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Simple Summary: Ovarian cancer (OC) is the second most common gynecologic cancer in the United
States, causing more deaths than any other cancer of the female reproductive system. Mortality rates
for ovarian cancer of recent African origin, compared to those of either Asian or American ancestry,
have increased over the years. Identifying microRNA signatures associated with racial disparities can
be an effective prognostic tool in the clinic. In this study, we first identified significant genetic
prognostic markers and microRNA signatures linked to them. We used both Formalin-fixed paraffin-
embedded and fresh ovarian cancer tissue samples from African American and Caucasian patients
with serous ovarian cancer. Total RNA extraction was performed on the tissue samples, and
quantitative PCR was used to determine the differential expression of various microRNAs linked to
the identified prognostic markers. Determining microRNA signatures in ovarian cancer will provide
information about their potential clinical relevance for future diagnosis, prognosis, and therapeutics.

Abstract: Ovarian cancer (OC) is the second most common gynecologic malignancy in the U.S. and
the leading cause of death among cancers of the female reproductive system. Notably, mortality rates
have disproportionately increased among women of African ancestry compared to those of Asian or
European descent. Identifying microRNA (miRNA) signatures linked to these racial disparities may
improve prognostic tools and guide personalized treatment. In this study, we first identified key
prognostic markers for overall survival in serous ovarian cancer (SOC) from TCGA via the Human
Protein Atlas, including ITGB1 (p=0.00033), TIMP3 (p=0.0035), and BRAF (p=0.026). Using
TargetScanHuman v8.0, we predicted miRNAs targeting these genes and selected those commonly
associated: miR-192, miR-30d, hsa-miR-16-5p, miR-143-3p, and miR-20a-5p. Formalin-fixed, paraffin-
embedded (FFPE) and fresh SOC tissue samples from African American and Caucasian patients were
collected post-surgery at Loma Linda University (2010-2023). Total RNA was extracted, followed by
cDNA synthesis and qRT-PCR to assess miRNA expression. Expression data from LLU were then
correlated with clinicopathologic data from TCGA (n=445). miR-192-5p emerged as the most
significant, showing marginal differential expression in LLU samples (p=0.0712) and significant
correlation with survival in TCGA (p=0.021). Further pathway enrichment and gene ontology
analyses using miRTargetLink2.0 and Enrichr linked miR-192, miR-16-5p, miR-143-3p, and miR-20a-
5p to ITGB1; miR-143-3p/miR-145-5p to BRAF; and miR-16-5p and miR-30c/d to TIMP3. These
findings suggest miRNA signatures, particularly miR-192-5p, may have clinical relevance in
addressing racial disparities in OC prognosis and therapy.
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1. Introduction

Ovarian cancer (OC) is one of the most lethal gynecologic malignancies worldwide, posing
significant challenges due to late detection, high recurrence, and poor survival rates [1]. Serous
ovarian carcinomas (SOCs), the most prevalent form of epithelial OC, are classified by the WHO into
serous cystadenomas, adenofibromas, borderline tumors, and low- and high-grade carcinomas [2].
Although OC incidence in the U.S. has declined by ~2% annually from 2017 to 2021, African American
(AA) women continue to experience significantly lower 5-year survival rates compared to Caucasian
American (CA) women (CDC (https://gis.cdc.gov); [3]). Population-specific genetic and molecular
differences partly drive these disparities [4,5].

miRNAs are small, non-coding RNAs that regulate gene expression by degrading or inhibiting
translation of target mRNAs, thereby influencing oncogenes and tumor suppressor genes [6].
MicroRNA (miRNA) expression variations may partially explain ethnic differences in SOC, given
their roles in cell cycle regulation, apoptosis, invasion, and angiogenesis [7]. miRNAs are thus
promising candidates for diagnostic and prognostic biomarkers [8,9]. Circulating miRNAs are stable
in biofluids and can be detected through advanced techniques like in situ hybridization and qRT-
PCR, enhancing their clinical utility [10].

Historically, High-grade SOC has been associated with mutations in TP53 and BRCA1/2, which
are targets of standard therapies, including platinum-taxane combinations and PARP inhibitors [11].
However, resistance and recurrence remain significant barriers. Conventional biomarkers such as
CA125 and HE4 lack sensitivity and specificity, especially in early-stage disease, prompting interest
in miRNA-based alternatives [12].

