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Abstract

Breast cancer is a heterogeneous disease, characterized by molecularly and phenotypically distinct tumor subtypes, linked
to disparate clinical outcomes. American women of African ancestry (AA) are more likely than those of European ancestry
(EA) to be diagnosed with aggressive, estrogen receptor negative (ER-) or triple negative breast cancer, and to die of this
disease. However, the underlying causes of AA predisposition to ER-/triple negative breast cancer are still largely unknown.
In this study, we performed high-throughput whole-genome miRNA expression profiling in breast tissue samples from
both AA and EA women. A number of differentially expressed miRNAs, i.e., DEmiRs defined as >2-fold change in expression
and false discovery rate <0.05, were identified as up- or downregulated by tumor ER status or by ancestry. We found that
among 102 ER-subtype-related DEmiRs identified in breast tumors, the majority of these DEmiRs were race specific, with
only 23 DEmiRs shared in tumors from both AAs and EAs; this finding indicates that there are unique subsets of miRNAs
differentially expressed between ER- and ER positive tumors within AAs versus EAs. Our overall results support the notion
that miRNA expression patterns may differ not only by tumor subtype but by ancestry, indicating differences in tumor
biology and heterogeneity of breast cancer between AAs and EAs. These results will provide the basis for further functional

analysis to elucidate biological differences between AAs and EAs and to help develop targeted treatment strategies to

reduce disparities in breast cancer.

Introduction

Breast cancer is a heterogeneous disease, characterized by
molecularly and phenotypically distinct tumor subtypes, linked
to disparate clinical outcomes. This biological heterogeneity
has significant implications; as in routine clinical practice, the
treatment regimens for breast cancer are still primarily deter-
mined based on hormonal receptor expression of the primary
tumor, particular expression of the estrogen receptor (ER) (1).
Compared with women diagnosed with ER positive (ER+) breast
cancer, those with ER negative (ER-) tumors in general have a

poor prognosis, partly because of their aggressive phenotype
and the lack of targeted therapy. It is well established that breast
cancer disproportionately affects American women of African
ancestry (AA) and those of European ancestry (EA). Specifically,
AA women are more likely than EAs to be diagnosed with breast
cancer at younger ages; to develop more aggressive, ER- or
triple negative (TN) tumors; and to die of this disease (2). One
biological explanation for this mortality disparity is the higher
proportion of aggressive subtypes seen in AAs. However, the
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Abbreviations

AA African ancestry

DEmiRs differentially expressed miRNAs
EA European ancestry

ER estrogen receptor

FC fold change

FDR false discovery rate

GPCR G-protein-coupled receptor
miRNA microRNA

TCGA The Cancer Genome Atlas
IPA Ingenuity Pathway Analysis

underlying causes of AA predisposition to ER-/TN breast cancer
are still largely unknown. Further studies are needed to investi-
gate potential race-related tumor biological differences, and to
define how such differences may drive more aggressive pheno-
types in AA women.

Several studies have examined biological differences in
tumors between AAs and EAs, and found a number of race-
associated genomic differences on DNA methylation, genetic
variants, protein and gene expression (3-5). However, studies
are still limited on the potential regulatory mechanisms asso-
ciated with these observed differences. MicroRNAs (miRNAs)
are a family of small non-coding RNAs that function as key
regulators of gene expression, through induction of mRNA
degradation or interference with mRNA translation (6,7).
A single miRNA can potentially regulate the expression of
hundreds of genes, and as a consequence, they play essential
roles in the regulation of many important biologic processes in
cancer pathophysiology, including cell proliferation, differen-
tiation, apoptosis, immunity and the stemness of the cancer
cells (8,9).

