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Background: Triple-negative breast cancer (TNBC) is more prevalent in African and African 

American (AA) women compared to European American (EA) women. African and AA women 

diagnosed with TNBC experience high frequencies of metastases and less favorable outcomes. 

Emerging evidence indicates that this disparity may in fact be the result of the uniquely aggres-

sive biology of African and AA disease.

Purpose: To understand the reasons for TNBC in AA aggressive biology, we designed the 

present study to examine the proteomic profiles of TNBC and luminal A (LA) breast cancer 

within and across patients’ racial demographic groups in order to identify proteins or molecu-

lar pathways altered in TNBC that offer some explanation for its aggressiveness and potential 

targets for treatment. 

Materials and methods: Proteomic profiles of TNBC, LA tumors, and their adjacent nor-

mal tissues from AA and EA women were obtained using 2-dimensional gel electrophoresis 

and bioinformatics, and differentially expressed proteins were validated by Western blot and 

immunohistochemistry. Our data showed that a number of proteins have significantly altered in 

expression in LA tumors compared to TNBC, both within and across patients’ racial demographic 

groups. The differentially overexpressed proteins in TNBC (compared to LA) of AA samples 

were distinct from those in TNBC (compared to LA) of EA women samples. Among the signal-

ing pathways altered in AA TNBC compared to EA TNBC are innate immune signaling, calpain 

protease, and pyrimidine de novo synthesis pathways. Furthermore, liver LXR/RXR signaling 

pathway was altered between LA and TNBC in AA women and may be due to the deficiency 

of the CYP7B1 enzyme responsible for cholesterol degradation. 

Conclusion: These findings suggest that TNBC in AA women enriched in signaling pathways 

that are different from TNBC in EA women. Our study draws a link between LXR/RXR expres-

sion, cholesterol, obesity, and the TNBC in AA women.

Keywords: breast, triple-negative breast cancer, African American, European American, luminal 

breast cancer, luminal

Introduction
Triple-negative breast cancer (TNBC) is a breast cancer subtype that does not express 

estrogen receptors (ER) and progesterone receptors (PR) and lacks human EGF receptor-2 

(HER-2) amplification.1 Although TNBC constitutes small percentage (10–20%) of all 

invasive breast cancers in women living in USA,2 it has very aggressive characteristics 

and distinct metastatic pattern and lacks targeted therapies.3 Epidemiological evidence 

showed that TNBC is more prevalent in young African and African American (AA) 

women compared to European American (EA) women and disproportionally lead 

to their death.4 Previous research attributed this disparity in death rates to a various 
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socioeconomic factors including income, co-morbid disease, 

and limited access to health care and medical treatment.5 

However, emerging evidence indicates that these disparities 

may in fact be due to the uniquely aggressive biology of the 

disease in African and AA. Results of studies comparing the 

biological differences between TNBC in AA and EA women 

were conflicted. Additional research has suggested that the 

interaction between the disparities and signaling pathways may 

promote TNBC’s aggressive biology and genomic instability.6,7 

Pathways that included cytoskeletal remolding, cell adhesion,  

epithelial msenchymal transition, and Wnt/β-catenin were 

shown to be overrepresented in TNBC in AA and East African 

women. Activation of Wnt/β-catenin pathway was suggested as 

the pathway that may contribute to the more aggressive TNBC 

phenotype in women of African origin.8

Despite the knowledge gained from previous studies, these 

comparative investigations have not yet examined the gene or 

protein expression of TNBC and LA tumor within patient’s 

racial demographic to identify the differences that may have 

contributed to TNBC’s aggressiveness. Compared to TNBC, 

LA tumors represent the commonest breast cancer subtype as it 

forms about 50–60% of all breast cancer and is characterized by 

ER and PR expression and negative HER-2 amplification.4 LA 

tumors are characterized by lower level of proliferation-related 

genes as well as low histological grade, low degree of nuclear 

pleomorphism, and low mitotic activity.9 Unlike TNBC, patients 

with LA breast cancer have good prognoses, significantly lower 

relapse rates, and hormonal therapy treatment options.10

We designed the present study to examine the proteomic 

profiles of TNBC and LA breast cancer within patients’ racial 

demographic groups (AA women) and across patients’ racial 

demographics (AA vs EA). The goal is to identify proteins 

or molecular pathways altered in TNBC that offer explana-

tion for its aggressiveness as well as potential targets for the 

treatment in African and AA women.

