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Abstract 

 

Finding Ancestry-Associated Genes Among Black Women Diagnosed with High-Grade 

Serous Ovarian Cancer (HGSOC) 

By Madeline Davis 

 

 

Although the incidence of epithelial ovarian cancer (EOC) is lower among Black women 

compared to White women, Black women diagnosed with EOC experience poorer 

prognoses and overall survival (OS). While social determinants and unequal access to 

care partly explain these disparities, biological factors may also contribute. This study 

aimed to identify ancestry-associated differential gene expression in ovarian tumors of 

Black women to explore potential differences in the tumor microenvironment influencing 

outcomes. Our study sample included 211 Black women with the high-grade serous 

carcinoma (HGSC) subtype of EOC enrolled in the African American Cancer Epidemiology 

Study (AACES) and the North Carolina Ovarian Cancer Study (NCOCS). Risk factor and 

tumor characteristic data were collected through surveys and pathology reports. RNA 

sequencing (RNA-Seq) assessed expression of 18,699 genes, and RFMIX estimated 

global and subcontinental ancestry proportions, including African, European, Asian, and 

West African ancestries. We found that the downregulation of the gene SNX27 was 

significantly associated with higher African ancestry proportions (p = 2.90 × 10⁻⁶), below 

the Bonferroni-adjusted threshold (p < 5.35 × 10⁻⁶). Significant differential expression by 

BMI (≥40 kg/m² vs. <30 kg/m²) was observed for FOXD4L5, TMEM106B, GDF10, and 

G3BP1P1, with FOXD4L5 also differing by type 2 diabetes status. 

Several differentially expressed genes linked to African ancestry were associated with 

immune evasion, enhanced tumor cell migration, and proliferation, suggesting that 

ancestry-related biological factors may contribute to worse EOC outcomes among Black 

women. 
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Background 

Ovarian Cancer Characteristics 

Ovarian cancer is a rare yet lethal disease with a 50.9% overall five-year relative 

survival, establishing its role as the most deadly gynecological cancer.1 Patients who 

present with early-stage fare better with 90-95% five-year relative survival following 

surgery, while patients who present with advanced-stage ovarian cancer have a 10-30% 

survival rate.2 The high fatality of ovarian disease is presumably due to nonspecific early 

symptoms of the disease and lack of effective screening methods, often leading to a delay 

in diagnosis until the disease has reached an advanced stage (Stage III or IV).3 In a large 

prospective cohort study, following a large sample of UK women for cancer incidence and 

death, it was found that ovarian cancer stage was a major prognostic indicator of survival 

(stage IV vs I, RR=10.54, 95% CI: 9.16–12.13).4 Nearly 75% of incident cases present as 

advanced stages (stage III and IV).5 Despite high response rates to primary treatments, 

the recurrence rate of the disease remains high. Among patients with FIGO III or IV stage 

ovarian cancer, greater than 70% will experience recurrence within 5 years, necessitating 

further treatment of the advanced disease.6 

A multifaceted approach, contingent on the stage and characteristics of the 

disease, is implemented as the standard of care for ovarian cancer. First-line therapy 

commonly consists of tumor debulking surgery followed by adjuvant chemotherapy if 

advanced stages have been reached.7 Occasionally, targeted drugs are used alone, in 

conjugation with chemotherapy, or as maintenance therapy. Among these treatments, the 

most robust prognostic indicator of survival is the size of residual disease following tumor 

debulking surgery; residual disease < 1 cm in diameter is considered an optimistic 



status.8,9 Further, pathological examination of the debulked tissues identifies critical clinical 

and molecular characteristics of the malignancy: tumor stage, ovarian cancer subtype, 

histology, and tumor grade are frequently included on pathology reports, aiding in 

determining prognosis and patient therapeutic course. 

The etiology of ovarian cancer remains poorly understood due to its heterogeneous 

nature, composed of several distinct subtypes and complex molecular signatures. Ovarian 

cancer, commonly referred to as a single entity, is more appropriately classified as a 

collection of multiple distinguishable diseases marked by uncontrolled cell proliferation. 

Epithelial ovarian cancer (EOC), the malignancy of the outermost tissue of the ovary, is 

the most prevalent type of ovarian cancer, at 95%, and will be the subject of this paper.10 

EOC consists of five principal histotypes: low-grade serous carcinoma (LGSC), high-grade 

serous carcinoma (HGSC), mucinous carcinoma (MC), endometrioid carcinoma (EC), and 

clear cell carcinoma (CCC).11 All EOC histotypes markedly differ by pathogenesis, 

molecular attributes, epidemiology, and clinical behavior. This analysis focuses on HGSC 

cases exclusively. Accounting for approximately 75% of EOC cases, the HGSC histotype 

is characterized by severe nuclear atypia and comprehensive TP53 mutations, and it is the 

most fatal histotype, often presenting as metastatic at diagnosis.12 From a pathology 

perspective, the tumor may present with solid, granular, cribriform, or papillary architecture 

with substantial necrosis frequently observed at the site of solid growth.10 Tothill et al. has 

further differentiated the HGSC histotype into subtypes of molecular and clinical 

significance: proliferative, immunoreactive, differentiated, and mesenchymal.13 Variations 

in the tumor microenvironment and distinctive responses to treatments result in histotype-

specific survival patterns.14 To illustrate, EC and LGSC are associated with better survival 



outcomes compared to HGSC, regardless of tumor stage.14 HGSC has the highest 

mortality rates among EOC histotypes, particularly four or more years after diagnosis, 

making it the most lethal subtype. 

 

EOC Fatality in Black Women 

Irrespective of histotype, EOC prognosis is frequently poor among all women 

diagnosed. However, survival and incidence rates of EOC significantly differ when 

stratified by race.15 The 5-year relative survival of EOC is approximately 52% overall, yet 

declines to 42% for Black women, despite the incidence of EOC being 25% lower in Black 

women compared to White women.16,17 Limited access to quality healthcare among Black 

women in the United States could lead to the presentation of advanced disease at 

diagnosis and reduced possibility of receiving guideline-recommended treatment.18 This 

inequity places Black women at a greater risk of a poor prognosis and death due to EOC.  

Additionally, the disproportionate distribution of race-specific population-attributable 

(PAR) risks and prognostic factors pertaining to EOC, including body mass index (BMI), 

aspirin use, and body powder, may also partially explain the discrepancy in survival.19 In a 

study collecting data on established EOC determinants, 51% of Black women with EOC 

were classified as obese (BMI ≥ 30 kg/m2) as compared to 21% of non-Hispanic White 

women (NHW).20 Inflammation-related exposures, including obesity, nutritional influences, 

NSAID use, history of pelvic inflammatory disease (PID), history of endometriosis, history 

of PCOS, and hormone therapy duration, are theorized to be associated with EOC 

survival, as they may modify the immunological composition of the tumor 

microenvironment.21,22 An analysis assessing the association between a comprehensive 

https://www.zotero.org/google-docs/?HqAL9J


inflammation-related risk score (IRRS), incorporating 11 of the 12 pro-inflammatory and 

anti-inflammatory components, and overall survival among a cohort of Black women with 

EOC determined that IRRS was associated with an increased risk of mortality risk of 

mortality (HR: 1.37, 95% CI: 1.02–1.85 for Q4 vs Q1).22 A statistically significant dose-

response relationship of an 11% increase in mortality per quartile of IRRS was also found. 

Additional evaluation of the imbalance of inflammatory prognostic variables and their 

corresponding effects on ovarian tumor microenvironments would be valuable to 

characterize racial disparities in EOC fatality further.  