Recent research has shown that miRNAs are aberrantly
expressed in nearly all human cancers and that this altered
miRNA expression has been associated with distinct tumor
characteristics and cancer prognosis (10-13). In breast cancer,
much of the miRNA research has focused on identifying changes
with tumor clinicopathological factors, particularly in regards to
tumor ER subtype. Some miRNAs have been shown to be up- or
downregulated, and have been associated with tumor patho-
logic features and subtypes (11,14-16). Several miRNAs have also
been found to play roles in breast cancer invasion and metasta-
sis (17-19). However, most of these earlier studies focused on a
small number of candidate miRNAs, or a defined larger subset,
using real-time PCR or microarrays. In addition, most of these
studies did not attempt to link miRNAs and their mRNA targets.
Most importantly, few studies have examined the tumor miRNA
expression changes in AA populations and their potential role in
breast cancer disparities. Examining differential miRNA expres-
sion in aggressive ER- groups, which are more common in AA
women, may provide insights into understanding breast can-
cer racial disparities. In addition, identification and quantifica-
tion of miRNA changes by ER subtype within and across race
may improve our understanding the biology and heterogeneity
of breast cancer, e.g. how miRNA expression modulate ER, and
further how these miRNAs could serve as potential therapeutic
targets for novel treatments.

In this study, we aim to characterize miRNA expression pat-
terns in breast tissue samples from both AA and EA women by
performing whole-genome miRNA expression profiling using
next-generation sequencing technologies (miRNA-seq). We
hypothesized that miRNA expression patterns in breast cancer
differ by tumor subtype and between races. Given limited data

on AA women, we examined miRNA expression changes in ER-
versus ER+ tumors separately for each race, and also compared
the variability within and across race. For a subgroup of tumors
analyzed by miRNA-seq, mRNA sequencing (RNA-seq) data were
also available, which allowed us to integrate miRNA-mRNA data
to examine potentially targeted pathways of miRNAs.

Materials and methods

Tissue sample collection

Fresh frozen tissue samples were obtained from 58 breast cancer patients
(29 AA and 29 EA women) and 10 (5 AA and 5 EA) healthy women. The
protocol was approved by the Roswell Park Institutional Review Board.
Breast tumor tissues were collected from patients who were treated at
Roswell Park, after patient consent for use of remnant tissue for research,
snap frozen and stored by the Roswell Park Pathology Network Shared
Resource. Normal breast tissue samples were from women undergoing
reduction mammoplasty, with pathology determined free of any abnor-
malities, as described previously (20). Total RNA was extracted and stored
at -80°C until use.

miRNA sequencing and data processing

miRNA sequencing was performed at the University at Buffalo New York
State Center of Excellence in Bioinformatics and Life Sciences. A total
of 1 ug of total RNA was used for small RNA c¢DNA library preparation
using the NEBNext Multiplex Small RNA kit, which has been optimized
to minimize adaptor-dimers contamination while producing high-yield,
high-diversity libraries. The Blue Pippin Prep from Sage Sciences was
used for size selection. The samples were sequenced on the Illumina
HiSeq 2500 platform, a powerful and efficient ultra-high-throughput
sequencing system, using High Output 50-Cycle Single Read sequencing.
We ran 12 samples in each lane, which could generate a good sequenc-
ing depth, an average of ~12.5 million reads per sample. All samples
were randomized across the six lanes with respect to patient’s race for
sequencing. According to Illumina guidelines for small RNA sequencing,
1-2 million reads is an accepted range for expression profiling experi-
ments, whereas 2-5 million reads is the accepted range for discovery
applications.

The 3’ adapter (AGATCGGAAGAGCACACGTCTGAACTCCAGTCA) in
the reads was trimmed by cutadapt (version 1.12). Only the reads with
at least 6 nt perfect match against the adapter sequences and longer
than 15 nt were kept for the downstream analysis. The trimmed reads
were aligned to human reference genome (hgl9) by Burrows-Wheeler
Aligner (version 0.7.15) with no mismatches allowed. The miRNA profil-
ing pipeline developed by the British Columbia Genome Sciences Centre
was implemented to quantify miRNA expression. The-Cancer-Genome-
Atlas-formatted miRNA quantification data were generated including
expression levels for the known pre-miRNAs and mature miRNAs for
all samples. The variance stabilizing transformation was applied to raw
count data by DESeq2 package. Unsupervised hierarchical clustering
analysis was performed on miRNA expression patterns of breast tissue
samples.

