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Abstract

There are racial disparities in the outcome of triple negative breast cancer (TNBC) patients
between women of African ancestry and women of European ancestry, even after accounting

for lifestyle, socioeconomic and clinical factors. MicroRNA (miRNA) are non-coding molecules
whose level of expression is associated with cancer suppression, proliferation and drug resistance;
therefore, these have potential for biomarker applications in cancers including TNBC. Historically,
miRNAs up-regulated in African American (AA) patients have received less attention than for
patients of European ancestry. Using laser capture microdissection (LCM) to acquire ultrapure
tumor cell samples, mMiRNA expression was evaluated in 15 AA and 15 European American

(EA) TNBC patients. Tumor sections were evaluated using RNA extraction followed by miRNA
analysis and profiling. Results were compared based on ethnicity and method of tissue fixation.
miRNAs that showed high differential expression in AA TNBC patients compared to EA
included: miR-19a, miR-192, miR-302a, miR-302b, miR-302c, miR-335, miR-520b, miR-520f
and miR-645. LCM is a useful technique for isolation of tumor cells. We found a greater
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abundance of RNA in frozen samples compared to formalin fixed, paraffin embedded samples.
miRNA appears to be a useful biomarker for TNBC to improve diagnosis and treatment.
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Although women of African ancestry exhibit a lower incidence of breast cancer than
European American (EA) women, African American (AA) women experience significantly
poorer survival (Danforth 2013; Thomas et al. 2019). Even accounting for the fact that

AA are more likely to be diagnosed at more advanced stages (Banegas and Li 2012), have
a more aggressive subtype of cancer (Carey et al. 2006; Howlader et al. 2014) and are

less likely to undergo recommended treatment (Ooi et al. 2011), the trend persists. Factors
including incidence, higher tumor growth index (Morris and Mitchell 2008), tumor location
(Han et al. 2019) and microenvironment (Deshmukh et al. 2017) have all been proposed

as potential reasons for racial disparities in breast cancer. Translation of predisposing
information into alterations of treatment and attitudes, however, has not yet followed.
Characterization and discovery of biomarkers that are expressed differentially in races could
elicit information useful for the diagnosis, treatment and overall prognosis to narrow racial
disparities and lower breast cancer mortality.

MicroRNA (miRNA) is a small non-coding RNA molecule that binds to target mRNA to
prevent subsequent protein production (MacFarlane and Murphy 2010; McNally et al. 2013).
Although specifics concerning the function of miRNA molecules are relatively unknown,
miRNAs are important factors for regulating gene expression (Esau et al. 2006; Garzon et al.
2006; Naguibneva et al. 2006); they are an intriguing possibility for predicting disease risk.
miRNAs are useful biomarkers; they are stable in vitro and exhibit long duration in vivo, two
significant advantages over mRNA (Lim et al. 2005; Lu et al. 2005). A significant number of
miRNAs could have oncogenic potential and could signal discrepancies in outcomes due to
race. For example, miRNA-19a is related to malignancy by regulating drug resistance (Wang
et al. 2013) and cell proliferation (Xu et al. 2012) as well as having anti-inflammatory
characteristics (Sonkoly and Pivarcsi 2009).

Other miRNAs that regulate inflammatory responses, miRNAs 192 and 335, also have
been implicated in oncogenic activity (Braun et al. 2008; Sonkoly and Pivarcsi 2009;

Zhu et al. 2014; Arner and Kulyté 2015; Dong et al. 2018; Ali Ahmed et al. 2020).
Controlling inflammatory responses is critical for many diseases; these responses participate
in cancer, particularly onset of carcinogenesis and difficulty of treatment (Greten and
Grivennikov 2019). Prior to an oncogenic event, normal inflammatory responses often

are regulated incorrectly, which results in chronic inflammation, immunosuppression and
ultimately cancer (Okabe and Medzhitov 2016; Greten and Grivennikov 2019). Reduction
of inflammation using nonsteroidal, anti- inflammatory drugs such as aspirin is an effective
preventative (Castelao et al. 2000; Baron et al. 2003) and co-therapy approach (Todoric

et al. 2016; Ritter and Greten 2019). Although miRNA levels and their association with
inflammation and cancers have been reported, there is significant under-representation of
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patients who are not of European ancestry. Few reports have addressed the disproportionate
levels of miRNA in AA patients compared to EA patients. It is possible that lack of
representation in clinical studies is among the reasons that AA patients experience worse
outcomes despite lower incidence.