Type 2 Diabetes, which is disproportionately prevalent in Black women compared to 

White women, is another prognostic variable that has been linked to worse overall survival 

(OS) and progression-free survival (PFS) of EOC.23, 24 A retrospective cohort study with 

250 EOC patients found the HR for the association between diabetes and OS time was 

3.93 ( p-value < 0.001), following adjustment for BMI, parity, stage, histology, debulking 

status, HTN, metformin intake, and neoadjuvant chemotherapy.24 The mechanism linking 

type 2 diabetes and EOC prognoses is not well understood, but this phenomenon may 

partly contribute to racial disparities in EOC survival along with the variables previously 

mentioned.  

 

Genetic association among self-identified Black women with EOC 

In addition to several inflammatory exposures, genetic ancestry may further drive 

differential gene expression in the tumor, shaping the immunological landscape and 

influencing overall survival.25 The first genome-wide association study (GWAS) of EOC in 

women of African ancestry largely included data pulled from the African American Cancer 



Epidemiology Study (AACES), the largest cohort to date of Black women diagnosed with 

EOC. This analysis aimed to determine whether women of African descent carry identical 

EOC susceptible genes as those previously identified in European-ancestry women. Four 

loci associated with EOC and six loci associated with HGSC histotype were detected 

among women with African ancestry at a suggestive threshold of p < 1 × 10−6.25 Of the 

novel SNPs identified, only one had been previously associated with EOC in GWAS 

studies of women with European ancestry, and the direction of the association was not 

congruent with that of African ancestry women in this study population. The functions of 

some newly identified variants in this analysis suggest biologically plausible involvement in 

EOC risk for women of African descent. Two SNPs (AKR1C3 and FST) are located near 

genes noted for regulating hormones and diseases of the ovary, and two are linked to 

cancer (AKR1C3 and MAGEC1). 

 

Admixture and Ancestry-Associated Gene Signatures 

Discovering differential ancestry-associated tumor expression among self-reported 

Black Americans is more complex, as the genetic makeup of African American populations 

in the United States is highly admixed or comprised of varying frequencies of previously 

isolated populations. African ancestry ranges from 16.64% to 99.9% among self-identified 

Black Americans, and European ancestry may vary regionally.25 Due to this ancestral 

admixture of many African American populations, using self-reported race (SRR) alone 

has limited utility in genomic studies. Race is a valuable proxy when examining social 

determinants of health, such as structural racism, health care access, and environmental 

exposures. While ancestry does not capture social determinants of health, it does provide 



crucial insights into genetic predisposition to diseases. Previous work identifying African 

ancestry-associated expression in Triple-Negative Breast Cancer (TNBC) tumors 

determined that 48.1% of the African ancestry-associated genes were distinguishable from 

SRR-associated genes.26 Quantifying admixture by estimating global ancestry proportions 

for each individual can reveal ancestry-specific expression. Such an analysis has not been 

conducted in EOC tumors. 

The first comparative bulk RNA-sequencing study comprising a cohort of African 

women and African American women with TNBC uncovered 613 African ancestry-

associated gene signatures reported by Martini et al.26 Pathway enrichment analysis 

indicates the predominant function of these genes is related to TNBC tumor growth and 

inflammatory response, including mechanisms of immune cell trafficking. These findings 

are consistent with preceding studies indicating that African ancestry may be linked with 

heightened inflammatory responses and immune cell enrichment in the tumor, potentially 

affecting prognosis and tumor response among women of African descent.27  

Further evidence of increased inflammatory response at the tumor site among 

women with African ancestry is demonstrated by the differential expression of atypical 

chemokine receptor 1 (ACKR1/DARC) which encodes a seven-transmembrane G-protein-

coupled receptor. Chemokine receptors such as ACKR1/DARC play a vital role in cell 

proliferation, metastasis, and overall cancer progression.28 In a breast cancer study 

examining the relevance of DARC/ACKR1 concerning tumor immune response, they 

found that expression is significantly different across race.29 African Americans have the 

greatest proportion of DARC/ ACKR1-low tumors (40.1%), and the DARC gene contains 

many single nucleotide variants (SNVs) specific to Sub-Saharan African ancestry. Higher 



DARC/ACKR1 tumor expression is linked to longer overall survival and relapse-free 

survival. Functioning as a decoy receptor for several chemokines, including CCL2 and 

CXCL8, the DARC/ACKR1 receptor terminates their signaling mechanisms involved in 

pro-inflammatory pathways and tumor proliferation.30 DARC/ACKR1 is expressed on 

various inflammatory, endothelial cells, and occasionally tumor-derived epithelial cells.31 

DARC/ACKR1 may modify the tumor microenvironment, leading to variation in prognosis, 

treatment response, and survival, yet, the relevance of ancestry-associated DARC/ACKR1 

expression pertaining to EOC has not been extensively investigated. 

 

Implications 

Improved comprehension of variance in the tumor microenvironment and the 

clinical significance of differential gene expression may lead to improved outcomes in 

cancer patients. Identification of differentially expressed tumor genes linked to pro-

inflammatory, or cell proliferation pathways may aid in prognosis prediction, earlier disease 

detection, and more precisely targeted therapies. 

 The purpose of this analysis is to identify ancestry-associated genes among Black 

women diagnosed with high-grade serous EOC, which may provide crucial information 

necessary to improve survival rates and help attenuate race disparities in survival. There 

has been little assessment of differential expression among Black women with EOC, 

therefore, we will take advantage of a unique opportunity to study the patterns of 

expression and resulting outcomes. 

 

 



Methods 

Study Population 

The study population represents a subset of women enrolled in the African 

American Cancer Epidemiology Study (AACES), the largest population-based cohort of 

Black women diagnosed with EOC, and the North Carolina Ovarian Cancer Study 

(NCOCS), a population-based case-control study also among women diagnosed with 

EOC.32 Collectively, these studies include a total of 747 Black women diagnosed with 

EOC, encompassing a comprehensive range of histotypes and disease stages. However, 

cases involving aggressive forms of EOC were underrepresented due to some participants 

succumbing to the disease prior to study enrollment. Participants in AACES provided 

verbal consent and signed forms authorizing pathology release and access to medical 

records, while written informed consent was obtained from participants in NCOCS. 

Among the 747 Black EOC cases, 464 were classified as high-grade serous 

carcinoma (HGSC). Of this subset, 325 participants provided written consent for 

biospecimen-based analysis and had sufficient tumor tissue available for RNA extraction. 

Fifty-three participants who recently underwent neoadjuvant therapy were excluded from 

RNA sequencing due to the creation of specific signatures by chemotherapy in the tumor, 

rendering it incomparable to tumors from women without neoadjuvant chemotherapy. 

Furthermore, this study population includes participants from both AACES and NCOCS 

with available germline data, which was used to estimate global ancestry proportions. The 

final analytical sample consists of 211 self-identified African American women diagnosed 

with the HGSC histotype of EOC. 



Demographic characteristics and information on established EOC risk factors were 

previously obtained from surveys for all cases in this analytical sample. Tumor attributes, 

including stage and debulking status, were abstracted from both pathology and medical 

records.  

 

RNA Sequencing 

To evaluate the tissue-specific expression among participants, RNA sequencing 

(RNA-seq) was executed using formalin-fixed paraffin-embedded (FFPE) tumor tissue. 

This technique utilizes a high-throughput technology that produces a comprehensive 

overview of the complete transcriptome, assessing both the arrangement and quantity of 

RNA. RNA-seq has proven to be a highly effective tool for identifying functional genes and 

pathways associated with the development and progression of cancer. Compiling RNA-

seq findings, the Cancer Genome Atlas (TCGA) project generates a transcriptome 

database of 33 cancer types, including EOC, to identify potential therapeutic targets.33 To 

illustrate, HGSC has been previously identified as having TP53 mutations in nearly all 

tumors, along with a low frequency but statistically significant recurrence of somatic 

mutations in nine other genes, including NF1, BRCA1, BRCA2, RB1, and CDK12.34 These 

RNA-seq findings depicted molecular subtypes and allowed for pathway analysis, 

revealing signaling pathways associated with tumor pathophysiology.  