Materials and methods
Chemicals and reagents
The following reagents were purchased from Sigma-Aldrich 

Co. (St Louis, MO, USA): Coomassie Brilliant Blue R-250, 

dithiothreitol (DTT), urea, trypsin, glycerol, glacial acetic acid, 

alpha-cyano-4-hydroxycinnamic acid, acetonitrile, sodium 

carbonate, HAuCl4, casein, and Ponceau S. We have purchased 

ReadyStrip (IPG strip pH 4–7) from Bio-Rad Laboratories Inc. 

(Hercules, CA, USA). Primary mouse monoclonal antibody or 

rabbit polyclonal antibodies against gelsolin, calpain, peroxire-

doxin-2 (Abcam, Cambridge, UK), PEBP, LDH-B, crystalline 

(Abgent, San Diego, CA, USA), anexxin-2 and LXRα and 

CRY7B1 (Novus, Littleton, CA, USA), and clusterin (R&D 

systems, Inc., Minneapolis, MN, USA) were used. We have 

purchased Mayer hematoxylin from Richard-Allan Scientific 

(Thermo Fisher Scientific, Waltham, MA, USA) and immuno-

histochemistry (IHC) reagents from Biocare Medical (Concord, 

CA, USA). All cell lines were purchased from the American 

Type Culture Collection (ATCC) (Manassas, VA, USA).

Breast cancer tissue preparation
Treatment-naive fresh or frozen invasive tumor and matched 

adjacent normal tissue samples (Table 1) were obtained from 

patients diagnosed with and undergone surgical removal of 

their invasive breast cancer at Indiana Health Hospital at 

Lafayette or from Indiana University Cancer Center Tissue 

Procurement and Distribution Core. Furthermore, additional 

breast cancer samples from AA were obtained from the Uni-

versity of Chicago. The Institutional Board Review Committee 

of Indiana Health and Purdue University and University of 

Chicago approved the use of these samples. All patients whose 

tissue samples were used in this research had provided written 

informed consent, and this was in accordance with the Dec-

laration of Helsinki. The obtained samples were age-matched 

from self-identified AA and EA women for a total of 153 

invasive cancer and normal samples. Pathological features and 

hormone and HER-2 amplification statuses were obtained from 

the pathology report. Tissue blocks/slides from invasive breast 

cancer that were formalin-fixed paraffin embedded (FFPE) 

from AA women and women from Sudan were obtained 

from Indiana University Cancer Center Tissue Procurement 

and Distribution Core (n=40; 20 each of LA and TNBC) and 

from National Cancer Institute, University of Gezira, Sudan 

(n=100), respectively, for biomarkers’ validation by IHC.

Breast cancer tissues’ protein extraction
Approximately, 500 mg of each breast tissue was quickly 

thawed. To remove residual blood, the tissues were washed in 

Table 1 Patients’ characteristics

European American women

Sample Number Age range Type Grade

LA 20 31–91 Invasive II–III
TNBC 37 43–86 Invasive II–III
Normal 13 31–91 Normal adjacent
African American women
Sample Number Age range Type Grade
LA 33 40–86 Invasive II–III
TNBC 38 34–92 Invasive II–III
Normal 12 34–92 Normal adjacent
Total 153

Abbreviations: LA, luminal A; TNBC, triple-negative breast cancer.
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ice-cold “salt-free” phosphate buffer (8 mM Na
2
HPO

4
, 2 mM 

KH
2
PO

4
). The samples were then homogenized in lysis buf-

fer (“salt free” phosphate buffer pH 7.5, 0.5% Triton X-100, 

1 mM  phenylmethylsulfonyl fluoride (Sigma-Aldrich Co., St 

Louis, MO, USA), 15 µg/mL aprotinin, 10 µg/mL leupeptin, 

10 µg/mL pepstatin, 100 µg/mL DNAse 1, 25 µg/mL RNAse 

A, 5 mM MgCl
2
) and centrifuged at 20,000¥ g for 15 minutes 

at 4°C. Amersham 2-D Quant Kit was used to determine the 

concentration of proteins. The proteins were precipitated 

using the trichloroacetic acid (Sigma-Aldrich Co., St Louis, 

MO, USA) /acetone precipitation method, and pellets were 

suspended in urea solution (9 M urea, 4% Igepal, 1% DTT, 

and 2% carrier ampholytes).