Studies of miRNA expression often are concerned with the entire cancer tissue and

use techniques that do not isolate cancer cells completely, which results in inclusion of
stromal cells, vasculature and immune cells that can be confounding factors in efforts to
determine true expression of miRNA in cancer cells (Wang et al. 2010). To prevent sample
contamination by extracellular matrix/stromal structures, laser capture microdissection
(LCM) can be used to isolate tumor cells (Wang et al. 2010; Hackler et al. 2012).

Establishing racial differences in miRNA expression in triple negative breast cancer (TNBC)
patients could improve diagnosis and treatment to facilitate determination of outcome
associated with race. We investigated differential miRNA expression in TNBC in AA and
EA patients using LCM.

Material and methods

Sample collection

LCM

We used 30 TNBC specimens acquired from University of Alabama at Birmingham under
an approved IRB for specimens collected as part of the tissue repository at the University. To
determine potential differences in TNBC miRNA from either AA or EA female patients, the
samples were matched for breast cancer subtype, stage (11B-111A), age (+/- 5 years). Both
frozen and paraffin embedded specimens were prepared. All 30 patients were classified

by race, sex, age, stage (I11A or 11B) and diagnosis. Two samples were obtained for

each specimen, one for frozen section and the other for paraffin embedding (60 total
specimens). Fifteen patients were self-identified as AA and 15 were self-identified as EA
with a diagnosis of TNBC at stages 11B or I11A. Patients were 40-55 years old and had a
confirmed diagnosis of TBNC at either stage 11B or I111A. AA samples were selected based
on availability of samples large enough for two samples each at least 7 mm. Table 1 is

a summary of sample characteristics. Prior to LCM, sections of either frozen or formalin
fixed, paraffin embedded (FFPE) were cut at 8 pm from each specimen. Frozen sections
remained on dry ice until LCM. Initial sections were stained with hematoxylin and eosin (H
& E) (Kerr et al. 2013; Garza-Morales et al. 2018; MacCuaig et al. 2021). A board-certified
pathologist (WEG) identified areas of tissues with sufficient malignancy for LCM.

To prepare for LCM, frozen or paraffin tissue sections were dehydrated and stained as
follows: 100% EtOH, 1 min; 95% EtOH, 30 sec; 70% EtOH, 30 sec; 50% EtOH, 30 sec;
0.5% crystal violet, 1 min; 50% EtOH, 30 sec; 70% EtOH 30 sec; 95% EtOH, 30 sec; and
100% EtOH, 1 min. Samples were dried completely using a desiccator. Individual tumor
cells were selected based upon morphology and collected from the slide using a high energy
UV laser pulse to catapult tissue into 10 pl of RNAse-free PCR caps that contained cell
lysis buffer. At least a 500,000 pm? area of cells were collected using LCM. Cell pellets
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were collected by centrifugation at 100 x g for 5 min at 27 °C and placed on dry ice until
extraction of RNA.

RNA extraction from frozen tissue samples

We used the RNAqueous-Micro kit (Ambion Ltd., Cambridgeshire, UK) to extract RNA
from frozen samples. The protocol for miRNA isolation has been described by Huang et

al. (2013). Briefly, frozen pelleted cells were washed with phosphate buffered saline (PBS),
then re-suspended and mixed with 100 pl lysis solution and 50 pl 100% EtOH. The solution
was filtered using a microfilter cartridge at 21,330 x g for 1 min. Wash solutions 1, 2 and 3,
180 pl each, were used to wash the sample three times. The filtrate was discarded and the
sample was collected by centrifugation at 21,330 x g for 1 min; 10 pl eluates were obtained
in micro-elution tubes. The LCM sample was placed in 30 ul lysis solution and incubated for
approximately 30 min. The cartridge assembly filter was moistened with 30 ul lysis solution
for 5 min and 3 pl LCM additive was introduced and mixed. Then 1.25 volume of 100%
EtOH was added and the mixture passed through another microfilter assembly at 10,000 x

g for 1 min. Three washes with each of the three solutions, 180 ul each, produced 10 pl of
eluted RNA.