Several miRNAs—such as miR-200, miR-141, let-7b, and miR-199a—have been identified as
prognostic in OC [13]. Genes like ITGB1, TIMP3, and BRAF, listed in the Human Protein Atlas
(TCGA), also emerge as potential prognostic markers. ITGB1, often upregulated in OC, promotes
tumor progression [14,15]. TIMP3 functions as a tumor suppressor by inhibiting MMPs, promoting
apoptosis, and preventing angiogenesis [16]. Downregulation of TIMP3—as influenced by miR-
30d—is associated with poorer outcomes and increased invasiveness [17]. BRAF mutations,
especially V60OE, are linked to favorable outcomes in low-grade serous tumors [18]. miR-143, known
to target BRAF, has been shown to suppress tumor proliferation and chemoresistance in lung cancer
models [19], suggesting similar potential in SOC.

Our current study focuses on the differential expression of miR-192, miR-30d, hsa-miR-16-5p,
miR-143-3p, and miR-20a-5p and their relationship with the prognostic markers ITGB1, TIMP3, and
BRAF, to better understand the molecular basis of racial disparities in SOC outcomes.

2. Materials and Methods

LLU Patient Cohort Information

This research employed a cross-sectional design in which patient samples (22 FFPE and 13 fresh
tissue samples) were selected from African American and Caucasian patient cohorts with ovarian
cancer. Preliminary studies were done by analyzing archival ovarian tissue samples from both
African American and Caucasian patient cohorts of African American (n=16) and Caucasian (n=19)
women with an average age of 61.7 years, with no other cancer type. The average survival was 55.2
months. The samples were acquired from the Loma Linda University Cancer Center (LLUCC)
Biorepository. This study consists of archival de-identified waste OC tissue samples from African
American (1st generation Africans who have lived in the USA for the last few decades) and Caucasian
patients with ovarian cancer (according to their self-identified ethnic groups), as shown in
Supplementary Table S1.
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RNA Extraction from FFPE Tissue Samples from Two Different Ethnicities

miRNA was extracted from nineteen 10 um-thick FFPE tumor sections using the AllPrep®
DNA/RNA FFPE Kit (QIAGEN, Valencia, CA, USA, Catalog No. 80234) according to the
manufacturer's protocol[20]. RNA quantity and purity were assessed using a NanoDrop
spectrophotometer (NanoDrop Technologies, Waltham, MA, USA). Samples with an OD 260/280
ratio below 1.8 were excluded from further analysis. Total RNA was reverse transcribed using the
Mir-X™ First Strand Synthesis Kit (TaKaRa Bio, Catalog No. 638315) following the manufacturer's
instructions. cDNA was then used for qPCR to quantify the expression of selected miRNAs.

RNA Extraction from Fresh Tissue Samples from Two Different Ethnicities

Using the Qiagen AllPrep® DNA/RNA/Protein Mini Kit (Catalog No. 80004), following the
manufacturer's instructions, RNA, DNA, and protein were extracted from fourteen frozen ovarian
cancer tissue samples (0.03 grams each) with some modifications as described before [20]. Samples
were lysed in Buffer RLT supplemented with $-mercaptoethanol(BME). The lysate was first passed
through an AllPrep® DNA spin column to separate DNA, with the flow-through containing RNA
and protein. This flow-through was then applied to an RNA spin column to isolate RNA. RNA was
eluted in 50 uL of RNase-free water and quantified using a NanoDrop™ One Microvolume UV-Vis
Spectrophotometer. DNA was subsequently eluted from the DNA column using 50 pL of heated
Buffer EB and quantified similarly. Protein was isolated from the remaining flow-through by adding
Buffer APP to precipitate proteins. The resulting protein pellet was stored at -80°C for future use but
was not analyzed further in this study.

Real-Time qPCR

The expression of the miRNA genes analyzed in this study was assessed with Real-Time qPCR,
as optimized previously [20], using cDNA prepared from 35 samples, consisting of 19 paraffin-
embedded SOC samples and 16 fresh tissues of ovarian cancer archival de-identified patient samples.
Using miR-192-5p, miR-30D, hsa-miR-16 -1-5p, miR-143-3p, miR-20a-5p primer sets and the U6 gene
(Clontech, Mountain View, CA, USA) as an internal reaction control (Table 1), the PCR analyses were
performed using the CFX96 Touch Real-Time PCR detection system (Bio-Rad Laboratories, Oslo,
Norway). The reactions were carried out in quadruplicate using the SYBR green Master Mix (Bio-
Rad, Hercules, CA), following the manufacturer’s protocol. The Real-Time data were analyzed with
SAS version 9.4 (SAS Institute Inc., Cary, NC). The normalized expression was calculated using the
ACt (Livak) method35 [21].

