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a b s t r a c t 

Purpose: : Triple-negative breast cancer (TNBC) patients of various ethnic groups often have discrete clinical presentations and outcomes. Women of African descent 

have a disproportionately higher chance of developing TNBCs. The aim of the current study was to establish the transcriptome of TNBCs from Kenyan (KE) women 

of Bantu origin and compare it to those TNBCs of African-Americans (AA) and Caucasians (CA) for identifying KE TNBC-specific molecular determinants of cancer 

progression and potential biomarkers of clinical outcomes. 

Patients and Methods: : Pathology-confirmed TNBC tissues from Kenyan women of Bantu origin ( n = 15) and age and stage range matched AA ( n = 19) and CA ( n = 23) 

TNBCs of patients from Alabama were included in this study. RNA was isolated from paraffin-embedded tissues, and expression was analyzed by RNA sequencing. 

Results: : At clinical presentation, young KE TNBC patients have tumors of higher stages. Differential expression analysis identified 160 up-regulated and 178 down- 

regulated genes in KE TNBCs compared to AA and CA TNBCs. Validation analyses of the TCGA breast cancer data identified 45 KE TNBC-specific genes that are 

involved in the apoptosis (ACTC1, ERCC6 and CD14), cell proliferation (UHRF2, KDM4C, UHMK1, KCNH5, KRT18, CSF1R and S100A13), and Wnt signaling (BCL9L) 

pathways. 

Conclusions: : In this study, we identified biomarkers that are specific for KE TNBC patients of Bantu origin. Further study with a larger sample size of matched 

tumors could confirm our findings. If biologically confirmed, these molecular determinants could have clinical and biological implications and serve as targets for 

development of personalized therapeutics for KE TNBC patients. 
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Triple-negative breast cancer (TNBC) is an aggressive phenotype of

reast cancer, characterized by absence of estrogen receptor (ER), pro-

esterone receptor (PR), and Her2 protein [1] . TNBCs are more fre-

uently found in women of African descent [2–6] . African women with

NBCs present at younger ages and with more advanced disease than

aucasian (CA) women [7] , and they suffer a disparity in outcomes de-

pite being matched for stage. In the absence of funded public health

olicies, most African women present with advanced breast cancer [8] ,

nd, for African women, there appears to be no difference in stage at

iagnosis for TNBC versus non-TNBC histology [9] . 
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Although this disparity has often been associated with differences

n socioeconomic status, recent studies have demonstrated that biolog-

cal factors are involved in both the risk and outcome of breast cancers

or African American (AA) patients [10–12] . Previous studies of the ge-

omic fingerprint of Nigerian TNBCs described molecular features as-

ociated with an aggressive phenotype that are more prevalent than in

NBCs of AA and CA women [ 13 , 14 ]. There is distinct genetic diversity

mong Africans from various geographic regions [15–17] . Variation in

he prevalence of ER negative breast cancers by study location [ 18 , 19 ]

upports the importance of ethnic subgroup and locale upon TNBC epi-

emiology in sub-Saharan Africa. A recent analysis based on the Na-

ional Program of Cancer Registries and US Cancer Statistics showed
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hat the prevalence of TNBCs among black women in the United States

aried by birthplace [5] . Thus, the finding for Nigerian patients may

ot be representative of women of East Africa. Furthermore, given the

ncestral heterogeneity of the population in Kenya [17] , findings for

frican women of any one ethnicity could well differ from those for

omen with a different ethnicity. 

Recently, the decision-making process for cancer therapies has im-

roved as knowledge of the molecular biology of breast cancer has

volved. In this regard, human breast carcinogenesis and metastasis,

ncluding that of TNBCs, has been explored by use of new techniques

uch as gene expression profiling, genome and transcriptome sequenc-

ng, proteomics, and microRNA analysis that led to identification of new

olecular sub-type specific biomarkers and therapies. Our recently re-

orted findings suggest that the altered oncologic pathways in TNBCs

f AA and CA patients are driven by shared genetic ancestry [20] . How-

ver, the molecular profiles of cancers of different populations remain

oorly characterized, as few studies have reported molecular charac-

erization of breast cancers for non-CAs, in particular none for Kenyan

KE) TNBCs. Thus, we embarked on a study to determine the molecular

ngerprints of TNBCs of women from Kenya and compared them with

hose of AA and CA women with the aims of determining differences

nd identifying molecular characteristics of clinical relevance. 