RNA extraction from FFPE samples

We used the RecoverAll Total Nucleic Acid Isolation kit (Ambion Ltd., Sydney, NSW) to
isolated RNA from FFPE cells as described by Yang et al. (2015) except for the tube type.
Instead, a smaller filter cartridge and tube was used (AM1066G; Invitrogen, Green Island,
NY) for concentrating a smaller quantity of sample. Briefly, 100 pl digestion buffer and 4
ul protease were mixed with each sample followed by incubation for 15 min at 50 or 80 °C.
Then, 100 pl isolation additive and 275 pl 100% EtOH were added to the filter cartridge
followed by centrifugation at 10,000 x g for 30 sec. Samples were washed with 500 pl wash
1 and 200 pl each washes 2 and 3. Solutions were incubated for 30 min at 50 °C with 60 pl
DNAse. Samples were washed again, i.e., 500 pl, wash 1; 200 pl, wash 2; 200 pl, wash 3 and
eluted into 5 pl 75 °C nuclease-free water. Total volume was increased to 10 pl by adding 5
ul nuclease-free water. RNA isolation RIN (RNA Integrity Number) values were consistent
with expected results.

MiRNA expression

The TagMan MicroRNA Reverse Transcription kit (Applied Biosystems, Foster City, CA)
was used to perform reverse transcription with MegaPlex RT primer as described earlier
(Mestdagh et al. 2008). Samples,15 pl, were incubated for 40 cycles as follows: 16 °C for 2
min, 42 °C for 1 min, 50 °C for 1 sec, 85 °C for 5 min and maintaining subsequently at 4 °C.
Pre-amplification used Megaplex Preamp Primer Pools A and B and the following cycle: 95
°oC for 10 min, 55 °C for 2 min; 72 °C for 2 min, 12 cycles at 95 °C for 15 sec, 60 °C for 4
min, 99.9 °C for 10 min, then maintained at 4 °C. The 7300 Real-time PCR System (Applied
Biosystems) was used to quantify pre- amplified product in a 384-well Tagman Open Array
Real-time PCR plate. We detected 750 miRNA targets in three samples for each run. SDS
1.4 (Applied Biosystems) was used to calculate cycle threshold values. miRNA expression
levels in samples were calculated using a standard concentration curve constructed from
synthetic miRNA calibration; 2-22Ct was used to determine changes in gene expression.
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Statistical analysis

Results

Sex, age, tumor type, stage and pathology were factors in case matching. Log-linear
generalized linear models (GLMs) were used to calculate differential expression between
FFPE and frozen samples between AA and EA patients. Poisson distribution was used

to read counts and the EdgeR package was used to estimate of the gene-wise dispersion
factor using the empirical Bayes procedure. A significant difference in linear models was
determined by a likelihood ratio test. Heatmaps and PC plots were used to confirm roles

in tumor classification. Two-sample t-test for differences in read counts between FFPE vs.
frozen and AA or EA was used to determine sample size. Differential miRNA expression in
the FFPE and frozen samples from the two patient types were calculated using linear model
fitting. Specifically, the linear model was fit to the ACt values derived from Tag-Man low
density arrays. Controlling the false discovery rate (FDR) to 0.05 was performed to account
for multiple comparisons. Values for p< 0.05 were considered significant.

LCM and RNA extraction

Two specimensof RNA were extracted from each of 15 AA and 15 EA patients: 1 FFPE
and 1 frozen fixed for each patient, for a total of 60 specimens. Following drying and
staining, tumor cells were isolated using LCM as illustrated in Figures 1 and 2. Because
TNBC tumors are heterogeneous, separation of tumor cells from inflammatory cells enables
assessment of the tumor cell population for specific miRNAs that may be important for
tumor initiation and progression. Figures 1 and 2 show H & E staining of a TNBC tissue
section containing tumor cells (red circle), inflammatory cells (blue circles) and stroma.
Figure 2 shows the process of collecting a homogenous TNBC tumor cell population using
LCM without potential contamination from immune cells. I1solated homogenous TNBC
tumor cells were collected in PCR caps following LCM. RNA was extracted using FFPE/
frozen extraction methods (Huang et al. 2013; Yang et al. 2015).