Following extraction from formalin-fixed paraffin-embedded (FFPE) tissue, RNA 

was stored at -80 degrees Celsius. Repurification was conducted using deoxyribonuclease 

(DNase) enzyme treatment and spin column purification in order to minimize the quantity 

of degraded RNA present (RNA < 200 nucleotides). Total RNA samples were used to 



prepare RNA libraries using reagents from the Illumina Stranded mRNA Prep and the 

Illumina RNA UD Indexes Set (20091657). Then, to produce strand-specific libraries 

enriched for coding regions of RNA, amplified libraries were hybridized to biotin-labeled 

probes from the Illumina Exome Panel (cat# 20020183). Sequencing libraries were 

chemically denatured and subsequently administered to an Illumina NovaSeq flow cell 

using the NovaSeq XP workflow. Following the transfer of the flow cell to an Illumina 

NovaSeq 6000 instrument, a 150 x 150 cycle paired-end sequence run was conducted. 

 Utilizing fastp, a pre-processing and quality control tool, reads were filtered to a 

PHRED score of 15 at a minimum and a length of at least 20 base pairs. Although, most 

base pairs were high quality with a score greater than 30. The program Salmon was used 

to quantify paired-end reads using GRCh38 release 95. Sequence-specific biases were 

corrected using seqBias and gcBias flags. Additionally, to ensure quantification accuracy, 

the rangeFactorizationBins parameter was set to 4. Low-expression genes were filtered 

out if they contained a median expression of 0 within a dataset. To ensure estimates were 

not biased by the total number of reads per sample, an upper quantile normalization 

technique was enacted by matching the 85th percentile across samples. Further samples 

were excluded where the median normalized read count was under 925. Lastly, samples 

were removed that were flagged as having very similar expression patterns by 

doppelgangR. Further detail on the RNA-seq processing of this data can be found in the 

paper by Davidson & Barnard et. al.35  

 

 

 



Statistical Analysis 

Global Ancestry Proportions 

DNA extracted from participant blood or saliva samples was genotyped using the 

OncoArray platform. Single nucleotide polymorphisms (SNPs) were included in the 

analysis if they existed in the pre-imputation OncoArray dataset, the 1000 Genomes 

Project phased reference data, and centimorgan coordinate maps. The percentage of 

SNPs assigned to African, European, and Asian ancestries was estimated across 

chromosomes 1 through 22. To approach regional ancestry, five African subpopulations 

were incorporated: Esan in Nigeria (ESN), Mende in Sierra Leone (MSL), Yoruba in 

Nigeria (YRI), Gambian in Western Divisions in the Gambia (GWD), and Luhya in 

Webuye, Kenya (LWK). Notably, LWK represents the sole East African subpopulation in 

the 1000 Genomes Project, while the other subpopulations are classified as West African. 

Reference samples selected from the 1000 Genomes Project were evenly distributed 

across the previously mentioned populations and incorporated all women to ensure 

comparability.  

Chromosomes 1 through 22 were analyzed individually using RFMix, a robust 

discriminative algorithm for estimating ancestry proportions.36 RFMix assigns each SNP to 

its most likely ancestry of origin by leveraging random forest methodology, which 

integrates multiple decision trees to generate a final prediction. The algorithm uses genetic 

information collected from small segments, referred to as windows, to manipulate the 

random forest classifier. 

To quantify ancestry proportions, the total number of SNPs assigned to each 

ancestry was summed and divided by the total number of SNPs analyzed, estimating the 



percentage of SNPs attributable to each ancestry. These assignments included African 

ancestry and West African ancestry in addition to the aforementioned populations. 

 

Ancestry-Expression Linear Regression 

Quantified genetic ancestry proportions were used to identify ancestry-associated 

tumor-specific genes in participants, using linear regression analysis comparing gene 

expression with the continuous ancestry variable. This analysis was conducted 

independently for each ancestry group (African, European, Asian, Mende in Sierra Leone 

(MSL), Yoruba in Nigeria (YRI), Esan in Nigeria (ESN), Yoruba in Nigeria (YRI), Gambian 

in Western Divisions in the Gambia (GWD), and Luhya in Kenya (LWK). We reported the 

top five most significant genes for each ancestry. A Bonferroni correction for the 

exploratory p-value of 0.10 was implemented to address the increased risk of false 

positive results due to multiple comparisons. The number of comparisons for each linear 

regression analysis corresponded to the number of genes (18,699), bringing the resulting 

p-value threshold to 5.35 x 10-6. 

 

Covariates 

Some risk factors were identified in the literature and assessed to examine the 

potential influence on the association between ancestry and tumor-specific expression, 

including body mass index (BMI). Higher BMI is of notable interest due to its established 

association with obesity-related chronic low-grade inflammation, which may promote tumor 

growth and influence the composition of the tumor microenvironment. To evaluate 

potential differential gene expression by BMI, violin plots illustrating the distribution of 



expression and summary statistics were generated for the top five most significant genes 

of each ancestry group, stratified by BMI (BMI ≥40 kg/m2 versus BMI <30 kg/m2). And two-

sample t-tests were performed to determine whether there were statistically significant 

differences in gene expression between the stratified BMI groups. Participants classified 

as overweight (BMI 30–39.9 kg/m2) were excluded from this analysis to focus on the 

comparison between individuals with obesity, who are more likely to exhibit increased pro-

inflammatory mechanisms, and those within a healthy weight range. 

Additionally, type 2 diabetes may influence the tumor microenvironment through the 

differential expression of genes and pathways associated with chronic inflammation, 

potentially forming a tumor microenvironment more conducive to tumor progression and 

metastasis. Previous studies have found poorer prognosis in EOC patients diagnosed with 

diabetes compared to those without, controlling for obesity and metformin use.37 Violin 

plots displaying the distribution and summary of expression for the top five most significant 

genes of each ancestry group were created, stratified by the presence or absence of a 

type 2 diabetes diagnosis. Two-sample t-tests were executed to identify statistically 

significant differences in expression by type 2 diabetes status. 

 

 

  

 

 

 



Results 

Characteristics of Participants and Cancer Diagnosis 

Variables comprised of demographic information, ovarian cancer risk factors and 

prognostic factors, protective factors, and ovarian tumor pathology data were recorded for 

all study participants (Table 1). Established ovarian cancer risk factors which were 

documented for participants include body mass index (BMI), smoking status, history of 

type 2 diabetes mellitus (T2DM), history of endometriosis, nulliparity, first-degree family 

history of ovarian cancer, and first-degree family history of breast cancer. 

 BMI is categorized by the following variables: (<18.5 kg/m2), normal weight (18.5 - 

24.9 kg/m2), overweight (25 - 29.9 kg/m2), class I obesity (30 - 34.9 kg/m2), class II obesity 

(35 - 39.9 kg/m2), and class III obesity (> 40 kg/m2). The majority of participants were 

categorized as overweight or obese, as only 16.3% of the cohort fell within the “normal 

weight” category. The most prevalent BMI categories among study participants were 

overweight and class I obesity, which encompassed 28.4% and 25.5% of participants, 

respectively. Overall, 83.3% of participants were classified as overweight or obese.  

Type 2 diabetes (T2DM), associated with both obesity and an increased risk of 

ovarian cancer, was diagnosed in 14% of participants- higher than the national average for 

self-report Black women of approximately 12.7% in 2021.38 Notably, the proportion of 

participants with T2DM who were obese (BMI ≥ 30) was nearly equivalent to the proportion 

of those with T2DM and a BMI below 30. 

