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Abstract Breast cancer (BC) has emerged as a deadly dis-
ease that affects the lives of millions of women worldwide. It
is the second leading cause of cancer-related deaths in the
United States. Advancements in BC screening, preventive
measures and treatment have resulted in significant decline
in BC related deaths. However, unacceptable levels of racial
disparity have been consistently reported, especially in
African-American (AA) women compared to European
American (EA). AA women go through worse prognosis,
shorter survival time and higher mortality rates, despite
higher cancer incidence reported in EA. These disparities
are independent of socioeconomic status, access to healthcare
or age, or even the stage of BC. Recent race-specific genetic
and epigenetic studies have reported biological causes, which
form the crux of this review. However, the developments are
just the tip of the iceberg. Prioritizing primary research to-
wards studying race-specific tumor microenvironment and
biological composition of the host system in delineating the
cause of these disparities is utmost necessary to ameliorate
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the disparity and design appropriate diagnosis/treatment reg-
imen for AA women suffering from BC. In this review article,
we discuss emerging trends and exciting discoveries that re-
veal how genetic/epigenetic circuitry contributed to racial
disparity and discussed the strategies that may help in future
therapeutic development.

Keywords Breast cancer - Racial disparity -
Tumor microenvironment - African-American -
European American - microRNAs

Introduction

BC is the leading cause of cancer-related deaths worldwide in
women aged 2959 years (Siegel et al. 2016). In the United
States, 255,180 new cases of invasive BC and 63,410 new
cases of non-invasive (in situ) BC will be diagnosed in women
in 2017. About 40,610 women will lose their lives to BC
(ACS. 2017). The lifetime risk of developing BC is the highest
in North America (Forouzanfar et al. 2011). BC is classified
based on intrinsic subtyping as luminal A, luminal B, Her2
overexpressed, basal and normal-like (Cejalvo et al. 2017).
Further based on expressions of hormone receptors (HR)
namely estrogen receptor (ER), progesterone receptor (PR)
and human epidermal growth factor receptor (Her2), BC is
classified as ER+/PR+/Her2+, ER+/PR+/Her2-, ER—/PR
—/Her2+, and ER—/PR—/Her2- (Onitilo et al. 2009).

Luminal subtypes of breast cancer are positive for ER and
PR receptors. Luminal can be further classified into luminal
A, and luminal B. Luminal A is the most common type of
breast cancer with positive ER and PR, but the negative Her2
expression and a low expression of Ki67. Hence, luminal A
has the best prognosis overall. But, AA gets this type of cancer
less frequently than EA. In the Carolina Breast Cancer Cohort,
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luminal breast cancer accounted for 67% of breast cancer in
postmenopausal EA, and 55% in postmenopausal AA (Dai
et al. 2015). Luminal B, on the other hand, is ER+, PR+ and
Her2+ and occasionally ER+ PR+ and Her2-. It also has a
higher expression of Ki67 which leads to a worse prognosis
(Thompson et al. 2016). Luminal A responds better to only
hormone therapy, whereas luminal B needs a combination of
hormone therapy and chemotherapy.

Her2 overexpressed BC is ER- and PR- and Her2+. This
subtype has a worse prognosis than luminal types. However,
significant progress has been made in the treatment of this
type of BC. Her2 inhibitors combined with chemotherapy
have resulted in the improved prognosis of Her2+ BC
(Dawood et al. 2010; Swain et al. 2015). Despite improved
prognosis, a majority of patients with Her2+ metastatic BC
treated with the current standard of care has shown a high risk
of relapse in 12—18 months of treatment (Baselga et al. 2012;
Nahta et al. 2006; Swain et al. 2015). AA patients treated with
trastuzumab showed significantly lower overall median sur-
vival and progression-free survival compared to EA patients
receiving the same therapy (Rugo et al. 2013).

Basal type lacks ER, PR, and Her2 and therefore is also
called as triple negative breast cancer (TNBC). This kind of
cancer is the most fatal and has the worst prognosis overall. It
is very aggressive and prone to metastasis with a lower sur-
vival rate. The size of the tumor in basal type BC is larger, and
the tumor grows rapidly compared to HR positive BC. It is
also known to be the most heterogeneous subtype of BC. The
basal subtype BC is more common in AA than EA, and there
are not many effective treatments available. Besides these,
other two sub-types are also found, although less frequently.
These are claudin-low (Dias et al. 2017; Katayama et al.
2017), and molecular apocrine types (Vranic et al. 2015).

Hormone receptor (HR) positive BC has a good progno-
sis, as they can be treated using available hormone-based
therapies. TNBC, on the other hand, has the worst prognosis
as it does not succumb well to current treatments. Histology
of normal duct and classification of BC subtypes have been
depicted in Fig. 1. As illustrated in figure A, a normal mam-
mary duct consists of a lumen, surrounded by an epithelial
layer called as luminal epithelium which in turn rests on
myoepithelial cells. The outermost layer is the basement
membrane. Myoepithelial layer along with the basement
membrane plays a critical role in separating the lumen and
stromal compartments. Aberrations in the numbers or func-
tions or both of myoepithelial cells cause the luminal epithe-
lial cells to escape outside of the duct and turn invasive
(Polyak and Kalluri 2010). The characteristics of different
breast tumor subtypes, their origin, morphology and clinical
significance are shown in Table 1. BC, in general, is a com-
plex, heterogeneous disease that makes it challenging to un-
ravel. In the past few years, several reports have highlighted
an alarming rate of racial disparity in BC. The disparity in
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Fig. 1 a. Histology of a normal human mammary duct and cell types. b.
Subtypes of breast cancer and the heterogeneity within these types