MiRNA expression

We assessed 756 miRNAS using open array plates. miRNA expression was evaluated by
comparing ethnicity, i.e., AA or EA, and type of fixation, i.e., frozen or FFPE. Significant
differences in miRNA expression in FFPE samples of AA and EA TNBC patients were
observed (Figure 3A). Specifically, the following miRNAs showed racial disparities: 19a,
30a-30, 95, 192, 206, 211, 302a, 302b, 302c, 335, 367, 372, 375, 520b, 520f 601,

548d, 367c, let7g, and 645. LCM isolated tumor cells also exhibited differential mMiRNA
expression depending on whether the sections were frozen or embedded in paraffin (Figure
3B).

Discussion

LCM techniques enabled precise isolation of tumor cells while excluding cellular matrix
components such as stromal and immune cells. Exclusion of the latter cells enables
collection of RNA that is specific to tumor cells, and miRNA extraction and profiling, which
improves interpretation concerning miRNA expression. LCM is an important technique for
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establishing relations between miRNA expression and cancer progression and proliferation
(Shi et al. 2008). We found that precise and accurate interpretation of miRNA expression
facilitated determination of racial disparities in TNBC. Figure 3A shows results of
differential miRNA expression of 20 miRNAs based on patient race: miRNAs 19a, 30a-30,
95, 192, 206, 211, 302a, 302b, 302c, 335, 367, 372, 375, 520b, 520f, 601, 548d, 367c,
let7g and 645. The bars in Figure 2A represent increased quantity of specific miRNA in
the respective group. Some of these miRNAs have been linked to tumor progression and
we report here that they were implicated in racial disparities between AA and EA TNBC
patients. Many of the miRNAs implicated in AA, including miRNAs19a, 192, and 335, are
linked to immune/inflammatory regulation processes and have been much less documented
in relation to breast cancer than other miRNAs that are highly expressed in EA patients.
Specifically, we found that miRNA-19a, a member of the miRNA-17-92 cluster, was
expressed significantly less in AA patients compared to EA patients. Although this miRNA
has not been linked to racial disparities in cancer previously, it has been established as both
a critical component in anti-inflammatory response and cancer progression. miRNA-19a
expression is significantly greater in drug-resistant gastric and prostate cancer cell lines
compared to normal prostate tissue, and transfection with specific miRNA-19a leads to
decreased drug sensitivity and inhibition of apoptosis (Wang et al. 2013; Lu et al. 2015).
Further, miRNA-19a targets CULS5 and up-regulation of miRNA-19a promotes cell growth
and invasion in a cervical carcinoma model (Xu et al. 2012). Because miRNA-19a serum
levels are significantly decreased after chemotherapy for breast cancer, miRNA-19a could
prove to be a novel cancer specific agent for detecting reduction in tumor following
treatment in the future (Sochor et al. 2014). miRNA-19a, together with the remainder of
the miRNA-17-92 cluster, participates in B cell development and T cell function; under-
expression suggests depression of the immune system, which is conducive to carcinogenesis
(Sonkoly and Pivarcsi 2009; Greten and Grivennikov 2019).

miRNAs 192 and 335 exhibited significantly less expression in AA TNBC patients
compared to EA patients. Like miRNA-19a, these miRNAs are related to inflammatory
processes, which affect development of cancer and its microenvironment both directly and
indirectly (Sonkoly and Pivarcsi 2009; Zhu et al. 2014; Arner and Kulyté 2015). For
example, miRNA-192 inhibits proliferation and metastasis in colon (Braun et al. 2008)
and liver cancers (Yan-Chun et al. 2017) while also regulating inflammation levels in

the gastrointestinal system (Sonkoly and Pivarcsi 2009). By targeting chemokine MIP-2a.,
miRNA-192 greatly affects inflammatory gastrointestinal diseases, e.g., active ulcerative
colitis (Wu et al. 2008). Chronic inflammatory diseases related to ulcerative colitis are
responsible for many gastrointestinal cancers including colorectal, stomach and liver cancers
(Grivennikov et al. 2010; Trinchieri 2012).

miRNA-335 exhibits tumor invasion and metastasis suppressor activity in breast cancer
(Heyn et al. 2011; Chen et al. 2016; Dong et al. 2018). Expression of miRNA-335 is
decreased significantly in cases of breast cancer (Ali Ahmed et al. 2020); it permits
unregulated tumor growth that is exacerbated in AA patients. miRNA-335 also has been
implicated in suppression of inflammation; therefore, expression of miRNA-335 may further
amplify complications of cancer and obesity by high levels of inflammation (Zhu et al.
2014; Gao et al. 2018; Miller et al. 2021). Inclusion of these miRNAs should be considered
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for future therapeutic TNBC strategies, because each may participate in progression of
cancer both directly and indirectly through inflammatory pathways. The evidence suggests
that miRNA expression and subsequent biological events have a disproportionate impact on
AA TNBC patients.