In our study, 29.6% of participants reported a first-degree family history of breast 

cancer- substantially higher than the 11% prevalence observed in a representative cohort 

of cancer-free women in the United States.39 Additionally, 9.4% of subjects reported a first-



degree family history of ovarian cancer, which significantly increases the risk of being 

diagnosed with the disease.  

A history of endometriosis was reported by 8.7% of participants, which is 

comparable to the estimated 10% prevalence among women in general. However, it is 

important to acknowledge that Black women have historically been underdiagnosed with 

this condition.40 

Smoking was common among participants: 20.9% identified as current smokers, 

38.4% as former smokers, and 40.8% had never smoked. Oral contraceptive use- known 

to provide protective effects against ovarian cancer- was reported by 69% of participants, 

with a mean duration of use of approximately 43 months. This statistic is generally 

consistent with CDC data showing that 64.9% of U.S. women aged 15 to 49 use oral 

contraceptives.41 

 23.1% of participants reported general use of NSAIDs, while 14.7% specifically 

indicated aspirin use in the past. 

Approximately half of the participants in this analysis reported an education level of 

high school graduate, GED equivalent, or lower. Married individuals comprised 40.8% of 

the study population, representing the most common marital status. The majority (83.3%) 

of participants had given birth, with an average of 2.33 pregnancies across the cohort. 

Lastly, regarding tumor characteristics, approximately 75% of high-grade serous 

carcinoma (HGSC) cases were diagnosed at stage III. Suboptimal debulking status post-

surgery was reported in 33.6% of participants. 88% of participants underwent a 

hysterectomy, which is commonly executed in ovarian cancer treatment. Among molecular 



subtypes, the immunoreactive subtype was most prevalent, accounting for 36.5% of 

tumors, followed by the mesenchymal, proliferative, and differentiated subtypes. 

Table 1 summarizes the demographic and clinical characteristics of the study 

population and highlights potential patterns associated with HGSC cases in Black women. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Global Ancestry Proportions 

Figure 1.1 presents the distribution of global ancestry proportions among the study 

population (n = 211). Overall, the distribution of Asian ancestry proportions displayed low 

variance and held a few higher outliers with a median of 1.6% across participants and 

range of 0.01% to 1.3%. As the representation of Asian descent was extremely low among 

this study group, Asian ancestry was excluded from the ancestry-expression linear 

regression analysis. Alternatively, increased variability with a relatively even distribution 

was observed for European ancestry percentages, ranging from nearly 0% to nearly 44%. 

The median European ancestry proportion was 16.1%. Among the African subpopulations 

selected for analysis, the highest ancestry proportions were attributed to  

 

 

Figure 1.1: Study population global ancestry percentages. 



Yoruba in Nigeria (YRI) and Esan in Nigeria (ESN) subpopulations, with respective 

medians of 29.2% and 22.3%, and ranges of 1.8-36.5% and 11.3-33.6%. The sole East 

African population assessed, Luhya in Kenya (LWK), contributed to the smallest proportion 

of African ancestry overall with a median of 8.3% (range: 0.5%-15.4%). The genetic 

contributions the of Gambian in Western Division (GWD) and Mende in Sierra Leone 

(MSL) subpopulations fell in between the Nigerian subpopulations (YRI and ESN) and 

East African (LWK). 

 

 

Figure 1.2: Global ancestry proportions stratified by state of residence. 

 

 



To evaluate potential regional variances in ancestry proportions among participants, 

ancestry plots were stratified by state of residence (Figure 1.2). It is worth noting that the 

study population is not evenly distributed across represented states with 92 individuals 

residing in North Carolina and a majority living in southeastern states overall. The mean 

proportion of European ancestry slightly varied across states, ranging from 12.5% in South 

Carolina up to 20.1% in Louisiana. All proportions of African subpopulations (YRI, ESN, 

GWD, MSL, and LWK) remained nearly equivalent across the states depicted. 

 

Ancestry-Associated Gene Expression 

Table 2 presents the top five most statistically significant genes identified for each 

ancestry group, along with their unadjusted linear regression coefficients and 

corresponding p-values. This section provides a brief overview of these genes, while a 

more in-depth discussion of their biological functions and potential roles in cancer 

progression is included in the discussion section. 

Referring to the Bonferroni p-value threshold of 5.35 x 10-6, only one resulting gene 

is considered statistically significant in their relationship with ancestry proportions. The 

expression of SNX27 is significantly and inversely associated with the proportion of African 

ancestry. 

African, West African, and European ancestry share the same first and second 

most significant genes, SNX27 and TRBV29.1, respectively. The association between 

SNX27 expression and African ancestry displayed the singular statistically significant 

relationship out of the whole dataset with a p-value of 2.90 x 10-6. The expression of 

SNX27 and TRBV29.1 are both upregulated with European ancestry, having a positive LR 



coefficient, and they are downregulated with African ancestry and West African ancestry, 

resulting in negative coefficients. SNX27, also known as sorting nexin 27, is involved in 

retrograde transport from the endosome to the plasma membrane, promoting the recycling 

of internalized transmembrane proteins, rather than the destruction by lysosomes. The 

protein product of TRBV29.1 is the variable domain of the T-cell receptor complex which 

participates in antigen recognition. Following protein recognition, signaling cascades lead 

to activation of transcription factors which promote T-cell growth and differentiation. 

Therefore, the expression of TRBV29.1 is crucial for a successful adaptive immune 

response.  

The remaining African ancestry-associated genes of the top five include VPS45, 

TXNIP, and RASGEF1B, all of which, are downregulated relative to higher proportions of 

African ancestry. The function of VPS45 is largely unknown but evidence suggests that the 

gene plays a role in inflammatory mediator transportation. TXNIP encodes a thioredoxin-

binding protein, inhibiting the antioxidative properties of the thioredoxin, and exposing the 

cell to oxidative stress. The encoding protein is also thought to act as a tumor suppressor 

in certain cases. RASGEF1B functions as a guanine-nucleotide exchange factor (GEF) 

proposed to be involved with the GTP-binding proteins RAS signal transduction pathway 

crucial to cell growth and differentiation. 

The genes IGHGP and HEBP2P1 are unique to European ancestry, while West 

African and European ancestry both contain the YWHAH gene in their resulting 5 most 

significant lists, with YWHAH being upregulated for European and downregulated for West 

African ancestry. IGHGP is upregulated for European ancestry, while HEBP2P1 is 

downregulated. Both IGHGP and HEBP2P1 are classified as pseudogenes, and while they 



may contribute to gene transcription or cellular functions, very little is known about their 

contribution. The product of YWHAH belongs to the 14-3-3 family of proteins, which bind 

to phosphorylated proteins, mediating several signaling pathways including MAPK, WNT, 

and AKT. 14-3-3 proteins are instrumental to cell metabolism, protein trafficking, 

apoptosis, and cell cycle regulation.  

Top West African genes SNX27, TRBV29.1, and YWHAH have been previously 

noted due to the overlap with top African and European genes. The pseudogene 

RPL21P32 is upregulated by both West African and MSL ancestries, while CEP104 was 

downregulated and unique to West African ancestry. CEP104 encodes a centrosomal 

protein required for cilia formation and maintenance. The protein also plays a role in 

microtubule regulation, influencing cell division.  

 Two forkhead box genes, FOXD4L5 and FOXD4L6, were upregulated for LWK 

ancestry. Both FOXD4L5 and FOXD4L6 are predicted to participate in cell differentiation 

and transcription though RNA polymerase II regulation, although, the details of its 

mechanisms are largely unknown. The most significant gene for LWK ancestry, FUT2, 

encodes a protein crucial to the final step of secretor-type antigen synthesis and has 

implications for disease susceptibility and immune response. KCNJ1 facilitates potassium 

homeostasis in cells by encoding an inwardly-rectifying potassium channel embedded in 

the cell membrane. Last among LWK genes, NPM1P29, is a pseudogene with limited 

research concerning its involvement in cellular processes. However, its parent gene NPM1 

facilitates cell proliferation and protein chaperoning. The top five most significant genes for 

LWK ancestry, which were mentioned above, were all upregulated. 