2-Dimensional gel electrophoresis
We performed 2-dimensional gel electrophoresis according 

to Li et al.11 Three gels per sample were prepared. Briefly, 

about 200 µg of protein of each sample was concentrated on  

isoelectric focusing  tube gels (3.3% acrylamide, 9 M urea, 

2% Igepal, 2% carrier ampholytes, pH 4–8) using the prede-

termined voltage program (500 V for 1 hour, 750 V for 1 hour, 

1,000 V for 1 hour, and 1,400 V for 18.75 hours for a total of 

28,500 V/hour). After that, tubes were loaded onto slab gels 

(linear gradient from 11 to 19%) in a Protean plus Dodeca Cell 

(Bio-Rad Laboratories Inc.) and the machine was switched to 

160 V for 18 hours at 80°C. The gels were then fixed in a fixing 

solution (50% ethanol/2% phosphoric acid) overnight and then 

washed and stained by the Coomassie solution (methanol/17% 

ammonium sulfate/3% phosphoric acid and Coomassie Blue 

G-250). The gels were then washed and imaged using the 

GS-800 Calibrated Imaging Densitometer (Bio-Rad Laborato-

ries Inc.). PDQuest software (Bio-Rad Laboratories Inc.) was 

used for image analysis. Individual protein abundances were 

determined by Student’s t-test using the PDQuest software.

Mass spectrophotometry analyses
For mass spectrophotometry analysis, significantly expressed 

protein determined by PDQuest analysis as described earlier 

was cut from the gel, destained with 50  mM ammonium 

bicarbonate first and followed by 50% acetonitrile and 100% 

acetonitrile, then, reduced with 10 mM DTT, alkylated with 

55  mM iodoacetamide, and washed with 50  mM ammo-

nium bicarbonate and 100% acetonitrile. The samples were 

digested with trypsin overnight at 37°C, and the peptides 

were then extracted and analyzed by matrix assisted laser 

desorption/ionisation - time of flight mass spectrometry 

(MALDI-TOF-MS) using a MicroMass M@LDI System 

(MicroMass) after being calibrated using peptide standards. 

ProteinLynx (MicroMass) was used to generate the mass list, 

which then submitted to Profound for database searches. A 

z score of 1.65 was obtained, which corresponds to the 95th 

percentile. The score was used as a threshold for positive 

identification of selected proteins.

IHC
IHC was performed according to Li et al.11 Approximately 

5 µm of breast tissue sections were cut from FFPE tissues and 

mounted on positively charged SuperFrost slides (Thermo 

Fisher Scientific, Waltham, MA, USA). The tissue sec-

tions were then processed and stained with primary mouse 

monoclonal antibody or rabbit polyclonal antibodies PRDX2 

(1:500), calpain (1:100), CYP7B1 (1:500), and LXRα 

(1:100) and visualized according to the manufacturer’s proto-

col (Biocare Medical). The antibodies used are CYp7B1. The 

grading scale of 0–3 (0, no staining; 1, equivocal staining; 2, 

moderate-to-intense staining; 3, highest intensity staining) 

was used to determine the intensity of each protein.

Western blot analysis
Western blot analysis was performed according to Moham-

med et al.12 To extract protein from cell lines, lysis buffer 

was added to cultured cells at 75% confluence and protein 

was transferred to tubes and centrifuged. The protein con-

centration for each sample was determined using the Pierce 

bicinchoninic acid (BCA) Protein Assay Kit (Thermo Fisher 

Scientific). Proteins were separated by 10% SDS-PAGE and 

transferred onto nitrocellulose membrane. Detection was 

performed with primary anti-antibodies gelsolin, calpain, 

PRDX2, CRYAB, LDH-B, and PEBP2 at dilution at 1:1,000 

and secondary antibody mouse or rabbit conjugated with 

horseradish peroxidase at 1:20,000 dilution. Bound com-

plexes were then detected using the enhanced chemilumi-

nescent system (Thermo Fisher Scientific). Equal loading 

was confirmed using β-actin (1:2,000) (Sigma-Aldrich Co.).