We found that the miRNA-302 class (a, b, c) is implicated in racial disparities in TNBC
patients. Specifically, miRNA-302a and 302b were down-regulated in AA patients, while
miRNA-302c¢ was up-regulated. Up-regulated miRNA-302a is associated with suppression
of proliferation and metastasis in colorectal (Wei et al. 2015), prostate (Zhang et al. 2015)
and breast (Liang et al. 2014) cancers by regulation of MAPK and AKT signaling pathways
and CXC4 expression. These investigators also reported that reduction of miRNA-302a
expression resulted in cancer growth and metastasis (Liang et al. 2014; Wei et al. 2015;
Zhang et al. 2015). Also, cooperative action of the miRNA-302 class sensitizes breast cancer
to adriamycin via the ERK pathway (Zhao et al. 2016). Sensitization is achieved by directly
binding to and down-regulating levels of MAP/ERK kinase 1 (MEKK1), which decreases
drug resistance of cells due to over-expression of P- glycoprotein (Zhao et al. 2016; Lee et
al. 2020). Also, miRNA-302b regulates inflammatory responses (Zhou et al. 2014). Weak
expression of inflammatory regulators causes chronic inflammation, and increased risk and
difficulty of cancer treatment (Grivennikov et al. 2010; Greten and Grivennikov 2019).
Because we observed lower miRNA-302a/b expression in AA patients, we conclude that
lack of miRNA- 302a/b expression could be a factor in the poor outcome of AA TNBC
patients compared to EA patients due to rapid proliferation, metastasis and complications
due to inflammation.

We also found that the class of miRNA-520 (b, f) was less expressed in AA TNBC patients
compared to EA patients. miRNA-520b has been identified as a tumor suppressor in several
types of malignancies. This function includes inhibition of growth and proliferation in
glioblastoma (Liu et al. 2016), hepatoma (Zhang et al. 2012) and colorectal cancers (Xiao

et al. 2018) as well as sensitizing breast cancer to drugs (Cui et al. 2010; Keklikoglou et

al. 2012). Also, miRNA-520f inhibits cancer cell proliferation and reverses epithelial to
mesenchymal transition in several cell models (van Kampen et al. 2017; Du et al. 2018). In
addition to direct cancer effects, the miRNA-502 class is associated with insulin insensitivity
and inflammation, which are indirect risk factors for cancer (Arner and Kulyté 2015; Guo et
al. 2016). Because we observed less expression of both miRNA-502b and 502f in AA TNBC
patients, it is possible that these miRNAs participate in the poorer outlook for AA patients
with TNBC.

In addition to the miRNAs that are under-expressed in AA TNBC patients, others exhibited
increased expression, particularly, miRNA-95 and 548d in EA patients compared to AA
patients. miRNA-95 influences radiation sensitivity (Ma et al. 2016). miRNA-95 causes
resistance to radiation and over-expression causes a highly proliferative, invasive phenotype
(Huang et al. 2013). Although miRNA-95 generally is up-regulated in breast cancer, the
racial disparity in breast cancer suggests the need for further exploration.

miRNA-548d also is associated with AA TNBC patients. Strong expression of miRNA-548d
promotes proliferation and suppresses apoptosis both in vitro and in vivo (Song et al.
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2016; Zhao et al. 2016). Little is known about miRNA-548d expression, but it is expressed
strongly in AA compared to EA TNBC patients. Inclusion of miRNAs such as miRNA-95
and 548d must be considered together with other differentially expressed miRNAs as
potential diagnostic and therapeutic tools for TNBC that could decrease differences in racial
outcomes.

Prostate cancer exhibits differences in miRNA expression between AA and EA patients.
Over-expression of mMiRNA-26a (Theodore et al. 2010) and 1L-16 miRNA (Hughes et

al. 2013) in AA prostate cancer patients has been implicated in accelerated onset of
carcinogenesis as well as specific mMiIRNA-mRNA pairings (Wang et al. 2015), epigenetic
factors (Theodore et al. 2014) and increased inflammation in the tumor microenvironment
(Wallace et al. 2008). miRNA-182 has been implicated in lower survival of AA colon
cancer patients compared to EA colon cancer patients (Li et al. 2014). Although miRNA
and other tumor microenvironmental factors have been linked to inflammation and overall
breast cancer development (lorio et al. 2005; Martin et al. 2009; Dietze et al. 2015), the need
remains to characterize further the differences in AA TNBC compared to other populations.
We found differential miRNA expression levels in TNBC patients, but more studies are
required to incorporate our findings into diagnostic and therapeutic techniques to improve
outcomes.