 The most statistically significant genes found for MSL ancestry were RAB11B, 

TPH2, UPF3AP2, RPL21P32, and CCDC42, all of which were upregulated. The function 

of RPL21P32 was previously mentioned, as the gene is also significant for West African 

ancestry. The next gene, RAB11B plays a critical role in the regulation of endocytic and 

exocytotic pathways, facilitating transport processes of numerous proteins. TPH2 is 

primarily known for its role in serotonin and melatonin biosynthesis pathways. UPF3AP2 is 

a non-functional gene derived from UPF3A which regulates mRNA stability and quality 

control. Lastly, CCDC42 plays a critical role in the formation of motile cilia, acting either on 

or upstream of the centrosome cycle.  

With respect to YRI ancestry proportions, the most significant genes were GDAP2, 

RXFP1, PPP2R2C, LTBP1, and GDF10. The top five most significant genes were all 

downregulated. GDAP2 is predicted to play a role in retinoic acid (vitamin A derivative) 

pathways, otherwise, little is known regarding the gene function. The gene RXFP1 

encodes for a part of a subgroup of the G protein-coupled 7-transmembrane receptor 

superfamily. As a receptor for the hormone relaxin, the encoded protein is crucial for 

pregnancy and parturition. Reduced expression of RXFP1 has been associated with 

endometriosis. Next, the product of PPP2R2C is a regulatory subunit for protein 

phosphatase 2a (PP2A), an enzyme that modulates cell cycle progression. PP2A activity 

is commonly suppressed with cancer, leading to sustained cell proliferation. The protein 

encoded by LTBP1 regulates and activates the transforming growth factor beta (TGF-β) 

signaling pathway which influences cell growth and immune responses. Interestingly, the 

final gene for YRI, GDF10, encodes the ligand that binds to the TGF-β receptor. 

Subsequent to ligand induction, SMAD transcription factors are activated and bind to 



promoter regions of DNA, influencing expression. GDF10 also acts as a tumor suppressor 

gene in certain cancers, applying its effects through the TGF-β signaling pathway’s control 

of cell proliferation and differentiation.  

In relation to GWD ancestry proportions, the expressions of MAGEH1, TRO, 

COL25A1, HMGB1, and HCLS1 were upregulated and the most statistically significant 

genes. MAGEH1 belongs to of a non-CT (cancer/testis) subgroup of the melanoma-

associated antigen (MAGE) protein family, indicating that its expression is not necessarily 

restricted to germ cells or cancer cells, unlike most MAGE genes. The protein encoded by 

MAGEH1 is predicted to be involved with cell cycle arrest and apoptosis. Similarly, TRO 

also belongs to the MAGE protein family. The protein encoded by TRO mediates cell 

adhesion between endometrium epithelial cells and trophoblastic cells during embryo 

implantation, and it is presumed to play a role in ectopic pregnancy and potential cancer 

formation. COL25A1 is highly expressed in brain cells and has no known function outside 

of the nervous system. HMGB1 produces a protein belonging to the High Mobility Group-

box superfamily. The encoded protein has several functions, including regulation of tumor 

cell migration, inflammatory processes, and cell differentiation. The final gene HCLS1 is 

primarily involved in cell migration and immune cell signaling. 

The top five genes identified for ESN ancestry were G3BP1P1, YWHAH, 

TMEM106B, CEP164, and SNCA. YWHAH function has been previously noted due to its 

overlap with West African and European ancestries. Similar to West African ancestry, it is 

downregulated. G3BP1P1 is an upregulated pseudogene derived from G3BP1, which is 

involved in innate immunity processes and stress granule formation. TMEM106B, 

downregulated relative to higher ESN ancestry proportions, is highly expressed in neurons 



and controls endosomal and lysosomal trafficking. CEP164 is upregulated and modulates 

microtubule organization, chromosome segregation, and DNA damage response through 

the production of a centrosomal protein. Finally, SNCA is involved in several neuronal 

processes including synaptic vesicle trafficking and subsequent neuron release. SNCA is 

downregulated with higher proportions of ESN ancestry. 

 

 

 

 

 

 



 

 

Table 2: Top 5 genes of each ancestry with respective LR coefficients and raw p-values 

 

 

 

 

 

 

 

 

 



Expression stratified by BMI and Type 2 Diabetes 

Of the top five genes for each ancestry, four were found to have statistically 

significant differential expression by the selected BMI categories (BMI ≥40 kg/m2 versus 

BMI <30 kg/m2) when conducting 2 sample t-tests (Figure 2). This consists of the genes 

FOXD4L5 of LWK (p-value = 0.0212), G3BP1P1 of ESN (p-value = 0.0028), TMEM106B 

of ESN (p-value = 0.0129), and GDF10 of YRI (p-value = 0.0471). FOXD4L5, G3BP1P1, 

GDF10, and TMEM106B were all significantly downregulated among participants with a 

BMI of 40 kg/m2 compared to expression in participants with a BMI of less than 30 kg/m2. 

As for type 2 diabetes diagnosis, FOXD4L5 of LWK ancestry was the only 

statistically significant gene found to differ in expression by type 2 diabetes status (p-value 

= 0.0211), which is displayed in Figure 3. Similar to its differential expression by BMI, 

FOXD4L5 is significantly downregulated in participants diagnosed with type 2 diabetes, 

compared to expression in participants with no history of type 2 diabetes. 

 

  



 

A. African       B. European 

   C. MSL        D. West African 

E. LWK        F. YRI  

G. GWD        H. ESN 

Figure 2: Expression of the 5 most significant genes of each ancestry. Stratified by BMI (<30 

versus =>40). 



 



 

Figure 4: Common functions of resulting genes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Discussion 

Implications of Ancestry-Associated Gene Expression 

 Overall, the top five genes identified as differentially expressed for each ancestry 

exhibit diverse functions and play varied roles in vital cellular processes. Some of these 

genes have been repeatedly linked to cancer metastasis and tumor progression, given 

their established involvement in cell proliferation, migration, immune evasion, and other 

processes that promote a tumor-supportive environment. Conversely, some identified 

genes are either non-functional or have limited information available in the literature 

regarding their potential association with cancer in general or EOC specifically. This 

section explores the possible implications of the five most significant genes for each 

ancestry in relation to EOC. 

SNX27 and TRBV29.1 upregulation is associated with higher proportions of European 

ancestry, while SNX27 and TRBV29.1 downregulation is associated with higher 

proportions of African and West African descent. Further, the genes have correlated 

functions, suggesting that SNX27 and TRBV29.1 may function in conjunction to promote 

tumorigenesis. Specifically, the overexpression or underexpression of SNX27 and 

TRBV29.1 may impact tumor cell growth and proliferation through T-cell regulation. 

SNX27 facilitates the recycling of the T-cell receptor (TCR) from endosomes to the plasma 

membrane, while TRBV29.1 encodes the variable domain of the TCR receptor, enabling 

cancer cell antigen recognition.42,43  Upon antigen recognition, downstream signaling 

cascades stimulate T-cell activation and proliferation. Insufficient expression of either 

SNX27 or TRBV29.1 may impair T-cell presence, reducing the immune system’s ability to 

identify and eliminate cancer cells.44 This weakened adaptive immune response to cancer 

cells could contribute to uncontrolled cell proliferation. 



VPS45, another downregulated gene in individuals with African ancestry, is thought to 

be involved in leukocyte intracellular protein transport, similar to SNX27, although its 

precise function remains unclear.45 Given the characterizations and expressions of 

VPS45, SNX27, and TRBV29.1, individuals with higher African and West African 

ancestries may be susceptible to decreased T-cell production in response to EOC cells, 

potentially leading to poorer prognoses. 