Detection of differentially expressed miRNAs

The R package DESeq2 (21) was used to identify differentially expressed
miRNAs (DEmiRs) between groups. Specifically, DESeq2 normalizes read
counts using size factors, which is the median ratio of a sample’s observed
counts to the geometric mean of counts across all samples. Differences in
read counts for each individual miRNA were evaluated in breast tissues
between groups, i.e. normal versus patients, ER- versus ER+ tumors, and
AAs versus EAs. DESeq?2 estimates dispersion using the Cox Reid-adjusted
profile likelihood method. The negative binomial generalized linear model
was further used to obtain maximum likelihood estimates for each miR-
NA’s log-fold change between two groups, and then the Wald test was
used to determine DEmiRs. The false discovery rate (FDR) was computed
using the Benjamini and Hochberg approach to adjust for multiple com-
parisons. The statistically significant DEmiRs were defined as fold change
(FC) >2.0 and FDR<0.05.



The Cancer Genome Atlas (TCGA) data processing
analysis

TCGA miRNA expression data were downloaded from GDAC Broad
Institute  (http://gdac.broadinstitute.org/runs/stddata__2016_01_28/data/
BRCA/20160128/), and only data generated by the same sequencing plat-
form as this study (i.e. Illumina HiSeq) were included. Only samples
annotated as ‘primary solid tumor’, with race ‘white’ or ‘black or African
American’ and ‘Positive’ or ‘Negative’ ER status were included. This fil-
tering process retained 648 samples for the downstream analysis, with
tumor characteristics described in Supplementary Table 1, available at
Carcinogenesis Online. All data were processed and analyzed following the
same pipeline as used in the current study. The DEmiRs were defined the
same parameters as our data for comparison.

RNA-seq and data processing

Among the 58 breast tumors included in the miRNA-seq, RNA-seq was
performed on 50 tumors, as described previously (22). Briefly, a 1 pg’s ali-
quot of RNA quantified by Quant-iT RiboGreen RNA assay Kit (Invitrogen
#R11490) was used for library preparation using TruSeq(r) Stranded Total
RNA LT with Ribo-Zero TM Gold (Illumina #RS1222301). Library prepa-
rations were run on HiSeq2500, generating 100 bp stranded paired-end
reads. In this analysis, the RNA-seq reads were aligned to human refer-
ence genome (hgl9) by STAR (version 2.5.2b) with the GENCODE gene
annotation (version 19). Then RSEM (version 1.2.31) was applied for the
gene quantification, the expression level for each gene was measured in
counts per million. Similar to miRNA-seq data analysis, the significant dif-
ferentially expressed mRNAs were defined by the DESeq2 package with
FC>2.0 and FDR<0.05. We further excluded 19 samples with relatively low
useable sequencing reads (i.e. <25% reads), leaving 31 tumor samples in
the following miRNA-mRNA integrated analysis, which include 17 ER+
and 14 ER- tumors (Supplementary Table 2, available at Carcinogenesis
Online).

miRNA target gene prediction and pathway analysis

The Ingenuity Pathway Analysis (IPA) microRNA Target Filter was used to
identify mRNA targets for the DEmiRs. IPA incorporates experimentally
validated targets from TarBase and miRecords, predicted targets from
TargetScan (Human), and manually collected miRNA-mRNA interactions
from the peer-reviewed literature, which allows for the integration of
miRNA with both validated and predicted mRNA targets. After prioritizing
the miRNA-mRNA relationships in IPA, RNA-seq data were incorporated
into the target filter analysis pipeline. Then, the expression-pairing filter
was applied to specifically identify mRNA targets inversely correlated in
expression with corresponding miRNAs. Finally, the Core Analysis in IPA
was performed to understand the functions of these target genes. A right-
tailed Fisher’s exact test was run through IPA software and functions with
P-value <0.05 were considered significant. In this analysis, we focused
on miRNAs and mRNA targets with inverse relationships based on the
hypothesis that miRNAs bind to their target mRNA and negatively regu-
late its expression.