ethods 

atients and tissue collection 

Using an IRB-approved protocol (REC Ref 2012/05 (v7) of the Aga

han University Hospital in Nairobi (AKUHN), we consented women

ith histologically confirmed TNBCs to contribute residual tumor tis-

ue for genetic sequencing at the University of Alabama at Birming-

am (UAB). The protocol received expedited review by the IRB at UAB

IRB-100,910,007). All KE patients included in this study were of non-

hite, African descent, and Bantu ancestry. Where available, clinical

nformation, including age, gender, date of diagnosis, and pathologic

tage (AJCC) [21] of the tumor as determined following surgery, was

ecorded from the medical charts. Patients did not undergo metastatic

taging unless they had normal laboratory parameters, including liver

unction studies, and obvious symptoms of systemic disease. All pa-

ients were thus deemed by their treating surgeon to have localized,

on-metastatic disease. All Kenyan patients underwent definitive ther-

peutic mastectomy and axillary lymph node dissection. Information

bout post-surgical adjuvant therapy and time to and site of recurrence

as not available, since most patients returned to their county medi-

al system for post-operative care. However, survival data at 3 yrs was

vailable through direct contact with the patients via phone. The FFPE

issue blocks were cleared for shipping to UAB by the Kenyan Ministry

f Health (MOH/ADM/1/1/81 Vol.1). All 40 samples were catalogued

nd identified only by an assigned number with the identification code

ecurely maintained at the Pathology Department of AKUHN. Clinical

nformation for each of the 40 cases was provided with the accompany-

ng blocks. 

R, PR, and HER2/neu immunostaining 

Where available, all FFPE tissues sections underwent repeat

R/PER/HER2 testing at the Department of Pathology of UAB by the

ollowing protocol. In brief, tumor blocks were selected, and 5-μM sec-

ions were placed on plus slides. Heat-induced epitope retrieval was

erformed for 20 min at 95 °C on a Dako PT Link Pre-treatment Sys-

em using a high pH target retrieval solution, pH 9, diluted 1 in 50

s per the manufacturer’s instructions. The sections were stained for

R (FLEX RTU Monoclonal Rabbit Anti-Human ER 𝛼, Clone EP1) PR,

FLEX RTU Monoclonal Rabbit Anti-Human PgR 636 Antibody clone),
 d

2 
nd HER2/neu (Polyclonal Rabbit Anti-Human c-erbB-2 Oncoprotein

iluted 1:200 with the EnVision TM FLEX antibody diluent) on a Dako

utostainer Link 48 platform using EnVision TM FLEX Kit detection kits.

iaminobenzidine was used as the chromogen. Interpretation of ER and

R staining was accomplished according to the Allred scoring system.

omposite scores ≥ 3 for the intensity and proportion of cells staining

ere considered to be positive. HER2/neu scoring was according to the

SCO/CAP guidelines. HER2/neu was scored positive if 30% or more

f the tumor cells showed complete and strong membrane positivity. A

core of 0 or 1 + was considered HER2/neu negative. Cases that were

cored as HER2/neu 2 + (equivocal) were subjected to FISH analysis at

ur reference laboratory to assess gene amplification. A FISH test re-

ult was considered positive if the ratio of the LSI HER2/neu/CEP17

ignal was > 2.2. Normal breast tissue was used as an in-built positive

ontrol for ER/PR. Additionally, a section of uterine cervix was used as

n on-slide positive control. All stromal, columnar epithelial, and squa-

ous epithelial cells showed a moderate to strong nuclear staining. For

ER2/neu, an on-slide control section from a composite tissue block of

ER2/neu scores of 1 + , 2 + , and 3 + was used. 

Of the 40 samples from AKUHN, FFPE core biopsy blocks were avail-

ble for 34 cases, of which 31 were reconfirmed at UAB as TNBCs with

R < 1%, PR < 1%, and Her2 < 2 + . There was insufficient material for

NA extraction from 13 of the samples, leaving 18 samples for genomic

tudies. Of these, demographic data (date of diagnosis, age, gender,

athologic stage, clinical stage, and status at 3-year follow up) were

vailable for only 15 of the 18 cases. These fifteen cases were thus se-

ected for further data analysis. 