TXNIP, a key regulator of cellular oxidation and metabolism, plays a complex role in 

cancer cells, as it has been suggested that its function may have varying implications 

contingent on cancer type and stage. The consequence of TXNIP upregulation relative to 

higher African ancestry is unclear until its mechanistic role in EOC cells is better 

understood. Adding to the complexity, when stratifying early- vs. late-stage cases of 

ovarian cancer in one study, TXNIP expression was found to be associated with 

differential clinical outcomes, specifically, poor survival in late-stage disease but better 

survival in early-stage disease.46 The mechanism responsible for this phenomenon 

remains unknown.  

Additionally, it has been proposed that TXNIP may play a key role in cancer and 

diabetes, as it targets both thioredoxin (TRX)-mediated redox regulation and glucose 

transporter (GLUT)-mediated metabolism.47 TXNIP expression is associated with a 

significant reduction in cellular glucose uptake. Increased glucose uptake and hyperactive 

glycolysis are typical metabolic changes observed in EOC to fuel cell growth and 

proliferation, aligning with the downregulation of TXNIP associated with African ancestry. 

Further, increased expression of GLUT receptors is linked with poorer prognosis and 



survival times across EOC patients, illustrating TXNIP as a potential prognostic marker for 

EOC.48 

RASGEF1B is thought to activate RAP2 (RAP2A, RAP2B, RAP2C) proteins from their 

inactive-GDF-bound state to active GTP-bound state.49 RAP2 proteins act as intracellular 

signal transducers responding to the stiffness and composition of the extracellular matrix 

(ECM).50 The rigidity of the ECM is a vital cell property that can drastically alter cell 

signaling and has the capacity to promote a tumor microenvironment conducive to cancer 

metastasis. RAP2 activation has been previously implicated in cancer progression, due to 

its promotion of cell migration and negative regulation of cell adhesion.51 This relationship 

between RAP2 protein and cancer progression is probable but unconfirmed. RASGEF1B 

is downregulated relative to higher proportions of African ancestry, which, in theory, would 

decrease the quantity of RAP2 proteins and slow tumor cell migration, protecting against 

EOC progression. With this logic, African ancestry would be associated with improved 

EOC prognoses. 

YWHAH, upregulated for higher proportions of European ancestry and downregulated 

for higher proportions of West African ancestry, has been demonstrated to function as an 

oncogene in thyroid cancer cells and as a tumor-suppressor gene in hepatocellular cancer 

cells through the mediations of several signaling pathways.52 It is poorly understood how 

YWHAH-related pathways impact ovarian cancer cells specifically. Further research is 

needed to provide insight into the differences in the expression of YWHAH for European 

and West African ancestries, as YWHAH is involved in numerous cellular processes such 

as metabolism, cell cycle regulation, and protein trafficking.  



CEP104, which is downregulated relative to higher proportions of West African 

ancestry, facilitates microtubule formation and ciliogenesis, impacting cell division and 

motility.53 Errors in CEP104 may lead to dysfunctional mitotic spindles that are essential to 

mitosis and consequently trigger abnormal cell division.54 CEP104 knockout has been 

demonstrated to cause ciliopathy, a group of disorders resulting from defective cilia. The 

gene’s potential connection to cancer is not established, although underexpression may 

be related to abnormal cell division or dysfunctional cell signaling because of cilia 

abnormalities. One study found that the percentage of ciliated cells was lower in HGSOC 

metastasis cases compared to patient-matched primary tumors.55 Further work must be 

done to comprehend the implications of these cilia patterns and how the downregulation of 

CEP104 for West African ancestry may affect cancer progression.  

Expressed differentially by LWK ancestry, FUT2 controls the secretion and expression 

of ABO blood group antigens in bodily fluids.56 FUT1 and FUT2 catalyze the last step of 

Globo-H antigen biosynthesis, adding fructose to the precursor. A ceramide portion is 

synthesized in the ER and Golgi apparatus, allowing the newly formed Globo-H ceramide 

to anchor to the cell membrane. Globo-H ceramides are overexpressed on the cell 

surfaces in a variety of epithelial cancers, contributing to immune evasion and 

tumorigenesis.57 A study assessing the levels of anti-Globo H antibodies in participants 

diagnosed with serous ovarian cancer in comparison to women without gynecological 

malignancies, found that participants with serous ovarian cancer displayed significantly 

higher levels of the antibody when measured with both flow cytometry and suspension 

array techniques.58 This finding aligns with the upregulated expression of FUT2 in 



association with LWK ancestry among HGSC cases. Globo-H has even been proposed as 

a potential tumor marker and therapeutic target. 

FOXD4L5 and FOXD4L6 are both slightly upregulated among women with greater 

proportions of LWK ancestry, and the genes may have coregulated expression as they are 

located in the same gene cluster on chromosome 9.59 Notably, FOXD4L5 was differentially 

expressed in our analysis when stratified by BMI and when stratified by type 2 diabetes 

diagnosis. However, existing literature has not implicated FOXD4L5 in either obesity or 

type 2 diabetes. Both genes belong to the Forkhead Box (FOX) transcription factor family, 

composed of an evolutionarily conserved group of transcription regulators predicted to be 

involved in several cellular processes and human diseases.60 All genes in the FOX family 

have close mouse orthologs with one exception. The mouse has a single FOXD4 gene 

whereas the human gene has undergone a recent replication to a total of 7 genes (FOXD4 

and FOXD4L1 to FOXD4L6).61 The FOXD4 subgroup genes are not well understood 

relative to the rest of the FOX family genes. Further research is needed to better 

comprehend the functions of FOXD4L5 and FOXD4L6, particularly in relation to obesity, 

diabetes, and cancer. 

KCNJ1, which is upregulated with higher proportions of LWK ancestry, encodes an 

inwardly-rectifying potassium channel protein that plays a vital role in cellular ion 

homeostasis.62 There is little information in the literature about the potential role of KCNJ1 

in cancer. However, an analysis examining KCNJ1 expression in clear cell renal cell 

carcinoma (ccRCC) found that expression was significantly associated with tumor 

pathology grade and clinical stage.63 KCNJ1 gene knockout enhanced cancer cell 

proliferation, while the re-expression of KCNJ1 in ccRCC cell lines resulted in increased 



cancer cell apoptosis and inhibited cancer cell growth. The influence of KCNJ1 distinctive 

to EOC cells is unknown, but it is possible that it could function similarly to what has been 

observed in ccRCC cells. If so, then higher proportions of LWK ancestry may play a 

protective role against EOC growth and metastasis.  

Upregulated with higher proportions of MSL ancestry, RAB11B plays a crucial role in 

intracellular membrane trafficking through the activation of proteins from their inactive 

GDF-bound state to their active GTP-bound state.64 RAB11B controls the expression and 

recycling of proteins back to the cell membrane surface, including integrin β1.65 Integrin β1 

is a transmembrane protein that facilitates cell-cell adhesion and cell-ECM interactions. 

The protein has previously been implicated in cancer progression due to its involvement in 

cell adhesion, migration, proliferation, and chemotherapy resistance.66 In ovarian cancer 

specifically, integrin β1 was found to be frequently upregulated, enhancing ovarian 

tumorigenesis.67 More details regarding the mechanistic relationship between RAB11B 

and integrin β1 expression on the cell surface are needed to meaningfully interpret the 

upregulation of RAB11B in relation to MSL ancestry. 

TPH2, which is upregulated for greater proportions of MSL ancestry, is primarily 

expressed in the brain due to its importance in serotonin biosynthesis.68 This gene has no 

other known functions and appears unrelated to cellular processes involved in cancer 

progression, making it difficult to draw conclusions about its upregulation. 