Results

miRNA expression profiling in normal and tumor
breast tissue

miRNA-seq was performed to profile miRNA expression in
breast tissue samples from 58 breast cancer patients (29 AA
and 29 EA) and 10 (5 AA and 5 EA) women undergoing reduction
mammoplasty. Overall patient and tumor characteristics were
comparable between AA and EA patients (Table 1).

We detected a total of 2113 mature miRNAs in this sample
set. Of the 1333 miRNAs detected in normal breast, all but 16
were also expressed in breast tumors along with an additional
780 miRNAs identified only in cancer samples (total of 2097).
Unsupervised hierarchical clustering based on the top most
500 highly expressed miRNAs identified two distinct clusters of
miRNA expression patterns (Supplementary Figure 1, available
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Table 1. Tumor characteristics of 58 breast cancer patients.
AA EA
Characteristics N (29) N (29) p2
Age 0.57
<50 8 10
>50 21 19
ER status 0.60
Positive 15 17
Negative 14 12
PR status 0.79
Positive 13 14
Negative 16 15
HER2 0.01
Positive 4 12
Negative 25 16
Grade 0.79
Moderate-differentiated 6 4
Poorly differentiated 23 25
Node status 1.00
Negative 10 10
Positive 19 19
Tumor stage 1.00
Stage I and II 18 18
Stage IIl and IV 11 11

2Chi-square or Fisher’s exact test, as appropriate.

at Carcinogenesis Online). Cluster 1 contains normal breast sam-
ples (yellow bar), cluster 2 includes tumor samples (green/pur-
ple), with cluster 2a enriched for ER- cancers (green bar) and
cluster 2b enriched for ER+ subtypes (purple bar). We profiled
only a small number of normal breast samples because our
study focused on differences in tumors by race and ER status;
nevertheless, our data showed that miRNA expression patterns
clearly distinguish tumor from normal breast tissue. No signifi-
cant clustering was observed between tumor samples from the
two races. As shown in Supplementary Figure 2, available at
Carcinogenesis Online, of the 500 miRNAs identified as differen-
tially expressed (DEmiRs, FC>2; FDR<0.05) between tumor and
normal tissue, 106 were specific to AAs, 106 were unique to EAs
and 288 were observed for both AAs and EAs.

Identification of DEmiRs between ER- and ER+
tumors in AAs and EAs

As data are limited in tumor miRNA expression profiling in AA
populations and there is a clear pattern of miRNA differences
by ER subtype, in the current study, we first performed analy-
ses to identify miRNAs differentially expressed by ER status for
each race, separately. In cancers from AA women, we identified
63 DEmiRs between ER- and ER+ breast tumors (43 upregulated
and 20 downregulated). Similarly, in tumors from EA women, we
identified 62 DEmiRs (47 miRs upregulated and 15 downregu-
lated). Among the 102 unique DEmiRs by ER status identified in
breast tumors from either AA or EA women, 23 DEmiRs were
identified in both races with the same direction in expression
change, 40 were specific to AAs and 39 were specific to EAs
(Figure 1A). As shown in volcano and box plots (Figure 1B-D), in
breast tumors from both AA and EA women, miR-934 and miR-9
(-3p, -5p) were among the most highly expressed and upregu-
lated miRNAs in ER- versus ER+ tumors, whereas miR-190b and
miR-135a-5p were among the highly downregulated. In con-
trast, multiple members of the miR-17-92 cluster (e.g. miR-17,
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Figure 1. The differentially expressed miRNAs [DEmiRs: fold change (FC)>2; false discovery rate (FDR)<0.05] between estrogen receptor negative (ER-) and ER positive
(ER+) tumors in African ancestry (AA) and European ancestry (EA) women. (A) Venn diagram showing the number of DEmiRs by ER status specific to AA women (n = 40),
common in both AA and EA women (n = 23) and specific to EA women (n = 39). (B and C) Volcano plots showing selected up- or downregulated DEmiRs by ER status in
EA (B) and in AA women (C). Closed circles represent DEmiRs specific to either AA or EA women; triangles represents DEmiRs common in both AA and EA women; red
represents for upregulated and blue for downregulated DEmiRs. The log, fold change of miRNA expression in ER- versus ER+ tumors is on the x-axis, and the y-axis
shows the log, of FDR (adjusted P-value). (D) Box plots of log, of counts per million reads (CPM) of miR-190b, miR-135a-5p, miR-9-5p and miR-934 in ER- and ER+ tumors
among AA and EA women. Blue represents ER- and red represents ER+ tumor.