For this study, we used a sub-set of 19 AA and 23 CA women with

NBCs, diagnosed at the University of Alabama at Birmingham (UAB),

rom a larger, recently described study [20] . These AA and CA cohorts

ere matched as close as possible for age and stage ranges of KE pa-

ients. Kenyan patients underwent diagnostic staging studies only if they

emonstrated clinical symptoms or a laboratory abnormality suggestive

f metastatic disease. Since the larger study was focused on identify-

ng molecular signatures that differ between TNBCs of AA women and

A women, we performed RNA sequencing (RNAseq) for the TNBC co-

ort. As described in our recent study [20] , a retrospective convenient

ormalin-fixed, paraffin-embedded (FFPE) archival tissue cohort from

he Division of Anatomic Pathology of UAB consisting of 104 AA and

A women diagnosed with TNBC between 2000 and 2012 was selected

Supplemental Figure 1A). For this cohort, personal medical history and

linical records were limited. Following quality control screening, a final

et of 75 cases remained (42 AAs and 33 CAs). Of these, samples were

eparated by treatment status, treatment-naïve ( n = 60) or recurrent tu-

ors from post-treatment ( n = 15). Of the treatment-naïve cases, there

as a near equal distribution of race categories (31 AAs and 29 CAs).

f the recurrent tumor cases, the representation of AAs was more than

wice that of CAs (11 AAs and 4 CAs). All tumors and corresponding nor-

al regions were macro-dissected by pathologists prior to RNA extrac-

ion. Stage and grade distribution were similar between racial groups

 Table 1 ). 

NA isolation 

Total RNA was extracted from macrodissected FFPE samples using

RIzol reagent kit (Invitrogen) was performed as described earlier [22] .

he concentration of the RNA was estimated by a Qubit® 2.0 Fluorom-

ter (Invitrogen, Carlsbad, California) and an Agilent 2100 Bioanalyzer

Applied Biosystems, Carlsbad, CA) assessed its integrity. RNA from each

ample was amplified for RNAseq. The methodology for removing the

ibosomal RNA (rRNA), fragmentation, priming for the first-strand and

econd-strand synthesis, the standard library preparation, A-tailing, and

ustom adapter ligation were accomplished by following the methods

escribed in our recent breast cancer study [20] . 
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Table 1 

Descriptive statistics of clinical variables by race. 

Race AA ( N = 23) CA ( N = 19) KE ( N = 15) p 

Age ( ± STD) 52.4 ± 9.7 52.2 ± 9.1 48.7 ± 10.3 0.472 

AJCC Stage 0.027 

- II 15 (65.2%) 16 (84.2%) 6 (40.0%) 

- III 8 (34.8%) 3 (15.8%) 9 (60.0%) 

Overall Survival at 3 years 0.595 

- Alive 17 (73.9%) 14 (73.7%) 13 (86.7%) 

- Dead 6 (26.1%) 5 (26.3%) 2 (13.3%) 
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NA-seq data analysis 

Raw sequencing reads were first trimmed and cleaned us-

ng Trim Galore (v0.4.1) [ http://www.bioinformatics.babraham.ac.uk/

rojects/trim_galore/ ]. Afterwards, reads were aligned to the human

eference genome (hg38) using TopHat v2.1 [23] . Samtools (Version:

.3.1) [24] were used to sort mapped reads, and HTSeq-count [25] was

mployed to enumerate reads associated with each human gene. 

DESeq2 was used to perform differential expression anal-

sis as per standard rules [ https://bioconductor.org/packages/

elease/bioc/vignettes/DESeq2/inst/doc/DESeq2.html ]. Genes with

djusted P-values < 0.05 and absolute fold changes ≥ 1.5 were consid-

red as differentially expressed. Gene Ontology (GO) and KEGG

athway enrichment analysis of differentially expressed genes

DEGs) was performed using DAVID (Database for Annotation,

isualization and Integrated Discovery) version 6.8 [26] . Com-

arison of DEGs was accomplished with the online tool Venny

 https://bioinfogp.cnb.csic.es/tools/venny/index.html ]. Heatmaps

ere generated using the heatmap.2 function of the gplots R package

 https://cran.r-project.org/web/packages/gplots/index.html ]. 