Ingenuity pathway analysis (IPA)
To determine the most relevant biological mechanisms, 

interaction networks, and functions of the differentially 

expressed proteins, proteins altered in expression between 

each category, hormonal and race status, or together list were 

submitted to Ingenuity Pathway Knowledge Base (Ingenuity 

System, Mountain View, CA, USA) and analyzed.

Statistical analysis
Statistical analysis was performed according to Li et al.11 

Briefly, two-sample paired t-test was used to compare each 

group set using the log of the spot intensity. Zero was used 

to signify the lack of intensity if no spot was seen. We have 
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used Bonferroni correction to adjust for multiple comparisons 

at the P-value of 0.05.

Results
The proteome landscape of LA tumors 
and TNBC in AA and EA women shows 
some similarity
The concentration of the protein extracted from AA and EA 

women TNBC and LA tissues and their normal counter parts 

was determined so as quantitatively analyze these samples 

using proteomic analysis. For all samples, we used only 

200 mg of protein to balance the sensitivity concerns regard-

ing gel staining and  mass spectrometry analysis. During the 

analysis, we used the images to compare paired samples by 

hormonal and race status or both. Doing so, we were able to 

match (79%) all spots and found many to be differentially 

expressed with the Student’s t-test using the PDQuest soft-

ware. We considered the protein to be significantly differen-

tially overexpressed or down expressed at a fold change of 

1.5 and a P-value of <0.05. Representative gels showing the 

proteome expression landscapes of breast cancer compared 

by hormone and race status are shown in Figure 1, and some 

selected differentially expressed spots between AA and EA 

women regardless of hormonal status are shown in Figure 2. 

In this study, to eliminate possible false positives and give 

a more stringent P-value, Bonferroni correction (P=0.005) 

was used. We used MALDI–TOF-MS to identify significantly 

differently expressed proteins between TNBC and LA in AA 

and EA women.

Differentially expressed proteins in LA vs 
TNBC in AA and EA women are different
We found that 16 proteins were differentially expressed 

between TNBC and LA tissues from AA women (Figure 3A), 

Figure 1 Representative 2-DE gel images of protein profiles of invasive breast carcinoma.
Notes: (A) TNBC vs LA in African American women, (B) African American vs European American women breast cancer samples, (C) TNBC in African American vs 
European American women, (D) TNBC vs LA in European American women, (E) TNBC vs LA regardless of race, and (F) LA in African American women vs LA in European 
American women. Proteins were separated by IEF as the first dimension, using 24 cm tube gels (pH 4–8), and linear gradient gel (11–19%) as the second dimension. The 
protein spots were cut from the gel, tryptically digested, and identified via MALDI–MS. Significantly expressed spots are posted in Table 2 along with their individual PDQuest 
spot number assignment and other data.
Abbreviations: DE, 2-dimensional gel electrophoresis; LA, luminal A; MALDI-MS, matrix assisted laser desorption/ionisation - mass spectrometry; TNBC, triple-negative 
breast cancer.
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while 11 proteins were differentially expressed between 

the two breast cancer subtypes in EA women (Figure 3B). 

However, only nine proteins were differentially expressed 

in TNBC in AA women compared to EA women. Vimentin, 

clusterin, HNRNP A2/B1, PRDX2, and crystalline were 

Figure 3 Differentially expressed proteins in (A) Luminal A breast cancer vs TNBC in AA women, (B) LA vs TNBC in European American women, and (C) TNBC in AA 
women vs TNBC in European American women.
Abbreviations: AA, African American; EA, European American; ER, estrogen receptors; LA, luminal A; TNBC, triple-negative breast cancer.
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in EA women were HSP70, HNRNP C1/C2, HNRNP A2, 

and ELF-1B. However, HSP71 and HNRNP A2/B1 were 

the most altered proteins in expression when TNBC in AA 

women compared with that in EA women (Figure 3C). We 

show that TNBC from AA women characterized with high 

expression of vimentin while TNBC from EA women associ-

ated with high expression of myosin. These data suggested 

that TNBC in AA and EA women in our study belongs to the 

claudin-low subtype, however, expressing different proteins. 

These data also suggested that the landscape of TNBC in AA 

women is different from TNBC in EA women; however, not 

many proteins were altered in expression between AA and 

EA women TNBC.

