell development, drug metabolism and cellular growth 397 
and proliferation (Figure 6).The most significant genes in the networks were CSF1R, 398 
SHC1, IQGAP1, PXN, HMOX1, CXCL8, COL1A1, ITGA5, CYRG1, JUNB, PDPN, 399 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2018                   doi:10.20944/preprints201803.0174.v1

http://dx.doi.org/10.20944/preprints201803.0174.v1


 14 of 21 

 

PAK2 and NR3C1(Figure 6). Pathway analysis revealed the integrin, axonal 400 
guidance, hepatic fibrosis, ERK/MAPK and the signaling, pathways predicted 401 
glutathione biosynthesis signaling pathways (Figure 7). The top upstream regulators 402 
included TNF, TGFB1, Cycloheximide, lipopolysaccharide and the IL1.    403 

  404 

 405 
Figure 6.  Molecular networks predicted to be significantly associated with obesity 406 
in postmenopausal women. Network analysis was based on the most significantly 407 
differentially expressed genes. Gene symbols in red fonts were predicted to be highly 408 
significantly associated with obesity. Genes in black symbols are predicted to be 409 
functionally related.  410 
 411 
 412 
  413 
 414 
 415 
 416 
 417 
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 418 

Figure 7. Top biological pathways predicted to be highly significantly associated with 419 
obesity in postmenopausal women. Pathway analysis was based on the most 420 
significantly differentially expressed genes. The red line indicates the threshold level 421 
above which significance is declared. 422 

 423 

4. Discussion 424 
 425 

We performed whole genome transcriptome analysis to determine whether 426 
obesity and overweight are associated with TNBC in premenopausal and 427 
postmenopausal Caucasian women. In both patient groups, obesity and overweight 428 
were associated with TNBC suggesting that overweight and obesity likely play a role 429 
in the etiology of TNBC. These results are consistent with several epidemiological 430 
studies which have associated obesity or overweight with TNBC [8-9]. The novel 431 
aspect of this study is that it delineates the molecular mechanisms associating 432 
overweight and obesity with TNBC in both premenopausal and postmenopausal 433 
women. To our knowledge this is the first study to use transcription profiling to 434 
investigate the relationship between obesity and TNBC in both premenopausal and 435 
postmenopausal women. The clinical significance of the results is that, given the 436 
expanding obesity epidemic in the US and its increase world-wide and the lack of 437 
targeted therapies for the discovered biomarkers could be used for precision 438 
prevention and the development of novel therapeutics. Importantly, molecular 439 
markers associating overweight and obesity with TNBC could potentially serve 440 
prognostic markers. Epidemiological studies have shown that overweight is an 441 
independent prognostic factor for overall survival and disease free survival [10].   442 
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The little overlap or lack thereof in molecular perturbations for overweight and 443 
obese women between premenopausal and postmenopausal women is of particular 444 
interest. This along with differences in biological pathways modulating obesity in the 445 
two groups of women tends to suggest that molecular perturbation between 446 
premenopausal and postmenopausal women with TNBC may be controlled by 447 
different biological mechanisms. This is particularly interesting because 448 
epidemiological studies have shown that premenopausal women with overweight are 449 
at greater risk of death and progression than women with normal weight [10]. It is 450 
conceivable that molecular perturbation in obese individuals with TNBC may be 451 
related to metabolism and inflammation [35-37]. Although we did not investigate this 452 
relationship, previous epidemiological studies have shown that 453 
before menopause, triple-negative cancers were related to obesity and chronic 454 
inflammation, and that after menopause, in women aged <65 these latter subtypes 455 
were related to metabolic syndrome [22,35,36,37,38].  456 

This study was focused on women of European ancestry. The results are 457 
consistent with recent reports of epidemiological studies in Caucasian women [39]. 458 
For example, a recent epidemiology study on obesity and TNBC involving socio-459 
economically deprived Caucasian women in the Apalacian in West Virginia revealed 460 
the occurrence of TNBC in younger women with later stage of diagnosis [39].   461 

Limitation of the study: Although this exploratory study provides some insights 462 
about the relationship between obesity and overweight with TNBC in premenopausal 463 
and postmenopausal women, limitations must be acknowledged. This study used 464 
samples from women of European ancestry diagnosed with TNBC and therefore 465 
cannot be generalized to other ethnic populations. Studies have reported that the 466 
incidences and mortality rate of TNBC are significantly higher in African American 467 
(AA) women and that the disease tends to have a higher impact in premenopausal 468 
AA women [2,40,41]. This study did not include AA women. However, although AA 469 
women have the highest incidence of TNBC [2,40,41], published reports of survival 470 
outcomes for African-American women with TNBC, relative to European-American 471 
women, are conflicting [2]. Recent reports have shown that there are no differences 472 
in survival and outcomes between AA and EA women after adjusting for disparities 473 
in access to health-care treatment, co-morbid disease and income [42-43]. Thus, 474 
although we did not use the AA women in this study, the significance of this 475 
exploratory study is that both obesity and overweight are modifiable risk factors, and 476 
affect both AA and EA women with TNBC [40,41,44], therefore they provide new 477 
opportunities for the development of risk reduction strategies that may decrease 478 
mortality by preventing the development of TNBC in both AA and EA women. Lastly 479 
but not the least, in this study we used BMI as the surrogate measure of obesity.  480 
However, different mechanisms such as adiposity may be more reliable measures 481 
of obesity than BMI [45] and are worth exploring.  482 
 483 
 484 
 485 
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5. CONCLUSIONS 486 
 487 
The results of this exploratory study show that overweight and obesity are associated 488 
with TNBC in premenopausal and postmenopausal Caucasian women. The results 489 
further demonstrate that obesity and overweight could potentially have divergent 490 
impact in premenopausal and postmenopausal women. More research involving 491 
larger sample sizes from different race/ethnic populations is needed to confirm these 492 
results.  493 
 494 
Supplementary Materials: The following are available online at 495 
 www.mdpi.com/link: 496 
Table SA. List of significantly differentially expressed genes showing evidence of 497 
association with TNBC at P<0.05 among the three patient groups in women with 498 
premenopausal status. 499 
Table SB. List of significantly differentially expressed genes showing evidence of 500 
association with TNBC at P<0.05 among the three patient groups in women with 501 
postmenopausal status.  502 
Table S1. List of significantly differentially expressed genes showing evidence of 503 
association between TNBC and Obesity or overweight in women with 504 
premenopausal status. Also shown in this table is a list of significantly differentially 505 
expressed genes distinguishing obese from non-obese women.   506 
Table S2. List of significantly differentially expressed genes showing evidence of 507 
association between TNBC and Obesity or overweight in women with 508 
postmenopausal status. Also shown in this table is a list of significantly differentially 509 
expressed genes distinguishing obese from non-obese women.   510 
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