he Cancer Genome Atlas (TCGA) validation 

The UALCAN [27] ( http://ualcan.path.uab.edu ) integrative cancer

ata analysis portal was used to examine RNA expression of candi-

ate genes in normal breast samples and TNBC samples from CA and

A patients. UALCAN uses Level 3 RNA-seq data and patients’ clinical

ata of TCGA breast invasive carcinoma (BRCA) samples obtained via

CGA-assembler [28] . In total, 116 patient samples were categorized as

NBCs based on the immunohistochemical status of ER, PR, and HER2.

f those, 32 were related to AA and 69 to CA patients. Transcripts per

illion (TPM) values for each gene in each sample were obtained by

ultiplying the scaled estimate value by 1000,000. 

tatistical analysis 

Associations between clinical variables were determined by use of

2 tests for categorical variables and t-tests for continuous variables.

isher’s exact tests were used when appropriate for small sample sizes.

npaired t-tests were performed to assess the significance of differences

etween TPM values of normal and TNBC samples. Genes with adjusted

-values < 0.05 and absolute fold changes of ≥ 1.5 were considered as

ifferentially expressed using DESeq2. 

esults 

verall clinical characteristics of tnbc patient cohort 

Table 1 provides clinical and demographic information for the 57 pa-

ients included in this study. The largest group of participants was CAs

 n = 23, 41%), followed by AAs ( n = 19, 33%) and KEs ( n = 15, 26%).

ll patients were female with a median age of 50 (range 33–70). KE

omen were younger at diagnosis, although there was no significant

ifference in age across the three race groups. All patients had local-

zed disease, however, KE patients had higher-stage tumors (stage III
3 
s stage II) compared to the other two groups ( p -value 0.027). Clinical

tatus (alive, disease free) at three years of follow-up (obtained through

hone interviews) did not differ significantly across cohorts. Evidence

f disease at 3 years of follow up was different among the races; how-

ver, this analysis was limited by missing data for KE patients since

ost-operative follow-up and diagnosis of any recurrence was accom-

lished at the local county clinics that often lacked adequate diagnostic

acilities and adequate documentation. 

creening of differentially expressed genes on the basis of transcriptome 

nalysis 

Global transcriptome sequencing of KE TNBC ( n = 15), CA TNBC

 n = 19), and AA TNBC ( n = 23) samples was performed to identify

enes that showed KE TNBC-specific expression. Differential expression

nalysis identified 683 protein-coding genes as up-regulated and 768

rotein-coding genes as down-regulated in KE TNBC samples compared

o AA TNBC samples ( Fig. 1 A; Supplementary Table 1). Similarly, 353

rotein coding genes were up-regulated, and 372 protein coding genes

ere down-regulated in KE TNBC samples compared to CA TNBC sam-

les ( Fig. 1 B ; Supplementary Table 2). Comparisons of these DEGs

howed 160 genes commonly up-regulated and 178 genes commonly

own-regulated in KE TNBC samples ( Fig. 1 C). 

istinct DEGs in KE TNBCs compared to CA and AA patients 

The top 50 commonly up/down-regulated genes of the KE TNBCs,

s compared to CAs and AAs, are shown in Fig. 2 and Supplemen-

ary Table 3 . Some of the highly upregulated DEGs were DSC1,

RT6C, SPINK5, ACTC1, FCRL1, DEFB1, BCL2L10, SERPINB7, FLG2,

NSM2, UHRF2, UHMK1, KDM4C, GFAP, LSM14A, PLA2G4E, ERCC6,

nd RBM24; downregulated genes included KCNH5, PSG11, AGT, CD14,

RT18, CSF1R, S100A13 and BCL9L. 

athway analysis predicted a collagen-related enriched pathway for KE 

NBCs 

Functional analysis of common DEGs showed platelet degranula-

ion, extracellular matrix disassembly, and collagen catabolism as the

op enriched biological processes ( Fig. 3 A). Genes associated with lyso-

omes, protein processing in the endoplasmic reticulum, and spliceo-

ome KEGG pathways were also enriched in common DEGs. The raw

equencing data were deposited in the NCBI Gene expression omnibus

GEO) [GSE142258, GSE142731]. 