-18a, -18b and -92a-1) and paralogues, miR-106a-363 and miR-
106b-25, were all upregulated specifically in EA tumors, whereas
miR-4697-3p and miR-483-3p were downregulated. On the other
hand, in AA tumors, multiple members of the miR-515 family
(e.g. miR-522, -516a, -519a) were upregulated, whereas miR-
375 and miR-10a-3p/5p were downregulated in these samples.
The full list of these significant DEmiRs by ER subtype for each
group is presented in Supplementary Table 3a-c, available at
Carcinogenesis Online.

Identification of DEmiRs between breast tumors
from AA and EA women

We then compared miRNA expression patterns between tumors
from the two race groups, stratified by tumor ER status. Our anal-
ysis identified eight miRs differentially expressed between AAs
and EAs within ER+ tumors (Table 2). Of these, miR-105-5p, miR-
767-5p and miR-122-5p, were among the most downregulated,
whereas miR-187-3p and miR-937-3p were the most upregulated
in AAs compared with EAs. Four DEmiRs by race were identified
within ER- tumors (Table 2), all four of which (miR-10a-3p, miR-
10a-5p, miR-3176 and miR-190b) were downregulated in AAs
compared with EAs.

Validation of DEmiRs by analysis of TCGA

The same analysis pipeline was used to identify DEmiRs in
648 breast cancer samples in TCGA. When comparing changes
in miRNA expression by ER status, we observed good con-
cordance in the ‘direction’ (i.e. up- or downregulated in ER-
tumors compared with ER+ tumors) of expression change in
our dataset with those identified in TCGA; the large majority
of DEmiRs identified in our study showed the same direction
of expression differences between ER-subtypes as in the TCGA
dataset (Figure 2A and B, plotted in red). For example, miR-
934 was among the most upregulated, whereas miR-190b was
among the most downregulated in ER- versus ER+ tumors in
both races in both datasets. Consistent with our data, in EAs,
multiple members of the miR-17-92 cluster, such as miR-17a-
5p/-3p, were upregulated, whereas in AAs, several members of
miR-515 family, such as miR-522 and miR-1283, were signifi-
cantly upregulated. There were only a few DEmiRs that were
inconsistent with direction of expression differences (plotted
in blue). In contrast, the concordance was lower among the few
DEmiRs identified by race, especially in ER+ tumors (Figure 2C
and D). We found that in ER- tumors, two (miR-3176 and miR-
190b) showed consistent expression changes in both datasets,
whereas the other two (miR-10a-3p, -5p) showed consistent
direction of expression differences but did not reach statisti-
cal significance in TCGA data to be identified as a DEmiRs. In
ER+ tumors, two DEmiRs (miR-937 and miR-3607) showed
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consistent changes in the direction of expression whereas the
others did not (Figure 2C). The FC and P-values of these miRNAs
are included in Supplementary Tables 4a-c and 5a and b, avail-
able at Carcinogenesis Online.