Figure 3B compares the quantity of miRNA measured in FFPE tissue vs. frozen tissue
regardless of race. These data may be used to determine the location of miRNA. Historically,
frozen samples were used for determination of mMRNA, because FFPE tissue samples
produced poor quality extracted RNA due to rapid degradation and chemical modification
(Masuda et al. 1999; Srinivasan et al. 2002). miRNAs, however, are a class of small RNAs
that have the potential for increased survivability and resistance to alterations when prepared
as FFPE samples (Li et al. 2007). Our findings suggest that the quantity of miRNAs is
greater when prepared as FFPE samples compared to frozen samples, but this not consistent
for all mMiRNAs measured. Fenestrations in cellular membranes due to freezing samples
could explain the decreased miRNA | in the cytosol. For example, miRNA 548d was less
common in frozen samples than in FFPE samples, which suggests that miRNA 548d is a
cytosol miRNA and that it leaked from the cytosol through the cell membrane. By contrast,
miRNA 367 may be a nuclear miRNA, because large amounts were found in frozen samples.
This suggests that both frozen and FFPE techniques are useful for interpreting miRNA
abundance.

We identified racial disparities in miRNA expression in AA and EA TNBC patients with
emphasis on miRNAs that have been shown to be related to cancer and related inflammatory
regulation pathways. Our findings could be exploited to improve diagnosis and therapeutic
targets to decrease disparities in TNBC outcomes associated with race. We also provide
evidence for the critical need to include patients of a variety of ethnic backgrounds in studies
to characterize biomarker association with cancers.

This research was funded by the National Institute of Health grants R0O1CA205941 and RO1CA212350.
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Figure 1.
H & E staining of TNBC tissue isolated using laser capture microdissection. Cells outlined

in blue are inflammatory cells; cells outlined in red are cancer cells as indicated by enlarged
nuclei. 40X magnification.
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Figure 2.
TNBC tumor cells were identified and captured using laser capture microdissection. A)

Visualization of initial TNBC tissue. B) Identification of TNBC tumor cells to be captured
using LCM. Blue dots denote the area to be collected using LCM and identified with an
arrow. C) Arrow shows the complete removal of the target area following microdissection.
40X magnification.
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Figure 3.
Differential miRNA expression in tumor cells. A) AA patients compared to EA TNBC

tumor cells that were preserved using FFPE. B) TNBC tumor cells preserved using formalin
fixed, paraffin embedded sections were compared to frozen sections. Data compares method
of fixation and contains both AA and EA samples. Selected miRNAs are listed from top

to bottom: let7g, 19a, 30a-3p, 95, 192, 206, 211, 302a, 302b, 302c, 335, 367, 367c, 372,
275, 520b, 520f, 548d, 601 and 645. The length of the bar represents increased quantity of

d

ifference in MiRNA expression.
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Patient information.

Patient race Histology Stage Age
AA TNBC 11B 42
AA TNBC 11B 56
AA TNBC 1A 52
AA TNBC 11B 48
AA TNBC 11B 41
AA TNBC 1A 50
AA TNBC 11B 48
AA TNBC 11B 46
AA TNBC 1A 43
AA TNBC 11B 50
AA TNBC 11B 49
AA TNBC 11B 41
AA TNBC 11B 55
AA TNBC 1A 52
AA TNBC 11B 43
EA TNBC 11B 44
EA TNBC 1A 46
EA TNBC 11B 50
EA TNBC 1A 51
EA TNBC 11B 40
EA TNBC 11B 58
EA TNBC 11B 50
EA TNBC 11B 43
EA TNBC 1A 50
EA TNBC 11B 45
EA TNBC 11B 48
EA TNBC 11B 50
EA TNBC 1A 49
EA TNBC 11B 47
EA TNBC 1A 45

AA, African American; EA, European American; TBNC, triple negative breast cancer.
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