Molecular pathway analysis of LA 
and TNBC proteins of AA women 
demonstrates upregulation of key 
nuclear receptors’ signaling and 
immunomodulation networks
We then submitted the identified overexpressed proteins  gene 

identification to IPA to identify how these proteins are related 

to each other. We found that the top pathways altered between 

LA and TNBC in AA women included LXR/RXR, SUMO, 

IL-12, pyruvate fermentation to lactate, and RhoGDI signal-

ing (Figure 4A). While the top pathways altered between 

TNBC and LA in EA women included acute phase response 

signaling, pentose phosphate pathway, complement system, 

and regulation of actin- based motility by Rho (Figure 4B). 

The top altered pathways in TNBC in EA and AA women 

are acute phase response signaling, integrin signaling, telo-

mere extension, complement system, calpain protease, and 

pyrimidine ribonucleotide de novo biosynthesis (Figure 4C). 

These findings suggest that TNBC in AA women enriched in 

signaling pathways is different from TNBC in EA women.

Validation of selected differentially 
expressed proteins
We carried out a limited validation study in few of signifi-

cantly differentially expressed proteins between TNBC and 

LA from AA tissue (Table 2) that included gelsolin, calpain, 

peroxiredoxin-2 (PRDX2), alpha-crystalline (CRYAB), lactate 

dehydrogenase β (LDH-B), and phosphatidylethanolamine 

binding protein-2 (PEBP2). For these validation studies, we 

have used both Western blot analysis and IHC. For Western 

blot analysis, we have used the following breast cancer cells: 

MDA468, a TNBC from a 51-year-old AA woman, HCC1500, 

a LA from a 31-year-old AA woman purchased from ATCC); 

and KTB 21 (normal). Gelsolin, calpain, PRDX2, and CRYAB 

were significantly (P-value <0.005) expressed in LA cells but 

not TNBC cells (Figure 5A and B). For IHC, we have used 

TNBC and LA tissues from AA women (n=40, 20 each) 

and African women (n=100). The IHC of PRDX2, calpain, 

Figure 4 IPA of canonical pathways of differentially altered protein expressed in breast carcinoma (A) LA vs TNBC in African American women; (B) LA vs TNBC in 
European American women; (C) TNBC in African American women vs TNBC in European American women.
Abbreviations: IPA, ingenuity pathway analysis; LA, luminal A; TNBC, triple-negative breast cancer.
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Table 2 Proteins altered in expression between TNBC and LA in African American and European American women

Protein identification ANOVA 
(P-value)