ssessment of potential biomarkers using TCGA database for KE TNBCs 

To identify potential biomarkers for KE TNBC samples, the RNA ex-

ression profile of 338 common DEGs (160 up-regulated and 178 down-

egulated) was examined. Genes that showed no change in expression

cross normal breast, CA TNBC, and AA TNBC samples from TCGA

ataset were of interest. This analysis revealed 45 KE TNBC-specific

enes ( Fig. 4 ), which included 25 up-regulated and 20 down-regulated

enes. 

http://www.bioinformatics.babraham.ac.uk/projects/trim_galore/
https://bioconductor.org/packages/release/bioc/vignettes/DESeq2/inst/doc/DESeq2.html
https://bioinfogp.cnb.csic.es/tools/venny/index.html
https://cran.r-project.org/web/packages/gplots/index.html
http://ualcan.path.uab.edu
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Fig. 1. Fig. 1: RNA-seq data analysis of Kenyan, African American and Caucasian TNBC samples. (A) Volcano plot showing 683 up-regulated protein coding genes 

and 768 down-regulated protein coding genes in Kenyan TNBC samples compared to African American TNBC samples, (B) Volcano plot showing 353 up-regulated 

protein coding genes and 372 down-regulated protein coding genes in Kenyan TNBC samples compared to Caucasian TNBC samples. The negative log 10 of adjusted 

p-value and the log 2 of the fold change is plotted on the Y and X-axis respectively. (C) Venn diagrams show commonly up-/down-regulated genes in Kenyan TNBC 

samples compared to both African American and Caucasian TNBC samples. Differential expression analysis between African American TNBC samples and Caucasian 

TNBC samples yielded 312 up-regulated and 177 down-regulated genes (not shown). 
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Among these KE TNBC-specific genes, we observed a) apoptosis-

ssociated genes such as ACTC1, ERCC6, and CD14; b) cell proliferation-

ssociated genes such as UHRF2, KDM4C, UHMK1, KCNH5, KRT18,

SF1R and S100A13; and c) WNT signaling pathway related BCL9L. 

iscussion 

The diseases of the developing world are not replicas of those in

he West [29] . In addition to the numerous environment and socio-

conomic factors, genomic characteristics, linked to ancestral heritage,

ay be involved. The increased incidence of TNBCs and the early age
4 
f onset for young African women show a distinctive pattern [2–6] . The

urrent study showed that TNBC patients from Kenya were younger with

ost presenting with higher stages as compared to their counterparts in

labama. Prior studies show that younger breast cancer patients of mi-

ority ethnic backgrounds present with aggressive features and have

oor survival [ 30 , 31 ]. 

Although genomic studies for some African countries have been con-

ucted [ 7 , 8 ], it is notable that Africans are not a monolithic group. There

re variations in genetic structure and exposures across African popula-

ions, and they vary by birthplace and ancestral heritage. In the present

tudy, we sequenced the transcriptomes of KE TNBC patients seen at the
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Fig. 2. Top 100 genes differentially expressed in KE TNBC samples. Heatmap showing list of top 50 up-regulated and 50 down-regulated genes (ordered by adj. 

P-value) in KE TNBC samples compared to AA and CA TNBC samples. “gplots ” R package was used for generation of the heatmap. 
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Fig. 3. KEGG pathway and gene ontology enrichment 

analysis of common, differentially expressed genes of 

KE TNBCs. (A) and (B) Top 10 biological processes 

and KEGG pathways enriched in common up-/down- 

regulated genes. The X-axis represents the negative log 

10 of p-values. 
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ga Khan University Hospital in Nairobi. Given the demography of the

opulation in Nairobi and the location of the clinic, patients included

n this study were predominantly of Bantu ancestry. Transcriptomes of

E TNBC patients were compared with those of CA and AA patients. In

ilico validation using TCGA BRCA dataset aided in narrowing down KE

NBC-specific biomarkers. Our patient population was comprised of 15

omen from Kenya with confirmed TNBCs and 19 AA and 23 CA women

ith TNBCs from Alabama derived from larger cohorts used in our re-

ently published study [20] . We reported previously that genomic pro-

les of TNBC patients differ for AA and CA ethnic groups; transcriptome

nalysis identified racial/ethnic-specific genes that were differentially

xpressed in TNBCs, showing a higher incidence of basal-like tumors
6 
nd altered TP53, NFB1, and AKT pathways in AA TNBCs compared to

A TNBCs [20] . The higher number of stage III patients in this small KE

ohort is a limitation of our current study and may have influenced our

ndings. However, the differences were identified not only between KE

nd CA patients, who often present with lower stage disease, but also

ith the AA cohort who presented with later stage disease compared to

A patients. 