occurrence and severity of BC has been reported across sev-
eral ethnic groups. Hispanic women have been found to be
diagnosed with BC at a younger age (~11 years) compared to
EA women, and they also had higher TNBC and poor
cancer-specific survival as well as lower disease-free survival
(Lara-Medina et al. 2011). On the other hand, the rate of
development of BC and related death is reported to be lower
in Hispanics, Asian and Native American women (ACS.
2017). AA form the third largest ethnic group in the United
States and several reports consistently showed that BC is
crueler to AA as compared to EA (Dietze et al. 2015). In
addition, AA women show very poor BC associated survival
rate and response to therapy. AA women suffering from BC
show a higher percentage of recurrence, death rate, BMI and
lower quality of life compared to EA patients with BC (Wu
et al. 2017). Earlier, socioeconomic condition and poor ac-
cess to health care were blamed for this disparity, but ad-
vanced research tools used to analyze population study
showed that racial disparity exists between AA and EA at
biological levels, which is independent of economic factors
and lifestyle differences.

BC occurrence has been more or less stable in EA women
during 2008-2012, whereas there was 0.4% per year increase
in AA women in the same time period (DeSantis et al. 2016).
Localized breast cancer incidence increased in EA women by
0.9% per year during 2004-2012, while the increase was more
than double in AA patients. Early screening and improved
treatment modalities have led to significant decline in BC
related death rate, but this drop-in mortality is seen more in
EA women compared to AA. Data from the Surveillance
Epidemiology and End Results (SEER) program suggested
that the five-year survival rate was 92% in EA women, but
82% in AA women (Howlader et al. 2015). Considering these
facts, the seemingly marginal (0.4%) increase in breast cancer
occurrence in AA women snow-balls into a scenario that is
detrimental to their health and well-being.
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Table 1 Breast Cancer subtypes

and their characteristics (modified Subtypes ER PR HER2 Origin Morphology Prognosis

from Dai et al. 2015
Luminal A + + - Luminal Epithelial good
Luminal B + + —/+ Baso-luminal Baso-luminal average
Her2-overexpressed - - ++ Baso-luminal Baso-luminal poor
Basal - - - Myo-epithelial Myo-epithelial poor
Claudin-low - - - Myo-epithelial Myo-epithelial poor
Apocrine - - - Myo-epithelial Myo-epithelial poor

While it is known that AA women suffer more from TNBC
which is more lethal than ER/PR (+) cancer, recently it was
reported that death hazard due to ER/PR (+) tumor was 4
times higher in AA women compared to EA, irrespective of
their tumor stage, grade or therapy timeline (Rauscher et al.
2017). Thus, the lack of information about the mechanistic
details that orchestrates the entire racial disparity is becoming
evident in high magnitude. In addition, reports describing
these disparities have been even contradicting each other as
well as established theories. The above statement has led re-
searchers to speculate that genetic/epigenetic factors strongly
contribute to racial disparity and several reports have indicated
that this indeed is the case. In the interest of providing appro-
priate breast cancer screening and treatment modalities to dif-
ferent ethnic groups, especially when personalized therapy is
close to becoming a reality, it is crucial to unveil the biological
causes of this racial disparity and design regimen to eliminate
the same. This review will focus on summarizing reports spe-
cifically describing disparities seen in breast cancer initiation,
advancement, tumor environment and treatment response be-
tween AA and EA women.

Racial disparity allied with breast cancer incidence
and diversity

As mentioned earlier, AA women have been reported to have a
higher rate of TNBC than EA, however other groups have
reported that TNBC is not the only disparity causing factor.
Interestingly, AA women suffering from ER/PR (+) breast can-
cer show higher mortality, indicating that AA women react
differently to BC sub-types than EA. Between AA and EA
women, EA women have a higher incidence of BC, but in the
younger population (<45 years of age), it is seen that more AA
women suffer from BC compared to EA. Several reports have
adjusted socio-economic factors and access to healthcare and
still found significant age and racial disparity about breast can-
cer initiation and progression between the two populations
(Newman et al. 2006; Sweeney et al. 2014). An investigative
study of women who were diagnosed with invasive BC as
reported in SEER 18 registries database showed that AA wom-
en were less likely to be diagnosed with stage 1 BC compared
to EA (37% vs. 50.8%) (Igbal et al. 2015). However, a risk of

death with stage 1 BC was higher among AA women compared
to EA (6.2% vs. 3.0%). AA women were twice as likely to die
due to small sized tumors as EA (9.0% vs 4.6%). We have
summarized below, key observations based on HR expression:

I. TNBC: A study was carried out in 91,908 women in
California, who were diagnosed with invasive BC between
2006 and 2009, and categorized based on the tumor expres-
sion of HR and Her-2 (Clarke et al. 2012). It was found that
there was no significant difference in the age of initiation of
BC between AA and EA women when any of these sub-
types were considered individually, but they did see a pat-
tern when all these cancer types were analyzed collectively.
Mainly, AA women over the age of 35 years had a higher
incidence of TNBC and lower occurrence of HR+/Her2- a
type of breast cancer compared to EA. An earlier report by
the same group observed higher lifetime risk of TNBC
among AA women compared to EA (Kurian et al. 2010).
An extensive national level data on population-based BC
categorized on molecular sub-types have also been reported
(Clarke et al. 2012; Kohler et al. 2015). They showed that
even at national level, in the United States, AA women had
a higher incidence of TNBC compared to EA, who on the
other hand had a higher occurrence of HR+/Her2- type
cancer, accompanied with better prognosis.