We also similarly present DEmiRs identified either in our
dataset or in TCGA in Supplementary Figure 3, available at
Carcinogenesis Online. For DEmiRs by ER status (Supplementary
Figure 3A and B, available at Carcinogenesis Online), we observed,
overall, that DEmiRs identified in both datasets showed con-
sistent changes in expression direction (plotted in orange).
A number of miRNAs were identified as DEmiRs (i.e. FC>2,
FDR<0.05) only in our study or in the TCGA dataset (plotted in
red and blue, respectively); nevertheless, most of these miRNAs
showed the same direction of expression change in both data-
sets. In contrast, fewer DEmiRs by race were identified in both
data, and the concordance was lower, especially in ER+ tumors
(Supplementary Figures 3C and D, available at Carcinogenesis
Online).

mRNA target identification of DEmiRs and pathway
analysis

To investigate the biological relevance of the DEmiRs, their
target genes and corresponding expression values were
uploaded into the Dataset Files of IPA software. The path-
way analysis in IPA was then performed to identify biological
functions and predominant canonical pathways from the IPA
library based on their significance and enrichment in these
pathways. Our findings suggest that these miRNAs play a role
in various key molecular processes related to and beyond
ER biology. The top canonical pathways related to DemiRs
by ER status in EAs and AAs are shown in Figure 3. Several
ER-subtype associated pathways showed similar activities in
both races, such as p53 signaling, Wnt/f-catenin and estro-
gen-dependent breast cancer signaling. In contrast, a number
of pathways showed different levels of activities between EAs
and AAs. For example, several G protein related pathways,
including G-proteins, Gai, Gas, Gy and cAMP-mediated sign-
aling, were upregulated in AAs, but downregulated in EAs.
As a case in point, among targets within the cAMP-mediated
signaling pathway, our mRNAseq analysis showed that sev-
eral G-protein coupled receptors (GPCR; e.g. FFAR3, GLP1R and
NPR3) were upregulated in ER- compared with ER+ tumors in
AA women, but not in EA women. We also found a small num-
ber of gene targets for the few DEmiRs identified by race. The
gene targets for several DEmiRs are listed in Supplementary
Table 6a and b, available at Carcinogenesis Online. For example,
we found in ER- tumors, several target genes of miR-3176 (e.g.
ADIPOQ, SCRG1, USH1G and PLA2G2A) were upregulated in AA
versus EA women.

Table 2. MiRNAs significantly differentially expressed (FC > 2, FDR < 0.05) in breast tumors between AA and EA women.

ER+ tumors (AA versus EA)

ER- tumors (AA versus EA)

miRNA Regulation Log, FC P-value FDR miRNA Regulation Log, FC P-value FDR
hsa-miR-105-5p Down 5.49 3.06E-05 0.014 hsa-miR-3176 Down 2.79 2.48E-06 0.002
hsa-miR-767-5p Down 5.26 3.69E-05 0.014 hsa-miR-10a-3p Down 2.73 2.62E-06 0.001
hsa-miR-122-5p Down 3.16 4.70E-05 0.014 hsa-miR-10a-5p Down 2.54 5.20E-06 0.007
hsa-miR-3607-5p Down 1.99 0.0003 0.036 hsa-miR-190b Down 2.25 8.32E-05 0.02
hsa-miR-499a-5p Down 1.23 8.28E-05 0.019

Has-miR-4482-5p Up 2.21 0.0002 0.036

Has-miR-937-3p Up 221 0.0002 0.036

Has-miR-187-3p Up 2.52 0.0004 0.044
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Figure 2. DEmiRs identified in the current (Gong) study and in The Cancer Genome Atlas (TCGA). (A and B) Scatter plot of fold-change by estrogen receptor (ER) subtype
for DEmiRs from Gong (x-axis) versus TCGA (y-axis) in European ancestries (EAs) (A) and in African ancestries (AAs) (B). (C and D) Scatter plot of fold-change by race
for DEmiRs from Gong (x-axis) versus TCGA (y-axis) in ER+ (C) and in ER- tumors (D). DEmiRs with consistent fold change direction in both data are plotted in red; and

DEmiRs with inconsistent fold-change direction are plotted in blue.