To the best of our knowledge, the current investigation is the first

omparative transcriptomic profiling of KE patients predominantly of

antu origin. Here, we compared the results from KE TNBC patients

ith those of AA and CA TNBCs to determine whether racial differences

n genes translate into different clinical biomarkers. Given the small
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Fig. 4. Potential biomarkers specific for KE TNBCs. Heatmap showing a list of KE TNBC-specific 45 genes (25 up-regulated and 20 down-regulated), which, in TGCA 

BRCA dataset, show no difference in expression in normal breast, AA TNBC, and CA TNBC samples. 
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f  
ample size of KE TNBCs, we were unable to perform a more detailed,

atched study; a limitation that can be overcome by focusing on the

dentified difference with a larger, accurately matched population. De-

pite this limitation, the comparative analysis revealed intriguing find-

ngs. KE TNBCs had more genes upregulated and downregulated than

hose of AA or CA patients. Of the 523 and 193 genes upregulated when

omparing KE TNBCs with AA TNBCs, respectively, 160 were shared be-

ween the two study populations. Similarly, of the 590 and 194 genes

ownregulated in KE and CA TNBCs, 178 were shared between the two

opulations. Women in low- and middle-income countries often present

linically with late stage disease. This is related to socio-economic in-

quities and lack of available medical resources [ 7 , 8 ] as opposed to

e novo aggressive biology [9] . Thus, although the KE cohort included
7 
omen with higher stages as compared to the AA and CA cohorts, this

ifference does not explain the differential genetic expression seen in

ur study. Our review of the transcriptomes revealed a subset of upreg-

lated genes that are singularly overexpressed in KE TNBCs and could

erve as biomarkers. These include factors involved in apoptosis, cell

roliferation, and the WNT signaling pathway. In particular, dysregu-

ated genes associated with the Wnt/ 𝛽-catenin pathway, observed for

E TNBCs as compared to AA and CA TNBCs, suggest that this pathway

ontributes to the aggressive phenotypes of TNBCs of KE women. 

Upregulated genes specific for KE TNBCs included (a) Actin Alpha

ardiac Muscle 1 (ACTC1), an actin coding gene that is a prognostic and

nvasion biomarker for glioblastoma [32] and a diagnostic biomarker

or prostate cancer [33] . (b) ERCC Excision Repair 6 (ERCC6), a DNA-
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inding protein whose elevated expression is associated with poor over-

ll survival of colorectal cancer patients and resistance to 5-fluorouracil

herapy [34] . In the Chinese population, ERCC6 polymorphisms are as-

ociated with risk for oral cancer and gastric cancer [ 35 , 36 ]. (c) CD14,

 surface protein, whose over-expression in bladder cancer leads to cell

roliferation and tumor growth [37] . In gastric cancer, CD14 promotes

he epithelial-mesenchymal transition and invasion through TNF-alpha

38] . (d) B-Cell CLL/Lymphoma 9-Like (BCL9L), which is involved in

he WNT signaling pathway and in development of breast cancers [39] ,

ancreatic cancers [40] , and colon cancers [41] . (e) Ubiquitin-like with

HD and Ring Finger Domains 2 (UHRF2), an E3 ubiquitin ligase in-

olved in regulation of the cell cycle. UHRF2 is also involved in tu-

origenesis of intrahepatic cholangeocarcinomas [42] , hepatocellular

arcinomas [43] , colon cancers [44] , and breast cancers [45] . How-

ver, in non-small cell lung carcinomas [46] and esophageal squamous

ell carcinomas [47] , UHRF2 functions as a tumor suppressor. (f) Ly-

ine Demethylase 4C (KDM4C), a trimethylation-specific demethylase,

hich maintains chromosomal stability and promotes cell proliferation

n TNBCs [48] . (g) U2AF Homology Motif Kinase 1 (UHMK1), a ser-

ne/threonine kinase that promotes the cell cycle. UHMK1 is used as

n autoantibody biomarker for early detection of ovarian cancers [49] .