A recent report showed that there was a significant increase
in the number of AA women who were diagnosed with BC at a
younger age (<40 years) (Komenaka et al. 2010). They also
found that even when the age at diagnosis was similar in EA
and AA women, AA women presented advanced clinical stage
when compared to EA. This indicates that BC progression is
more rapid in AA women than in EA. Furthermore, in their
study cohort, significantly higher number of AA women had
HR-negative tumors and suffered higher death rate in compar-
ison to their European counterparts. AA women were thrice as
likely to have TNBC as EA, irrespective of their age and body
mass index (Stead et al. 2009). The Higher predisposition of
AA women, to TNBC, advanced stage tumor, and poor prog-
nosis have also been reported by others (Amirikia et al. 2011).
The 2017 ACS Cancer facts and figures, supports the occur-
rence of this trend (ACS. 2017). Previous studies have also
described that AA breast cancer patients show a higher grade
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tumor with negative ER, PR expression (Porter et al. 2004).
Her2, however, was not significantly different between AA
and EA. Cell cycle components such as cyclin D1, cyclin E,
p53 were overexpressed in AA breast cancer patients, and they
also had a higher mitotic index, and their tumors were more
necrotic. Interestingly, race/ethnicity appears to play a more
important role in determining breast cancer-specific survival
than Her2 status in ER (—) and PR () patients (Brown et al.
2008). AA breast cancer patients were majorly shown to have a
basal-like phenotype which is more aggressive and resistant to
therapy. Thus, BC incidence exhibits a striking level of racial
disparity, with the scale tipping against AA women.

II. ER/PR positive: A histological analysis found that the
risk of luminal A, luminal B, basal-like and Her2+/ER-
cancer subtypes varied considerably between EA and
AA, as shown in Table 2 (O'Brien et al. 2010).
However, the racial effect was seen only in luminal A.
Luminal A are ER/PR+ breast cancer types, and thus
considered to have a good prognosis. However, in their
cohort, they saw that AA women carrying this type of
cancer faced higher mortality rates compared to EA, even
though the percentage risk of this type of BC was less in
AA. On the other hand, a higher mortality was seen in EA
women with basal-like BC. This suggested that though
basal-like subtype is associated with poor prognosis, it
did not play a role in increasing the aggressiveness in
AA women.

Interestingly, PAMS50 gene expression assay showed that
AA women were more likely to harbor basal-like sub-type of
BC (Sweeney et al. 2014). On the other hand, there was a recent
report that death rate in AA women with ER/PR (+) breast
cancer is four times more than in EA. This alarming disparity
confirmed that HR+ breast cancer does not confer same
“desirable” effect in AA, as it does in EA women, in terms of
treatment response and survival (Rauscher et al. 2017).

This further suggests that higher occurrence of TNBC in AA
is not the only cause of the racial disparity, but HR+ breast
cancer too demonstrates significant disparate behavior in AA
women, leading to overall reduced quality of life and prognosis.
It is discouraging to see that the seemingly “good prognosis”
hormone receptor positive BC is more lethal in AA. Overall, it

Table2 Percentage risk of various BC sub-types in EA and AA women
(modified from O’Brien et al. (2010)

Race Luminal A Luminal B Basal-like Her2+/ER-
EA 64% 11% 11% 5%
AA 48% 8% 22% 7%
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was seen that though cancer occurrence is higher in EA women
compared to AA, cancer-related death rate is higher in AA
(Adams et al. 2012; Cunningham and Butler 2004).

Racial disparity influences on prognosis
and treatment

While variation in access to healthcare has been reported as
one of the factors that cause the disparity between AA and EA,
a study on women receiving health care in Department of
Defense (DOD) carries great strength as it negates that vari-
able. They observed that there was no significant difference in
AA and EA BC patients receiving surgery (mastectomy,
breast-conserving surgery plus radiation) or chemotherapy
and hormone therapy in case of a local tumor (Enewold
et al. 2012). However, among patients who had regional tu-
mors, significantly less AA opted for chemotherapy and hor-
mone therapy when compared to EA. This is definitive evi-
dence that stage related racial disparity increases with ad-
vancement of BC and the disparity persists even when there
is equal access to healthcare options. Another group consid-
ered the fact that AA women discontinued or delayed their
treatments more in comparison to EA, and found that even
after negating this factor, AA still shows inferior disease-free
survival. Interestingly, there have been reports that AA and
EA show a variable response to the same type of treatment
(Hershman et al. 2009). In case of stage 2—3 tumors in a cohort
of AA and EA women receiving similar treatment it was seen
that in long-term, AA women with HR+ tumors showed infe-
rior outcome (Tichy et al. 2015). Another recent report
showed poor survival in AA women after BC diagnosis and
reported greater disparity in first two years post-diagnosis in
ER+ cancer (Warner et al. 2015). This clearly points towards
the need to dissect the molecular mechanism behind TNBC
and ER/PR positive BC. We have shown that MCF-7 cells,
which are ER/PR positive, show higher expression of WISP2/
CCNS35, whereas MDA-MB-231 cells which are TNBC, show
no expression of WISP2/CCNS (Banerjee and Banerjee 2012;
Haque et al. 2015; Haque et al. 2011). Further, we reported
that introduction of WISP2/CCNS in TNBC cells caused slow
tumor cell growth (Das et al. 2017; Haque et al. 2015; Sarkar
etal. 2017), and also ameliorated invasiveness of breast cancer
cells (Banerjee et al. 2008). It will be interesting to determine
whether WISP2/CCNS plays any role in BC racial disparity.
Pathologic complete response (pCR) to chemotherapy and
neo-adjuvant chemotherapy in BC patients from the national
cancer database revealed that AA women showed lower pCR
compared to EA, although they were given chemotherapy in
larger numbers than EA. Both TNBC and ER/PR-, Her2+ AA
women, showed same pattern (Killelea et al. 2015). This raises
a possibility that AA women respond differently to chemo-
therapy than EA. Impressive supporting evidence to this came
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from an observation that TNBC cells from AA and EA re-
spond to treatment in a different manner (Martinez et al.
2016). TNBC cells from AA women were more sensitive to
nitrosative stress-induced apoptosis than EA TNBC cells.
Recently, it has been shown that cardiac glucosides inhibit cell
clonogenicity, migration, invasion and viability more selec-
tively in cell lines derived from AA breast cancer tumor than
EA breast cancer tumor (Kaushik et al. 2017). Collectively,
these reports have focused on the importance of considering
racial disparity when treating BC patients and placing a high
priority on racial disparity-centric research.