CCDC42 expression increases with higher proportions of MSL ancestry. There is very 

little information concerning the function of CCDC42 in ovarian cells, and several studies 

highlight the gene’s importance in male fertility and sperm development.69 CCDC42 is also 

predicted to influence the centrosome cycle and cilium assembly. More concrete 



information concerning the gene’s function is required to evaluate its potential role in EOC 

cells and cancer progression. 

GDAP2 is downregulated relative to higher proportions of YRI ancestry. Although the 

vast majority of research on this gene investigates its role in neuronal differentiation and 

development, it may also be implicated in cellular stress responses. The knockdown of 

GDAP2 in flies resulted in increased susceptibility to oxidative stress and nutrient 

deprivation.70 The gene has no known relationship to cancer development or progression, 

and its role specific to EOC is unknown. Further research into GDAP2 function in non-

neuronal cells is needed to draw any conclusions about its downregulation with YRI 

ancestry. 

The gene RXFP1, which is downregulated with higher proportions of YRI ancestry, 

encodes the receptor of the hormone relaxin.71 Ovarian cancer cells are characterized by 

low levels of RXFP1 expression, which aligns with our results. Complete inhibition of 

RXFP1 or relaxin has been demonstrated to increase cisplatin sensitivity of OC cell lines 

and suppress in vivo tumor formation.72 Another analysis found that the relaxin-2/RXFP 

signaling pathway may contribute to ovarian cancer progression by modifying biological 

properties of ovarian cancer cells. For instance, lower expression of RXFP1 reduces 

ovarian cancer cell and ECM adhesion and increases their inclination towards apoptosis.73 

Conversely, increased expression of RXFP1 enhances cell-ECM adhesion and improves 

tumor cell migration capacity. With this logic, very low levels or complete knockout of 

RXFP1 may contribute to reduced metastasis and improved prognoses among EOC 

patients. In our results, expression of RXFP1 is decreased relative to higher YRI 

proportions, but it is unclear if expression is low enough to have protective effects. 



The gene PPP2R2C is downregulated relative to higher proportions of YRI ancestry. 

Regulating cell division and growth, PPP2R2C is considered a tumor suppressor in the 

brain, as its downregulation is associated with greater cell proliferation of glioma cells.74 

The gene’s downregulation in relation to YRI ancestry may lead to greater ovarian tumor 

growth and worse prognoses, although the gene’s roles in tissues apart from the brain are 

understudied. 

The gene LTBP1 is downregulated relative to higher proportions of YRI ancestry. 

LTBP1 regulates the activation of transforming growth factor-beta (TGF-β) proteins, 

impacting numerous cellular processes relevant to cancer.75 TGF-β signaling typically 

suppresses tumorigenesis and promotes differentiation of normal cells in early stage 

cancers.76 In advanced cancer stages, which pertains to the majority of cases in this 

analysis, TGF-β signaling is frequently modified to promote tumor progression and 

metastasis. LTBP1 gene expression may be related to TGF-β overactivation, inducing 

epithelial-mesenchymal transition (EMT) to optimize cancer cell migration and ECM 

remodeling to facilitate growth and metastasis. A study on cervical cancer cells found that 

LTBP1 knockdown resulted in increased cell proliferation and heightened in vitro migration 

and in vivo metastasis.77 Additionally, researchers found that the quantity of myeloid-

derived suppressive cells in vitro increased and T cells decreased. Although LTBP1 

expression is not well researched in terms of ovarian cancer cells, decreased expression 

may be associated with worse outcomes and metastasis for EOC as well.  

Interestingly, GDF10, which is also downregulated with higher proportions of YRI 

ancestry, encodes a secreted ligand belonging to the transforming growth factor-beta 

superfamily.78 An analysis exploring the underexpression and overexpression of GDF10 in 



TNBC tumors found the gene to be downregulated in tumors compared to matched 

controls, promoting cell proliferation and invasion. Alternatively, GDF10 overexpression 

inhibited proliferation, invasion, and EMT. Additional findings indicated that GDF10 may 

act as a tumor suppressor gene in epithelial cells, as its overexpression reduced tumor 

progression and enhanced apoptosis in a TNBC xenograft mouse model. If GDF10 

expression functions similarly in EOC cells as in TNBC cells, then downregulation in YRI 

ancestry would correlate with increased tumor invasiveness and worse outcomes. 

Although the previously discussed gene, LTBP1, primarily regulates TGF-β isoforms, 

LTBP-mediated regulation of TGF-β signaling indirectly affects GDF10, as it belongs to the 

transforming growth factor beta superfamily. Both LTBP1 and GDF10 are downregulated 

in correlation to higher proportions of YRI ancestry, so further research into their pathways 

is necessary to understand their impact on EOC progression. 

Additionally, GDF10 was significantly differentially expressed by BMI stratification, 

downregulated in participants with BMI of 40 kg/m2 or greater compared to those with a 

BMI less than 30 kg/m2. The gene plays a crucial role in inhibiting adipogenesis through 

the expression of key transcriptional factors. A prospective case-control study examining 

the role of GDF10 in childhood obesity found that children with an increased BMI 

displayed significantly lower serum concentrations of GDF10 compared to children with 

normal BMI.79 Although our analysis consists of adults exclusively, the findings align with 

those of this study.  

Trophinin, the protein product of the TRO gene, facilitates cell adhesion between 

epithelial endometrial cells and trophoblastic cells, during the initial process of embryo 

implantation.80 Additionally, TRO is one of the genes that is most downregulated through 



RAS pathway induction, a pathway promoting cell growth and differentiation which is 

frequently enhanced in ovarian cancer.81 The knockdown of TRO leads to cisplatin 

resistance, a common chemotherapy drug used to treat ovarian cancer and greater 

invasiveness of ovarian cancer cells. Because of this, overexpression of TRO would be 

linked to improved prognoses. TRO was found to be upregulated in association with GWD 

ancestry, suggesting increased protection against ovarian cancer invasiveness.  

In another overexpressed GWD gene, MAGEH1, its protein product is linked with cell 

cycle arrest, apoptosis, and growth inhibition.82 In an analysis examining MAGEH1 

expression, researchers found that the gene was downregulated in hepatocellular 

carcinoma (HCC) tumor tissues compared to normal liver tissue, with upregulation 

resulting in reduced HCC cell proliferation and migration.83 Also in this analysis, low 

MAGEH1 expression was significantly associated with poor HCC prognosis. These 

findings suggest that the upregulation of MAGEH1 for GWD ancestry may have protective 

effects for EOC patients. However, it is unknown if the gene functions similarly across 

different types of cancers. 

The MAGE family genes TRO and MAGEH1, both of which are upregulated relative to 

higher proportions of GWD ancestry, are located in close proximity on the X chromosome. 

MAGEH1 is located at Xp11.21 and TRO is located at the bands Xp11.21-22, suggesting 

that TRO and MAGEH1 may be linked genes and jointly impact ovarian cancer 

progression.84, 85 

COL25A1 is upregulated relative to higher proportions of GWD ancestry. The gene 

encodes a neuron-specific membrane-associated collagen and plays a vital role in 

Alzheimer’s disease pathogenesis.86 The literature available on the gene’s function 



excluding neuronal expression is limited; however the collagen encoded by COL25A1 has 

recently been proposed to modify the ECM of various tissues aside from neurons, as ECM 

is primarily composed of collagen.87 Modifications to the ECM may influence cancer cells’ 

capacity for invasion, adhesion, and migration, ultimately creating a more conducive 

environment for tumor progression. Notably, COL25A1 has been found to be dysregulated 

and expressed in several cancers. It would be meaningful to further explore the specific 

implications of COL25A1 expression in cancerous tissues, as many of the genes 

discussed have been implicated in ECM regulation and cancer progression.   