Discussion

Unlike previously published studies that focused on EA women,
we evaluated miRNA expression patterns in breast tissues of
both AA and EA women. Our results show that genome-wide
miRNA profiling can clearly distinguish normal from tumor tis-
sue, as well as most ER- tumors from ER+ tumors. We identi-
fied a number of miRNAs differentially expressed by tumor ER
subtype within both races, and found that a majority were race
specific, with only 23 DEmiRs shared in tumors from both AA
and EA women. These data indicate that there are unique sub-
sets of miRNAs significantly associated with breast cancer ER
phenotypes within AA and EA samples. Further, in the direct

comparison of tumor miRNA expression levels between tumor
samples from AAs and EAs, we observed modest differences, as
eight and four miRNAs were identified within ER+ and within
ER- tumors, respectively, further suggesting potential racial dif-
ferences in tumor miRNA expression.

A subset of identified miRNAs was differentially regulated in
ER- versus ER+ tumors, regardless of race. Top DEmiRs include
miR-934, miR-9-3p/5p, miR-18a/18b, miR-135b and miR-190b,
which showed expression changes consistent with results from
our analysis of the TCGA dataset and from several previous
studies (15,16,23-26). These observations are in line with the fact
that most published studies have focused exclusively on EAs.
Interestingly, in both races, miR-934 was highly upregulated in
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Figure 3. Top canonical pathways from IPA on by-ER DEmiR-target genes in AA and EA women. The heatmap shows the top pathways enriched from target genes of
DEmiRs in EA and in AA women, respectively. The calculated activation Z score indicates a pathway with genes exhibiting overall increased mRNA levels (positive Z

score: red bars) or decreased mRNA levels (negative Z score: blue bars).

ER-/TN compared with ER+ tumors, and was previously found
to be associated with downregulated ESR1 expression (25,26).
Consistent with these reports, ESR1 was one of the most nega-
tively correlated target genes for miR-934 in our dataset and in
TCGA. These findings raise the intriguing possibility that such
miRNAs may be functionally involved in the development or
maintenance of the ER- tumor phenotype, through repression
of pro-luminal gene expression (e.g. ESR1). Thus, miR-934 may
represent a promising biomarker for ER—/TN breast cancer and
possible future therapeutic target for aggressive types of breast
cancer for both AA and EA women.

Interestingly, we identified a number of ER-subtype spe-
cific miRNAs unique to tumors from either EAs or AAs.
Within EA tumors, multiple members of the miR-17-92 clus-
ter and its two paralogues were significantly upregulated in
ER- compared with ER+ tumors in our dataset and in TCGA.
This was also similarly observed in the study by Enerly et al.
(25), which found these were the most significantly differen-
tially expressed clusters, and several of these miRNAs were
overexpressed in highly proliferative, basal-like tumors. The
deregulation of members of these clusters has been frequently
reported in several cancer types (27-30), and they have been
found to target genes such as PTEN and TGF-f3 signaling, with
important functions in cell cycle progression, apoptosis and
angiogenesis (31-33). Within AA tumors in contrast, we identi-
fied multiple members of the miR-515 family that were signifi-
cantly upregulated in ER- versus ER+ tumors. Members of the
miR-515 family belong to the chromosome 19 miRNA cluster,

which recent studies have implicated in cancer and stem cell
biology (34). In the single previous study that examined dif-
ferences in miRNA expression by tumor subtype in AAs, miR-
522 was found to be upregulated in TN versus non-TN tumors
(35). Overexpression of miR-522 has been shown to promote
breast cancer cell detachment, invasion, and mesenchy-
mal gene expression, properties associated with metastasis
(36). Collectively, our results suggest that miRNAs in differ-
ent clusters may be specifically involved in the biology of the
aggressive, ER-/TN breast cancer in EAs or in AAs. The unique
expression changes of these miRNAs by ER status of EA or AA
women could be used as additional diagnostic and prognostic
biomarkers to stratify patients and to better assess treatment
responses. More importantly, it is feasible to design novel,
effective therapeutics that directly target these miRNAs and/
or their target genes for treatment of aggressive, ER- breast
cancer, specifically for AA or EA women.