Racial disparity in tumor microenvironment

Variable response to breast cancer treatment does not sound
surprising when we consider the knowledge that the tumor
microenvironment and the host’s biological composition vary
immensely between AA and EA women suffering from BC
(Martin et al. 2009). At the genetic level, it was found that
tumors from AA women expressed significantly higher levels
of several cell cycle regulating genes, i.e., CDKN2A, CCNA2,
CCNBI, and CCNE2. Other important and differentially reg-
ulated genes were [3- crystallin B2 (CRYBB2), TMPO, AMFR
and putative phosphoserine phosphatase-like protein (PSPHL).
Apart from these differences, AA tumors also carried a pro-
nounced interferon signature. The tumor stroma as well
contained differentially expressed genes, the three most impor-
tant genes being: PSPHL, CXCL10, and CXCL11. Tumors
from AA women also expressed higher levels of angiogenesis
promoting genes (VEGF and syndecan-1). Further, it was suc-
cessfully demonstrated that CRYBB2 and PSPHL could be
used as a two-gene classifier of tumor tissues between AA
and EA breast cancer patients. Thus, the stroma environment
in AA breast cancer patients overall was more inflammatory
and pro-angiogenetic than in EA women. CRYBB?2 is a major
structural protein in the eye lens and has recently been shown
to be over-expressed in AA patients who have prostate cancer
(Faruque et al. 2015). On the other hand, higher levels of
Insulin-like growth factor 2 (IGF2) in AA cell lines, as well
as breast tissues, was reported (Kalla Singh et al. 2010b). IGF2
upregulated anti-apoptotic proteins (Bcl-2, Bcel-xL and
Survivin), which causes cell death inhibition, increased cell
proliferation and metastasis. Further, insulin-like growth factor
1 receptor (IGF1R) was present in significantly higher levels in
normal AA compared to normal EA women. IGFIR levels
were comparable between normal AA and malignant AA
breast cancer. While IGFR2 was upregulated in EA tumors,
phosphorylation of IGFIR, IRS-1 and Shc was higher in AA
breast cancer (Kalla Singh et al. 2010a).

Twenty differentially expressed genes in breast cancer tis-
sue samples obtained from AA and EA women were observed
in a recent study, where AA samples showed alterations in the

G1/S cycle, cell cycle regulatory genes, reduced cell adhesion,
negligible ESR1, PGR, ERBB2 and estrogen pathway targets
(Grunda et al. 2012). These play a role in imparting aggressive
phenotype to the tumor, drug resistance, increased metastasis
and poor survival. Several other genes that were differentially
expressed between AA and EA women, not only in BC tissues
but also in normal breast tissues were involved in cancer toxin
detoxification, cell growth, proliferation and metastasis (Field
et al. 2012). Molecular differences between AA and EA
TNBC tumors determined by gene expression profiling and
immunohistochemistry showed that AA tumors had higher
levels of genes involved in proliferation (AURKB, CDCAS,
CENPM, DDX11, and MK767) (Lindner et al. 2013) . Over-
expression of VEGF in AA tumors correlated with increased
vascularization observed in immunohistochemistry. On the
other hand, BRCA1 and GATA-3 were under-expressed in
AA tumors. GATA-3 acts together with BRCA1 to suppress
the basal subtype genes, thereby building grounds for good
prognosis (Tkocz et al. 2012). Using next-generation sequenc-
ing data from the cancer genomic atlas (TCGA) to determine
differential expression of certain genes in age and stage-
matched AA and EA BC patients, it was found that the num-
ber of differentially expressed genes increased with advanced
disease stage (Stewart et al. 2013). Out of 342 genes and other
transcripts, 110 were upregulated, and 232 were down-
regulated in AA. A high fold difference was seen in 37 genes,
which were relevant to BC. Adenylyl Cyclase-Associated
Protein 1 (Resistin 1) and some components of p53 and
BRCALI pathways were highly expressed in AA tumors in
stage 1. Stage 2 had more genes that were differentially
expressed. A tumor protein p73, Aurora kinase B, polo-like
kinase, associated with cancer aggressiveness were also found
to be highly expressed in AA. A transcript LOC90784, whose
expression is inversely proportional to tumor aggressiveness,
was expressed in low amounts in AA tumors of all stages.
ADAM metalloprotease with thrombospondin type 1 motif
(ADAMTS15) known to inhibit breast cancer cell migration
was also reduced in AA tumors. The expression of CRYBB2
has increased in stage 2 AA tumors as compared to EA breast
cancer patients. Interestingly, CRYBB2 was also reported ear-
lier as a marker to differentiate between AA and EA breast
tumor epithelium (Martin et al. 2009). Stage 3 cancer analyses
showed a much higher number of genes that were differential-
ly expressed, most important being ESR1, which was reduced
inin AA tumors. This indicates that AA women may have less
ER at the later stage of BC which has been correlated with an
earlier report (Grunda et al. 2012). Overall, initial stage tumors
are identical between AA and EA, but exhibit increased diver-
sity at later stages (Table 3).