HMGB1, belonging to the High Mobility Group-Box superfamily, is upregulated with 

higher proportions of GWD ancestry. It regulates numerous cellular processes, including 

cell migration, inflammatory response, and cell differentiation.88 Its pathways are complex 

and poorly understood, considering the gene has been demonstrated to act both as an 

oncogene and tumor suppressor under various circumstances.89 For instance, 

extracellular HMGB1 promotes the secretion of cytokines including IL-6 and IL-8, which 

subsequently stimulate tumor cell invasion, metastasis, angiogenesis, and EMT. However, 

HMGB1 expression in the cell nucleus assists in the regulation of telomeres and the 

maintenance of DNA repair, so the loss of HMGB1 leads to genome instability and 

amplified tumorigenesis. It is difficult to draw conclusions about the role of HMGB1 

expression in EOC progression due to its intricate role as an oncogene and a tumor 

suppressor gene.  

HCLS1, commonly referred to as HS1, is upregulated relative to higher proportions of 

GWD ancestry. HS1 has been shown to be overexpressed in several cancers, with its 

elevated expression associated with enhanced cell migration, metastasis, and poor 



prognoses.90 In a study examining HS1 expression, Kaplan–Meier analysis revealed that 

higher HS1 expression was significantly linked to shorter OS among patients with stage II–

IV ovarian cancer, while no statistically significant association was observed for stage I 

ovarian cancer cases. Furthermore, the downregulation of HS1 suppressed the migration 

and invasion of ovarian cancer cells, whereas overexpression of exogenous HS1 

enhanced these aggressive processes. These findings suggest that the upregulation of 

HS1 may contribute to worse outcomes, potentially placing EOC patients with higher GWD 

ancestry at greater risk. 

CEP164 is upregulated relative to higher proportions of ESN ancestry, influencing 

microtubule organization and DNA damage response. CEP164 downregulation has been 

found to be associated with the deletion of primary cilia and the proliferation of pancreatic 

cancer cells.91 However, the literature concerning the characterization of CEP164 and its 

potential impact on cancer progression is very limited.  

TMEM106 is downregulated relative to higher proportions of ESN ancestry. The gene 

encodes a transmembrane protein contributing to the physiological regulation of the 

lysosome. Changes in TMEM106B expression, whether decreased or increased, can lead 

to lysosome abnormalities.92 Further, TMEM106B has been identified as a robust driver of 

lung cancer metastasis, with its overexpression linked to poor OS and progression-free 

survival.  However, the gene’s role in lung cancer metastasis has not been extensively 

studied or implicated in any other types of cancer. More research is required to 

corroborate its role in lung cancer progression and clarify the gene’s role specific to EOC 

cells.  



Additionally, we found that TMEM106B expression is significantly downregulated 

among participants with a BMI of 40 kg/m2 or greater compared to those with a BMI of less 

than 30 kg/m2. An analysis of TMEM106B in mouse models found that TMEM106B gene 

knockout resulted in significant body weight gain and increased fat deposition.93 This 

finding aligns with the pattern of TMEM106B expression found in our BMI stratification. 

However, the mechanisms responsible for this trend remain unclear.  

SNCA is downregulated relative to higher proportions of ESN ancestry. The encoded 

protein product, alpha-synuclein, is primarily known for its regulation of synaptic activity 

and role in Parkinson’s Disease pathogenesis. Some literature suggests SNCA could 

influence tumorigenesis, however, it remains uncertain. One analysis on lung 

adenocarcinoma (LUAD) found that SNCA expression was lower in LUAD tissue 

compared to normal tissue, and higher expression in LUAD tissue was associated with 

improved prognosis.94 Additionally, the researchers discovered statistically significant 

positive associations between SNCA expression and immune infiltrations, including CD8+ 

T cells, CD4+ T cells, B cells, neutrophils, and macrophages. Enrichment analysis 

confirmed the gene’s involvement in the PI3K-AKT signaling pathway and other key tumor 

signaling pathways. SNCA may function similarly in EOC cells, and if so, downregulation 

relative to ESN ancestry may reduce the count of infiltrating immune cells and potentially 

worsen prognosis. 

In this analysis, several pseudogenes were found to be differentially expressed by 

ancestry, including IGHGP, HEBP2P1, RPL21P32, NPM1P26, UPF3AP2, and G3BP1P1. 

Historically, pseudogenes were thought to be inconsequential, as they do not encode 

proteins. As a result, information on their function and influence on cellular processes 



remains limited. More recent research suggests that pseudogenes may modulate gene 

expression and potentially contribute to the pathogenesis of cancer. Ancestry-

differentiated pseudogene expression is highly prevalent in our results, with six of the 

resulting genes being implicated, suggesting a possible connection between the 

pseudogenes’ function and involvement in EOC. 

 

Strengths + Limitations 

This analysis has a few limitations that should be considered when interpreting the 

findings. First, the study population was relatively small, which may limit the statistical 

power of the results. A larger sample size would provide greater confidence in the 

observed associations and improve the ability to detect subtle differences in ancestry-

associated differential gene expression. 

Second, potential confounding factors may influence the results. While efforts were 

made to account for known confounders, unmeasured variables may have influenced the 

results and affected the strength of the associations observed.  

Despite these limitations, this study offers valuable insights into ancestry-

associated gene expression patterns among Black women with EOC, including the 

identification of differentially expressed genes that may contribute to tumor metastasis and 

poor prognoses.  

A key strength of this exploratory analysis is its novel focus. This is one of the first 

studies to investigate the relationship between genetic ancestry and EOC tumor gene 

expression in Black women. These findings may help advance our understanding of 

survival disparities and disease progression in this population. 



Summary + Conclusion 

Overall, the top five genes identified for each ancestry demonstrated distinct biological 

implications. Many of the differentially expressed genes associated with African ancestry 

or its subpopulations appear to promote cancer progression. Several of these genes play 

key roles in processes such as cell adhesion and migration, immune evasion, and 

enhanced cell proliferation, mechanisms that are likely to contribute to EOC metastasis 

and poor clinical outcomes. However, it remains challenging to definitively determine the 

involvement of these genes in EOC, as many are implicated in multiple cellular pathways 

and exhibit diverse effects across different cancer types. 

Alternatively, some differentially expressed genes appear to have limited or no known 

association with cancer progression or EOC specifically. Several factors may account for 

this. For some genes, particularly pseudogenes, there is a general lack of functional 

information in the existing literature. In other cases, the known function of a gene is 

primarily characterized within a specific tissue type unrelated to EOC, such as neurons, 

with little evidence available regarding its role in other contexts. 

The genes identified as significantly differentially expressed by BMI categories or type 

2 diabetes diagnosis included FOXD4L5, TMEM106B, GDF10, and G3BP1P1. The 

amount of data available on these genes widely varies. For example, FOXD4L5, which 

was differentially expressed by both BMI and type 2 diabetes status, has limited functional 

characterization in the literature, offering little insight into its potential role in obesity or 

diabetes. Similarly, G3BP1P1, a pseudogene, is also poorly understood. In contrast, 

previous studies have associated TMEM106B and GDF10, both of which were found to be 

downregulated with increasing BMI, with obesity-related mechanisms. 



The results of this analysis include several pseudogenes, under-researched genes, 

and genes involved with a wide variety of cellular processes. To better comprehend the 

implications of these results, further research is necessary to investigate functions of key 

genes that currently lack sufficient characterization. Strengthening our knowledge in this 

area will enhance our understanding of the differentially expressed pathways and the 

mechanisms shaping the EOC tumor microenvironment. For genes with more compelling 

links to cancer progression, future gene knockout studies in EOC cell models may help 

clarify how gene expression influences the tumor microenvironment and potentially drives 

metastasis. 
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