h) Potassium Voltage-Gated Channel Subfamily H Member 5 (KCNH5),

hich is hyper-methylated in adenocarcinomas of non-small cell lung

ancers compared to squamous cell carcinomas [50] . (i) Keratin 18

KRT18), which promotes growth of invasive breast cancers [51] , col-

rectal cancers [52] , and luminal-like prostate cancers [53] . (j) Colony

timulating Factor 1 Receptor (CSF1R), a receptor for cytokine Colony

timulating Factor 1 that regulates macrophage production, differentia-

ion, and function. Blocking of CSF1R is a common therapeutic strategy

or pancreatic cancers [54] , prostate cancers [55] , multiple myeloma

56] , and acute myeloid leukemia [57] . (k) S100 Calcium Binding Pro-

ein A13 (S100A13), which is involved in export of secretory proteins.

l) S100A13, an angiogenic marker for human melanoma [58] and hu-

an astrocytic gliomas [59] . 

If confirmed with a larger cohort of KE TNBCs and validated in a

onfirmatory data set, these transcriptomic markers may serve as diag-

ostic biomarkers for KE TNBCs. Further studies are required to deter-

ine if these findings also hold for Kenyan women of other ancestral

eritages. Several of these upregulated factors, identified in our study,

re functional proteins necessary for cell growth, proliferation, migra-

ion, and metastasis. Thus, future studies should focus on targeting these

olecules to develop new therapeutics, specifically for KE TNBCS. 

In conclusion, this is the first transcriptome sequencing study inves-

igating the gene expression profiles of KE TNBCs. We also performed

ntegrative analysis with other datasets that shed light on the specific

nd common alterations in these TNBCs. This RNA sequencing analysis

ighlights the role of molecular alterations in TNBCs and the poten-

ial benefit of targeting pathways in this disease for the KE population

s compared to AAs and CAs. The differentially expressed genes may

ave pathogenic roles for TNBC patients of KE origin. The small sample

ize, however, hinders us from making broad conclusions; future studies

re needed to validate our findings by performing transcriptomic anal-

ses, as well as the mutational profiling, of a large cohort of KE TNBCs.

n addition, while we adjusted for stage in selection, there is a chance

hat unrecognized/misclassified metastatic disease may have occurred

n KE patients. Nevertheless, the findings from this comparative tran-

criptome analysis reveal intriguing features that remain to be studied,

onfirmed, and actionably applied for diagnostic and therapeutic ap-

lications for TNBCs in low-resource countries. Moreover, the findings

rom this comparative transcriptome analysis have implications for un-

erstanding ethnic differences in relation to TNBCs and, after biological

alidation, can be applied for the diagnosis of aggressive phenotypes

nd as targets in the development of personalized therapeutics. 

However, it is estimated that 90% of all biomarker research is done

n resource-rich countries, while 90% of the global burden of disease is

n resource-poor nations [60] . This imbalance in applied research adds
8 
oth an urgency to results from primary studies and difficulty to valida-

ion efforts in resource poor settings. Specific challenges to biomarker

esearch in resource-poor settings include: lack of standardized proce-

ures of sample collection and management, biological diversity, disease

eterogeneity, technical limitations, lack of resources/funding [61] .

his investigation represents a strategy of addressing the above chal-

enges through symmetric research partnership [ 62 , 63 ], and the authors

rge continued pursuit of biomarker discovery/validation through this

pproach. 
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ontext 

Key Objective 

Breast cancer often presents with distinct clinical outcomes among

arious ethnic populations. There is a need to identify prognostic and

redictive biomarkers specific for triple-negative breast cancers (TNBCs)

n understudied African patients such as the Kenyan (KE) population.

his study specifically focused on KE patients of Bantu ancestry. Estab-

ished biomarkers could help in understanding the biological mecha-

isms and pathways underlying the clinical phenotype of the disease. 

nowledge generated 

This is the first study that identifies, by using a transcriptomic ap-

roach and integrated molecular data across three racial groups, poten-

ial biomarkers that are differentially expressed in KE TNBCs. Addition-

lly, the TNBCs of young KE patients manifest aggressive characteristics

nd are more advanced as compared to those of AAs and CAs. 

elevance 

Findings of the present study reflect the characteristics of TNBCs of

E patients and could contribute to understanding of the clinical nature

f the disease. The identified biomarkers could be integrated with tu-

or biology and genomics data to describe the TNBC phenotype for KE

omen and, in the future, serve as predictive, prognostic, and therapeu-

ic targets. 
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