AA breast tumors were found to have more TP53 muta-
tions and more intra-tumor heterogeneity compared to EA
tumors in an exome sequencing and gene expression study
(Keenan et al. 2015). PAMS50 analysis indicated that AA had
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Table 3  Increasing number of genes were differentially expressed in
AA women compared to EA as cancer stage advanced (modified from
Stewart et al. 2013

Stage No. of No. of
upregulated genes downregulated genes
1 19 7
2 134 27
3 156 67

more basal tumors, both overall and when only TNBC were
considered. Tumors in AA TNBC patients leaned more to-
wards basal-like and mesenchymal stem cell-like, collectively
contributing towards more aggressive characteristics.

Recently, it was shown that p53 mutation was associated
with high centromere amplification, which in turn increased
the aggressiveness of breast cancer. AA women were found
to have higher centromere amplification and thus higher
TNBC, as observed by several others as well (Ogden et al.
2017b). Table 4 summarizes the major genes that various in-
vestigators found to be differentially expressed in AA women
with BC.

Besides clinicopathological factors, epigenetic alterations
may also contribute to breast cancer risk related to racial/
ethnic disparities (Wu et al. 2015). The frequency of promoter
hypermethylation in genes like HIN-1, Cyclin D2, Twist,
RAR-3, and RASSFIA from AA and EA patients was tested
and a higher methylation frequency of these genes in AA
women compared with EA women was reported (Mehrotra
et al. 2004). Further insights regarding the contribution of epi-
genetic variances to racial/ethnic disparities in BC showed that
CpG sites within gene bodies and intergenic regions were more
frequently hypermethylated in AA women than EA women
whereas promoter-related differentially-methylated CpG sites
were more frequently hypermethylated in EA women (Song
et al. 2015). Analysis of tumor suppressor gene promoter
hypermethylation in breast tissue from AA and EA women
showed that tumor suppressor p16™%? promoter hypermethy-
lation was more often detected among EA women with family
history of breast cancer. In contrast, BRCA/ promoter hyper-
methylation was more frequently observed among AA women
with family history (Dumitrescu 2012). Furthermore, in a sep-
arate study, a significant difference in frequencies of DNA
methylation was found between AA and EA (Adkins et al.
2011). Hence, it can be suggested that differences in the fre-
quency of gene promoter methylation may influence the dis-
ease outcome of breast cancer among AA and EA women and
may potentially provide early diagnostic markers and drug
targets for these patients.

MicroRNAs (miRNAs), non-coding, small RNA molecules,
have recently emerged as crucial regulators of BC (Rahman and
Sakr 2012). In a pilot study, several differentially expressed
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miRNAs were observed between normal and BC women of
both ethnic origins (Zhao et al. 2010). Thirty-one miRNAs
were differentially regulated between normal and BC patients
of EA origin, whereas in AA, 18 miRNAs differed between
normal and BC. While this clearly demonstrates how important
miRNAs are in BC, the fact that out of 31 and 18 differentially
expressed genes, only two miRNAs (miR181a, miR-1304)
were common between EA and AA indicates a major racial
disparity involving miRNA expression in BC (Zhao et al.
2010). Interestingly, they also found that let-7d, which targets
epithelial-mesenchymal transition, was down-regulated in AA
women suffering from BC compared to healthy AA women,
again emphasizing the role of miRNA in BC. Analysis of
Single Nucleotide Polymorphism (SNPs) in miRNAs that are
important in BC showed that allele frequencies of almost 90%
SNPs were significantly influenced by ethnicity and there are
multiple SNPs and combinations that increased the risk of ER-
positive BC in EA more than in AA (Yao et al. 2013). Recently,
a genome-wide miRNA profiling of TNBC tumor tissues from
AA and EA was performed and 26 miRNAs were found to be
differentially regulated (upregulated in AA) between the two
populations (Sugita et al. 2016). At least 23 miRNAs identified
were known to be involved in pathways crucial to cancer,
namely, Neutrophin (most significantly affected), PI3K/AKT,
MAPK and insulin pathways. The role of miRNAs in BC dis-
parity was recently compiled in a review, where several
miRNAs were shown to be differentially expressed in BC di-
rectly or indirectly (Evans-Knowell et al. 2017).

Identifying markers from peripheral blood is a quick and
minimally-invasive method of analyzing any disease. Blood
analysis in AA women affected by BC showed higher levels of
inflammatory cytokines, namely, IL-6 and IF-gamma (Park
and Kang 2013). AA patients also had higher expression of
Resistin and IL-6 compared to EA patients (Deshmukh et al.
2015). It has been shown that Resistin caused IL-6 production
and STAT-3 activation, thereby aiding BC cell proliferation,
migration and invasion. STAT-3 was recently shown to be
crucial in developing chemo-resistance in BC (Deshmukh
et al. 2017; Marusyk et al. 2016). Resistin upregulation in
AA tumors has also been reported earlier. (Stewart et al.
2013). In contrast to these observations, genomic profile and
protein array studies in a small population of BC patients
coming from various ethnic backgrounds did not find signif-
icant changes in gene or protein expression between those
ethnic group, which included AA and EA women as well
(Chavez-Macgregor et al. 2014). Recently, KIFC1 was shown
to be expressed in higher levels in AA breast cancer compared
to EA (Ogden et al. 2017a). KIFC1 was also observed to be
required for cell migration in AA population, where as in EA,
it did not appear to be rate limiting. Hence, KIFC1 may be
used as a potential biomarker of poor BC prognosis in AA
women. Biochemical composition of tumors has gained the
attention of investigators recently. About 32% metabolites that
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Table 4 Differentially regulated