Fold  
change

LA TNBC

European American women LA vs TNBC

Complement factor B (fragment), isoform 1 4.40E–02 1.8 2,046,058.5 1,157,344.3
Glucose-6-phosphate 1-dehydrogenase, isoform 3 4.50E–02 1.4 5,759,682.4 8,164,992.4
Serum albumin, isoform 1 1.00E–03 3.7 2,169,303.8 8,035,969.1
Macrophage-capping protein 6.00E–03 1.7 2,102,541.9 1,212,872.7
Macrophage-capping protein 5.00E–03 2 3,480,462.1 1,712,235.2
Putative heat shock 70 kDa protein 7 7.12E–05 2.5 4,909,509.5 1,935,994.1
Heterogeneous nuclear ribonucleoproteins C1/C2, isoform C1 8.51E–04 2.3 3,911,698.0 1,730,063.3
Heterogeneous nuclear ribonucleoproteins C1/C2, isoform 4 4.20E–02 1.6 4,390,988.4 2,696,021.8
Heterogeneous nuclear ribonucleoproteins C1/C2, isoform C1 3.00E–03 2 2,093,614.4 1,030,843.5
Heterogeneous nuclear ribonucleoproteins A2/B1, isoform B1 4.00E–02 1.7 14,513,621.3 8,564,268.4
Annexin A4 3.20E–02 1.5 1,317,767.5 2,031,717.1
Elongation factor 1-beta 9.00E–03 1.6 4,319,469.9 6,703,359.1
Albumin (23 kDa protein) 1.00E–02 3 8,297,381.6 24,607,159.0
Myosin regulatory light chain 12B 1.60E–02 1.5 1,789,563.4 2,681,546.2
Cytochrome b5, isoform 2 3.20E–02 1.5 1,457,824.7 2,169,439.7
African American LA vs TNBC
Rho GDP dissociation inhibitor 1 1.80E–02 2 3,696,323.6 7,548,529.8
Vimentin 2.00E–03 2 4,863,058.0 9,533,817.1
Vimentin 5.00E–03 2.1 1,083,399.3 2,310,550.5
Vimentin 7.00E–03 1.9 3,699,484.4 7,017,884.6
Clusterin, isoform 1 3.00E–03 2 6,257,017.2 12,576,387.9
Vimentin 2.00E–03 2 5,357,467.6 10,956,316.1
40S ribosomal protein SA 9.00E–03 1.7 2,819,557.5 4,855,438.4
Macrophage-capping protein 1.00E–03 2.5 1,335,309.8 3,313,789.7
Heterogeneous nuclear ribonucleoproteins A2/B1, isoform B1 1.10E–02 2.3 8,913,869.6 20,563,341.4
Annexin A1 1.00E–03 2 2,809,205.8 5,649,519.9
l-Lactate dehydrogenase B chain 7.00E–03 1.8 1,895,789.3 3,467,282.4
Annexin A1 6.11E–06 2.4 737,825.3 1,785,740.0
Annexin A5 1.86E–04 2.1 364,466.1 751,385.3
Hydroxyacyl-coenzyme A dehydrogenase, isoform 1, mitochondrial 7.00E–03 1.9 1,801,454.0 3,456,646.5
Glutathione S-transferase P 3.20E–02 1.5 7,276,096.9 10,706,067.6
Rho GDP-dissociation inhibitor 2 1.20E–02 2.2 1,973,725.2 4,253,762.8
Tumor protein, translationally controlled 1 9.00E–03 1.6 2,603,038.2 4,090,610.0
Peroxiredoxin-2 1.00E–03 2.1 3,370,194.4 7,130,840.9
Phosphatidylethanolamine-binding protein 1 8.94E–04 2.4 3,454,800.6 8,236,867.7
Alpha-crystalline B chain 3.00E–03 2.3 2,031,592.0 4,659,843.3
Serum albumin, 23 kDa protein 4.40E–02 2.3 1,735,763.4 4,064,164.5
African American women TNBC vs European American women TNBC
Heat shock cognate 71 kDa protein, isoform 1 6.00E–03 1.7 5,803,712.113 3,366,785.176
Heat shock cognate 71 kDa protein, isoform 1 6.00E–03 1.6 17,264,343.42 10,621,537.67
Complement factor B (fragment), isoform 1 3.10E–02 1.5 1,733,432.767 1,157,344.258
Gelsolin, isoform 1 1.40E–02 1.7 1,880,227.112 1,079,142.577
Serum albumin, isoform 1 4.74E–05 4.6 1,741,355.743 8,035,969.144
Macrophage-capping protein 2.30E–02 1.9 3,312,230.328 1,712,235.174

Heterogeneous nuclear ribonucleoproteins C1/C2, isoform C1 1.50E–02 1.9 3,205,599.536 1,730,063.323
Heterogeneous nuclear ribonucleoproteins C1/C2, isoform C1 4.20E–02 2 2,073,516.387 1,030,843.475
Heterogeneous nuclear ribonucleoproteins A2/B1, isoform B1 8.00E–03 2.4 20,556,239.64 8,564,268.363
Annexin A1 3.00E–02 1.5 5,647,227.515 3,774,625.185
Annexin A1 1.24E–05 2.2 1,784,813.078 804,426.105
Annexin A4 2.80E–02 1.5 1,331,668.803 2,031,717.093
Calpain small subunit 1 2.60E–02 1.4 1,580,163.351 2,135,369.651
Albumin (23 kDa protein) 2.00E–03 3.7 6,600,108.282 24,607,158.99

(Continued)
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CYP7B1, and LXRα was classified according to the score 

methods described in the “Materials and methods” section. 