As for overall functions of these ER-subtype associated
DEmiRs, a number of signaling pathways were enriched in
either AAs or EAs. Particularly, we found several G-protein-
related pathways were among the most upregulated pathways
in tumors from AAs compared with those from EAs. G-proteins
are important cell-surface molecules and responsible for cellu-
lar signal transduction (37). G-protein activation through GPCR
stimulation triggers the production of other second messengers
(e.g. cAMP), which further regulate critical intracellular path-
ways and drive the migration, invasion and metastasis of cancer
cells (38,39). A recent study showed that GPCR 161 (GPR161) is
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overexpressed specifically in TN breast cancer and associated
with poor prognosis (40). Our findings that DEmiR target genes
enriched specifically for G-protein pathways in AA women who
are often diagnosed with aggressive types of breast cancer are
intriguing, as emerging evidence suggests that GPCRs and down-
stream signaling networks have a crucial role in tumor growth,
angiogenesis and metastasis (39). It is likely that G-proteins and
GPCRs may be suitable targets for cancer prevention and treat-
ment, particularly for AA women (41).

Compared with differences by ER status, we observed
fewer DEmiRs when directly comparing tumors by race within
a specific ER subtype. This may be explained by our limited
sample size, and the fact that race-based differences in tumor
miRNA expression may be moderate in magnitude. However,
several by-race DEmiRs within ER- tumors were consistent
with results from TCGA. For example, miR-190b and miR-3176
were significantly downregulated in AAs compared with EAs.
Lower expression of miR-190b and miR-3176 has been associ-
ated with reduced breast cancer metastasis-free survival (16)
and prostate cancer chemoresistance (42), respectively. Given
the small number of significant mRNA targets identified for
the small number of race-associated DEmiRs, we did not carry
out a formal pathway analysis. However, we observed that sev-
eral target genes of miR-3176, such as ADIPOQ and PLA2G2A,
were associated with breast cancer progression (43) and poor
therapeutic response and survival in rectal cancer (44). Further
larger studies will be needed to validate these intriguing
findings.

Our study has several strengths. We performed miRNA
expression profiling using miRNA-seq, which not only enables
quantitation of miRNA expression differences between groups,
but also characterizes, globally, the presence and abundance of
all miRNAs across the miRome. Unlike most previous studies,
we examined tumor miRNA expression changes in tumors from
both AA and EA women and used TCGA data as a validation of
our findings. Although our primary focus was not to provide
mechanistic data, we integrated miRNA-mRNA expression data
and investigated potential biological functions and pathways
for altered miRNAs and their target genes. This study also has
limitations. Our sample size is relatively small, though we used
comprehensive high-throughput technology with adequate
depth and matched patients between groups. In contrast to
miRNA expression differences between tumor subtypes within
a given race, we observed smaller differences between races
within a given tumor subtype. This could be explained by limited
statistical power, and the fact that absolute race-based differ-
ences in tumor miRNA expression may be moderate. In addition,
although the major purpose of this current study is to examine
expression patterns of mature miRNAs, recent work suggested
that isoforms of miRNAs (i.e. isomiRs) differ by breast cancer
subtypes and between races (45,46). We will consider integrating
expression of isomiRs in our future analyses.

In summary, limited studies to date have evaluated the
potential role of miRNAs in breast cancer disparities. Our study
identified a number of dysregulated miRNAs not only by tumor
subtype within a given race, but between races within a given
subtype, indicating differences in tumor biology and hetero-
geneity of breast cancer between EAs and AAs. Although exact
functional roles in breast carcinogenesis remain to be further
elucidated, these ER- and race-related miRNAs may represent
promising candidate biomarkers for ER-/TN cancers and may
serve as new therapeutic targets for treatment.
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