genes in AA women with breast Gene symbol  Gene name Regulation  References
cancer
CDKN2A Cyclin Dependent Kinase Up (Martin et al. 2009)
Inhibitor 2A
CCNA2 Cyclin-A2 Up (Martin et al. 2009)
CCNBI1 Cyclin-B1 Up (Martin et al. 2009)
CCNE2 Cyclin-E2 Up (Martin et al. 2009)
CRYBB2 {3-crystallin B2 UP (Martin et al. 2009)
TMPO Thymopoietin Up (Martin et al. 2009)
AMFR Autocrine Motility Factor Receptor Up (Martin et al. 2009)
PSPHL Putative phosphoserine Up (Martin et al. 2009)
phosphatase-like protein
CXCL10 C-X-C motif chemokine 10 Up (Martin et al. 2009)
CXCL11 C-X-C motif chemokine 11 Up (Martin et al. 2009)
VEGF Vascular endothelial growth factor Up (Lindner et al. 2013;
Martin et al. 2009)
SDC1 Syndecan-1 Up (Martin et al. 2009)
IGF2 Insulin-like growth factor 2 Up (Kalla Singh et al. 2010b)
Bcl-2 B-cell lymphoma 2 Up (Kalla Singh et al. 2010b)
BCL-xL B-cell lymphoma-extra large Up (Kalla Singh et al. 2010b)
BIRCS Baculoviral inhibitor of apoptosis repeat Up (Kalla Singh et al. 2010b)
containing 5 or survivin
IGFIR Insulin-like growth factor 1 receptor Up (Kalla Singh et al. 2010b)
IGFR2 Insulin-like growth factor 2 receptor Down (Kalla Singh et al. 2010a)
ESR1 Estrogen receptorl Down (Grunda et al. 2012;
Stewart et al. 2013)
PGR Progesterone receptor Down (Grunda et al. 2012)
ERBB2 Receptor tyrosine-protein kinase erbB-2 Down (Grunda et al. 2012)
AURKB Aurora kinase B Up (Lindner et al. 2013;
Stewart et al. 2013)
CDCAS Cell Division Cycle Associated 5 Up (Lindner et al. 2013)
CENPM Centromere Protein M Up (Lindner et al. 2013)
DDXI11 DEAD/H-Box Helicase 11 Up (Lindner et al. 2013)
MK767 Merck and Kyorin 767 Up (Lindner et al. 2013)
BRCAI Breast cancer gene 1 Down (Tkocz et al. 2012)
GATA-3 GATA Binding Protein 3 Down (Tkocz et al. 2012)
Resistin 1 Adenylyl Cyclase-Associated Protein 1 Up (Stewart et al. 2013)
p73 Tumor protein p73 Up (Stewart et al. 2013)
PLK Polo like kinase Up (Stewart et al. 2013)
ADAMTSI15  ADAM metalloprotease with thrombospondin Down (Stewart et al. 2013)
type 1 motif
IL-6 Interleukin-6 Up (Deshmukh et al. 2015;
Park and Kang 2013;
Stewart et al. 2013)
IFN-y Interferon-gamma Up (Park and Kang 2013)
KIFC1 Kinesin Family Member C1 Up (Ogden et al. 2017a)

differ between ER+ and TNBC from AA women have been
identified (Kanaan et al. 2014; Keenan et al. 2015). TNBC
tumors had a significantly high number of metabolites that
play a role in energy metabolism, trans-methylation, and

proliferation. Oncometabolite like 2-hydroxyglutarate and
sarcosine were also found in higher levels in TNBC compared
to ER+ tumors. It will be interesting to know if tumor meta-
bolic profiles differ between AA and EA.
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Thus, there exists a convincing amount of evidence that
tumor microenvironment varies significantly between AA
and EA BC patients and play a crucial role in cancer progno-
sis, survival and response to treatment.

Racial disparity in alcohol-induced breast cancer

While alcohol consumption has been added to the list of risk
factors of BC, research to determine whether the pre-
disposition is racially determined is still in its infancy. A study
of the Carolina BC group found no significant link between
alcohol consumption and BC in either AA or EA women
(Kinney et al. 2000). Similarly, no significant correlation was
seen between alcohol consumption and BC risk in AA women
(Chandran et al. 2013). In fact, a marginal decrease in BC
incidence was noted with an increased life time of alcohol
consumption in AA women, especially those who started
drinking below the age of 20. No racial difference in alcohol
consumption and mammographic density between AA and EA
was further reported (Quandt et al. 2015). However, a convinc-
ing number of studies found a link between racial background
and alcohol-induced BC susceptibility. Earlier, a significant
association between heavy alcohol consumption and BC in
EA compared to AA was reported (Hiatt et al. 1988).
Alcohol consumption was more strongly associated with
ER+ breast cancer than ER-breast cancer (Nasca et al. 1994).
Given the fact that ER+ breast cancer is more prevalent among
EA women, this correlates with an earlier report (Hiatt et al.
2014). In contrast, a positive link between alcohol consump-
tion and BC in various ethnic groups irrespective of ER/PR
status has been found (Park et al. 2014). Alcohol consumption
caused adverse effects on BC survival in AA women
(McDonald et al. 2002). Even one alcoholic drink/week lead
to a 2.7-fold higher risk of death in post-menopausal AA breast
cancer patients compared to non-drinkers. Emphasizing the
correlation between alcohol consumption and BC risk, it was
observed that a ten-year increase of alcohol consumption leads
to 54% increased a risk of BC in sub-Saharan African women
(Qian et al. 2014). Recently, Carolina BC study showed that
the association of ER-breast cancer and TNBC with alcohol
consumption was much higher in AA women who had more
than seven drinks/week, compared to EA women with similar
alcohol consumption (Williams et al. 2016). A chronic expo-
sure of non-tumorigenic epithelial cell line of EA origin MCF-
7 and MCF-12A to alcohol leads to EMT (Epithelial
Mesenchymal Transition) and oncogenic transformations
(Gelfand et al. 2016; Gelfand et al. 2017). The role of alcohol
consumption and cardio-protective effect in AA and EA men
and women was studied and it was found that the mortality risk
was reduced more in EA than in AA, suggesting that AA
population are prone to alcohol-related health issues (Jackson
et al. 2015). Overall, we observed somewhat contrasting
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reports regarding the racial disparity role of alcohol in contrib-
uting to BC risk in AA and EA. Inconsistency in reporting
alcohol consumption, frequency and amount of drinking do
make it difficult to come to a conclusive and comparable state-
ment between various study reports. However, there is a strong
indication that AA women are genetically more prone to health
issues in general and more likely to be affected by alcohol-
induced BC risk and poor survival post-BC detection, com-
pared to their EA counterparts. There is clearly need to dig
deeper towards exploring alcohol-related BC racial disparity.