PRXD2 had significantly (P<0.05) strong immunoreactivity 

in 85–95% of tumor cells in both LA and TNBC and were pre-

dominantly concentrated in the cytoplasm around the nucleus 

as shown in 75% of samples (Figure 5C and D). Calpain and 

LXRα showed high nonsignificant (P<0.05) expression in 

TNBC compared to LA tissues (Figure 5C and D). While 

CYP7B1 had strong immunoreactivity in tumor cells of LA 

and less expression in TNBC tissues (Figure 5C and D), 

CYP7B1 was significantly (P-value =0.005) expressed in LA 

relative TNBC cell lines (Figure 5E and F).

Discussion
In the era of personalized medicine, useful TNBC biomark-

ers and targeted therapeutic modalities do not exist. In this 

study, we have used proteomic analysis to identify proteins 

that account for the aggressive biology of TNBC in AA and 

African women. The precise knowledge of the proteome 

landscape of TNBC and LA in AA women compared to EA 

women may guide the development of new TNBC-targeted 

therapies. To our knowledge, the study described herein is 

the first to report on the differentially expressed proteins 

of TNBC and LA subtypes in AA and EA women using 

2-dimensional gel electrophoresis coupled with protein 

identification via MALDI–TOF-MS and database analyses.

Our study defined the pattern of protein expression in 

TNBC and LA and their adjacent non-neoplastic tissues 

within and across racial demographics. We have identified a 

number of proteins that overexpressed in TNBC and LA in 

AA and EA patient samples. We did not identify a single pro-

tein that was significantly present in one subtype and missing 

in another; however, our work showed that certain proteins 

were increasingly upregulated in TNBC in AA patients than 

in EA patients. In addition, interestingly, the study showed 

that the differentially overexpressed proteins in the TNBC 

(compared to LA) of AA samples were distinct from the dif-

ferentially expressed proteins in the TNBC (compared to LA) 

of EA samples. Our results agreed with recent transcriptomic 

analysis of data from white, black, and AA breast cancer 

patients’ normal and cancerous tissues from The Cancer 

Genome Atlas data repository showing that TNBC in white 

and black produces different abundances of mRNA, which 

are controlled in different ways and different regulators in the 

white and black or AA triple-negative patients.13 Therefore, 

we believe that these differences in transcriptome as well as 

proteome in our study may manifest as racial disparity in 

TNBC and could provide the rational for new diagnostics 

Protein identification ANOVA 
(P-value)

Fold  
change

LA TNBC

African American women LA vs European American women LA
Pigment epithelium-derived factor 3.20E–02 1.4 5,965,922.416 8,276,562.023
Putative heat shock 70 kDa protein 7 5.00E–03 1.8 2,618,239.462 4,815,848.665
Heterogeneous nuclear ribonucleoproteins C1/C2, isoform C1 8.00E–03 1.7 2,368,834.55 3,930,357.94
Heterogeneous nuclear ribonucleoproteins C1/C2, isoform 4 1.80E–02 1.7 2,603,644.517 4,535,110.255
Annexin A1 2.90E–02 1.7 737,630.011 1,246,932.583
Rho GDP-dissociation inhibitor 2 2.00E–03 2.2 1,973,121.112 4,312,255.883
Peroxiredoxin-2 2.20E–02 1.9 3,368,711.034 6,450,370.117
Phosphatidylethanolamine-binding protein 1 3.00E–03 2.5 3,454,069.514 8,571,118.885
LA vs TNBC regardless of race
Putative heat shock 70 kDa protein 7 4.36E–04 1.9 3,763,874.488 1,963,674.673
l-Lactate dehydrogenase B chain 7.00E–03 1.4 2,167,646.098 3,113,091.943
Annexin A1 4.10E–02 1.4 988,476.27 1,349,085.534
Albumin (23 kDa protein) 4.80E–02 2 7,373,421.569 14,603,241.93
Peroxiredoxin-2 3.00E–02 1.3 4,925,950.185 6,442,189.12
African American women vs European American women regardless of hormonal status
Serum albumin, isoform 1 1.60E–02 2 2,129,360.3 4,199,926.2
Heterogeneous nuclear ribonucleoproteins C1/C2, isoform 4 4.20E–02 1.3 2,834,716.5 3,749,438.7
Complement factor B (fragment), isoform 1 4.00E–03 1.5 2,727,366.5 4,026,370.4
Apo lipoprotein A-I 4.70E–02 1.3 28,231,591.3 35,321,118.4
Heat shock protein beta-1 3.00E–03 1.4 8,331,898.7 11,658,860.3
Peroxiredoxin-2 2.40E–02 1.6 5,434,456.9 8,457,860.3

Abbreviation: TNBC, triple-negative breast cancer.