Racial disparity in smoking-induced breast cancer

Cigarette smoking has been linked to BC due to its carcino-
genic ingredients. Nicotine, one of the active ingredient in
cigarettes, has been shown to be angiogenic (Heeschen et al.
2002). Further, nicotine induces cell proliferation in MCF-7
and MDA-MB 468 breast cancer cell lines and also increases
epithelial to mesenchymal transition and invasion (Dasgupta
et al. 2009). It is noteworthy that MCF-7 cells are derived
from EA woman, whereas MDA-MB-468 from AA woman.
A murine model for breast cancer metastasis showed that cig-
arette smoke increases lung metastases (Murin et al. 2004).
Thus, cigarette smoke causes all the hallmark attributes of
cancer, including proliferation, invasion, angiogenesis, metas-
tases and EMT, thereby demanding a continued investigation.
BC mortality was seen to be higher in women who smoked
before diagnosis, whereas women who never smoked were
less likely to die of BC (Xue et al. 2011). Women who con-
tinued smoking post diagnosis and during treatment had
higher mortality rate compared to, women who quit smoking
after BC diagnosis (Braithwaite et al. 2012; Passarelli et al.
2016). Consequently, smoking accelerates the detrimental ef-
fects of BC and also intervenes with the efficacy of treatment,
thereby reducing the survival span of patients (Izano et al.
2015; Rosenberg et al. 2013). Smoking, when combined with
alcohol consumption was more detrimental to BC patients and
may even lead to a second primary cancer (Knight etal. 2017).

While reports on racial disparity in smoking-induced BC is
scarce, a recent study showed that smoking reduces the life-
span of AA women who suffer from BC, whereas the effect
was not as severe in EA. Interestingly, it was further seen that
cigarette smoke’s anti-estrogenic nature might be responsible
for this disparity (Parada et al. 2017). Earlier too, the effect of
smoking on BC was shown to be associated with menopause
and hormone status, where it was seen that, the smoking af-
fected post-menopausal AA breast cancer patients more than
pre-menopausal patients. Further, in post-menopausal AA
women, the effect of smoking was more pronounced in ER+
cancer, than in ER- and the determinantal effect of smoking
increased with the duration of smoking. Surprisingly, in pre-
menopausal AA women, smoking was found to reduce the
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Fig. 2 A model depicting
different factors which contribute
to breast cancer disparities in
African American and European
American women

Life styles
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Oral contraceptives
Hormone therapy

risk of BC and no significant difference was seen between
ER+, ER- or TNBC (Park et al. 2016). It is known that AA
women have higher levels of estrogen during the menstrual
cycle than EA women. Thus, the anti-estrogenic effect of nic-
otine lowers the estrogen, thereby reducing the risk of BC in
pre-menopausal AA women. However, comparing several
studies on smoking and BC, the “protective” effect of
smoking on BC risk in younger AA does not appear to be
helpful. In fact, evidence support that in young women,
smoking increases the likelihood of ER+ breast cancer.
However, no association was found between smoking and
TNBC (Kawai et al. 2014). Another study showed that wom-
en who smoked were more prone to luminal type (ER+) BC,
than basal type (TNBC) (Butler et al. 2016). They too found
that a higher percentage of AA women were affected by
smoking related BC compared to EA. Thus, smoking is more
harmful to AA women, especially those suffering from BC. As
per Center for Disease Control and Prevention facts for 2015,
the percentage of adult AA and EA population who indulge in
smoking is similar. However, AA smokers who quit smoking,
have been shown to have smoked much longer than EA (Jones
et al. 2016). In conclusion, it is evident that disparity exists
between AA and EA women regarding effect of smoking on
BC. Avoiding smoking will be beneficial to women, especial-
ly AA women who are undergoing BC treatment.