Table 2 (Continued)
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and targeted treatment for better overall survival rates in 

AA with TNBC.

A recently published study showed that the differentially 

expressed genes of age-matched TNBC in women of African 

descent and EA women were correlated with the Wnt–β-

catenin pathway. This finding suggests that the activation of 

this pathway may contribute to the more aggressive TNBC 

phenotype of AA compared to the TNBC of EA women.6,7 

However, our data showed increased representations of LXR/

RXR, sumoylation, FXR/RXR, IL-12, and RhoGD1 signaling 

pathways in the LA (compared to TNBC) samples from AA 

women. Worth noting that, these LA and TBNC signaling 

pathways were not the same in the EA women samples.

LXR/RXR is a ligand-dependent transcriptional factor 

that is closely related to the nuclear receptors such as PPARs 

and FXR. The transcriptional activity of LXRs (two isoforms, 

LXRα and LXRβ) is dependent on the formation of heterodi-

mers with retinoid X receptors (RXRs).14,15 The LXR/RXR 

plays an important physiological role in stimulating genes that 

regulate cholesterol, glucose, and fatty acid metabolism.16

Mice deficient in LXRα that were fed a high-cholesterol diet 

accumulated considerable amounts of cholesterol and lipid in 

their livers.17 Furthermore, mice deficient in LXRα receptors 

developed prostate hyperplasia lesions.18 LXRα deficiency 

caused prostate cancer cell line proliferation and survival in vitro 

and in vivo in animal models.19,20 In our study, however, we found 

that LXRα was expressed in both the LA and TNBC tissues 

of AA women. Accordingly, LXRα may not contribute to the 

biological differences between the two breast cancer subtypes.

To elucidate, further, the role of LXRα in the LA and 

TNBC in AA women, we examined the signaling pathway 

downstream of the receptor. We demonstrated that CYP7B1 

enzyme was expressed in LA cell lines from both EA women 

and AA women but not in TNBC cells. Reduced CYP7B1 

expression, which breaks down 27-hydroxycholesterol 

(27HC), resulted in its increased levels in the extrahepatic 

tissues. LXR activation as a result of 27HC accumulation 

was reported to promote breast cancer ER-positive cell line 

proliferation in vitro and in vivo.21 Mammary glands and 

uteri of young female mice, that is CYP7B1–/–, have the 

characteristics of tissues consistently exposed to estrogen and 

have showed advanced onset of puberty and early menarche, 

evidence of the premature fatigue of ovarian function in these 

mice.22 After adjusting for the effects of age, tumor size, nodal 

status, and perioperative therapy, multivariate Cox regres-

sion modeling demonstrated that low CYP7B1 expression 

was associated with poor breast cancer survival outcomes.23

Increased 27HC accumulation was shown in post-

menopausal, hypercholesterolemic, and obese women. 

Both increased cholesterol levels and obesity are associ-

ated with an increased risk of developing breast cancer 

and poor prognosis24,25; both factors were also suggested 

as potential drivers of aggressive TNBC in AA women.26 

The National Health and Nutrition Examination Survey 

(NHANES III) reported that more than half of AA women 

aged over 40 years were obese and more than 80% were 

overweight.27 Numerous studies link the use of statins, 

cholesterol-lowering drugs, and improved breast cancer 

outcomes. Statin use by women with inflammatory breast 

cancer significantly improved progression-free survival 

rates.28 Generally speaking, cancer patients who used 

statins were found to have a lower risk of dying from 

cancer compared to those cancer patients who are not on 

statins.29

Conclusion
The proteins identified in this proteomic study of TNBC and 

LA tissue samples from AA and EA women were different 

between AA and EA and associated with lipid metabolism, 

inflammation, immune system, and cell structure signaling 

pathways. Among such signaling pathways was LXR/RXR, 

which was altered in the TNBC samples of AA women. The 

accumulation of cholesterol, more specifically the choles-

terol metabolite 27HC in TNBC tissues due to the deficient 

metabolizing enzyme CYP7B1, is a possible contributing 

factor to the aggressiveness of TNBC and may offer a targe-

table marker for its treatment.
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