Conclusion and future perspective

Breast cancer onset, prognosis and treatment exhibit a high
racial disparity between AA and EA women. There is a signif-
icant amount of data supporting the biological basis of racial
disparity which originates at genetic/epigenetic, hormonal, tu-
mor biology level and includes diet and lifestyle as well (Fig. 2).
The current situation warrants that BC diagnosis and treatment
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Cell cycle genes, angiogenesis
promoting genes, interferons,
apoptosis, miRNA, drug
resistance

$
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Socio-economic
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Income
Education

Breast Cancer
Basis of Disparities
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*

Hormonal Status
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include as much race-based biology as possible to ameliorate
the role of disparity in a poor survival of BC patients (Fig. 3).
The racial disparity that exists between AA and EA women
suffering from BC is an issue that cannot be ignored. The stud-
ies that have been summarized in this review confirm that racial
disparity plays a leading role in poor prognosis, lower survival
time and greater cancer-associated mortality seen in AA wom-
en. A comprehensive health care initiative started by Chicago
city significantly reduced the disparity between AA and EA
regarding BC survival and mortality, compared to nine other
big cities across the country (Sighoko et al. 2017). While this
was encouraging, the disparity that remained was still unaccept-
able. Thus, significant amount of data exist, which have con-
firmed that biological basis of racial disparity deserves attention
and is fertile ground to harness information and use it to elim-
inate disparity and design better and race-specific BC screening
and treatment modalities. An exciting proposal was recently
described where genomes of 20,000 AA women with BC
would be compared with genomes of EA and AA without BC

Breast Cancer Diagnosis

Conventional Desired Inclusions

Diagnosis Parameters: Diagnosis Parameters:
1. Blood/serum/plasma/urine samples 1. Ethnicity
2. Tissue/biopsy 2. Tumor biology/ drug susceptibility
3. Cancer biomarkers 3. Lifestyle
4. Diet

Design therapy based on
cumulative information

Fig. 3 A pictorial representation showing how the current breast cancer
diagnosis modality needs to be altered to include racial factors, tumor
biology, lifestyle and diet and use this cumulative data to design
appropriate treatment modality for breast cancer patients
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Table 5 A compilation of AA and EA origin BC cell lines available with ATCC

Cell lines Ethnicity Characteristics Catalogue #

MB 157 AA Epithelial carcinoma ATCC® CRL-7721™
HCC1806 AA Epithelial, squamous cell carcinoma ATCC® CRL-2335™
HCC1569 AA Epithelial, metaplastic carcinoma ATCC® CRL-2330™
ZR-75-30 AA Epithelial ductal carcinoma ATCC® CRL-1504™
HCC1008 AA Epithelial TNM stage I1A, grade 3, ductal carcinoma ATCC® CRL-2320™
HCC70 AA Epithelial, primary ductal carcinoma ATCC® CRL-2315™
HCC1500 AA Epithelial, primary ductal carcinoma ATCC® CRL-2329™
MDA-MB-157 AA Epithelial medullary carcinoma ATCC® HTB-24™
MDA-MB-468 AA Epithelial adenocarcinoma ATCC® HTB-132™
HCC2157 AA Epithelial, primary ductal carcinoma ATCC® CRL-2340™
MCF-7 EA Epithelial adenocarcinoma ATCC® HTB-22™
MCEF-10A EA Epithelial fibrocystic disease ATCC® CRL-10317™
MCEF-12A EA Non-tumorigenic luminal epithelial ATCC® CRL-10782™
MDA-MB-157 EA Epithelial medullary carcinoma ATCC® HTB-24™
ZR-75-1 EA Epithelial ductal carcinoma ATCC® CRL-1500™
SK-BR-3 EA Epithelial adenocarcinoma ATCC® HTB-30™
MDA-MB-361 EA Epithelial adenocarcinoma ATCC® HTB-27™
BT-474 EA Epithelial ductal carcinoma ATCC® HTB-20™
BT-20 EA Epithelial carcinoma ATCC® HTB-19™
BT-549 EA Epithelial ductal carcinoma ATCC® HTB-122™
BT-483 EA Epithelial ductal carcinoma ATCC® HTB-121™
HCC-1187 EA Epithelial, primary ductal carcinoma ATCC® CRL-2322™
HCC-38 EA Epithelial, primary ductal carcinoma ATCC® CRL-2314™
MDA-MB-231 EA Epithelial adenocarcinoma ATCC® HTB-26™
MDA-MB-435 EA Melanocyte ductal carcinoma ATCC® HTB-129™
MDA-MB-361 EA Epithelial adenocarcinoma ATCC® HTB-27™
HCC1937 EA Epithelial lymphoblast, primary ductal carcinoma ATCC® CRL-2336™
AUS565 EA Epithelial adenocarcinoma ATCC® CRL-2351™
CRL-2327 EA Epithelial Stage IV, grade 4, adenocarcinoma ATCC® CRL-2327™
HCC1599 EA Epithelial lymphoblast Stage IIA, Grade 3, ATCC® CRL-2331™

Primary Ductal Carcinoma

(Printzcancer 2017). Besides, the availability of BC cell lines
obtained from AA and EA population is a rich source of a
biological specimen that could be utilized to generate a detailed
disparity profile and possibly short-list race-specific druggable
targets. A list of ATCC cell lines derived from AA and EA
breast cancer patients has been compiled in Table 5.

An increased effort in studying biochemical metabolites
and circulating markers that contribute to racial disparity is
required, as it is not only convenient, minimally invasive,
but also faster. Given the emerging role of alcohol and
smoking in BC disparity, despite a lack of conclusive reports,
it appears important to consider the lifestyle of BC patients
and invest research efforts in delineating these effects in racial
disparity. Drinking and smoking are modifiable risks, so the
advantage of such research will be highly beneficial to BC
patients undergoing treatment and to create awareness for

@ Springer

women who want to prevent BC. A concerted effort in
unveiling genetic/epigenetic basis of racial disparity is un-
doubtedly the way to ameliorate racial disparity and provide
result-oriented BC treatment to AA women.
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