Table 1. List of miRNA and U6 control Primers.

miRNA Forward Sequence Reverse Sequence Tempera
ture (°C)
miR-30D 5-TGT AAA CAT CCC | 5-CTC AAC TGG TGT CGT GGA GTC GGC | 65°C
CGACTGGAAG-¥ AAT TCA GTT GAG CTT CCA GTC -3
hsa-miR-16-1-5p 5- ACA CTC CAG CTG | 5-CTC AACTGG TGT CGT GGA GTC GGC | 70°C

GGT AGCAGCACG TAA | AATTCA GTT GAGCGC CAAT-3’

ATA TTG GC -3

miR-192 5- GCG CGC TGA CCT | 5- AGT GCA GGG TCC GAG GTATT -3’ 60°C

ATG AATTG -3
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miR-143-3p 5- TGA GAT GAA GCA | 5- AGT GCA GGG TCC GAG GTATT -3’ 60°C
CTGTAGCTCA -3
miR-20a-5p 5- GCG CGC TGA CCT | AGT GCA GGG TCC GAG GTATT -3’ 500C
ATG AATTG -3
U6 control 5'- 5-TGGAACGCTTCACGAATTTGCG-3' 60°C
GGAACGATACAGAGA
AGATTAGC-3'

Statistical Analysis

The primary analysis of miRNA (miR-192-5p, miR-30D, hsa-miR-16 -1-5p, miR-143-3p, miR-20a-
5p) gene differential expression and correlated survival analysis in Caucasian versus African
American ovarian cancer samples in TCGA was performed using the UALCAN online database
platform [22]. Predicted prognostic markers associated with the selected miRNAs were identified
using the Human Protein Atlas (www.proteinatlas.org) embedded in the UALCAN database. The
association between predicted prognostic markers and target miRNAs was performed using
miRTargetLink 2.0 [23] and Enrichr (www. maayanlab.cloud/Enrichr) [24] Online platforms to
establish interactive miRNA target gene and target pathway networks.

Changes in Cycle Threshold (ACt) values obtained from RTqPCR were analyzed for relative
expression using Microsoft Excel. Further statistical analyses were conducted using SAS 9.4 (SAS
Institute Inc., Cary, NC) and R (version 4.42). We performed linear regression analyses to assess the
associations between the relative expression levels of miR-192-5p, miR-30D, hsa-miR-16 -1-5p, miR-
143-3p, miR-20a-5p, and key independent variables, including Ethnicity, Stage at Diagnosis, Age at
Diagnosis, Overall Survival (OS_ Months), and OS_ Status (Supplementary Table S1). The normality
of continuous quantitative variables was tested using the Shapiro-Wilk test, and statistical
significance was defined as a p-value of less than 0.05. A Wilcoxon test was used to assess survival
differences between ethnic groups. The association between two categorical variables was assessed
using Fisher’s exact test.

3. Results

3.1. Qualitative and Quantitative Clinical and Pathological Characterization of the Patients in the LLU
Cohort

All patients in the LLU cohort were diagnosed with high-grade serous ovarian cancer
(Supplementary Table S1). Of these, 8 patients were diagnosed with stage I, 4 with stage II, 19 with
stage III, and 4 with stage IV. All patients underwent debulking surgery (optimal cytoreduction)
followed by chemotherapy with carboplatin/paclitaxel. Analysis of overall survival between the
African American and Caucasian groups did not show a statistical difference, as shown in the Kaplan-
Meier curve in the Supplementary Figure S3.

3.2. Differential Expression of miR-192, miR-30D, hsa-miR-16-5p, miR-143-3p, and miR-20a-5p in LLU vs.
TCGA Ouwarian Cancer Cohorts

To establish whether the targeted miR-192, miR-30D, hsa-miR-16 -1-5p, miR-143-3p, and miR-
20a-5p were expressed differentially in the two ethnic groups constituting the LLU cohort, we
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performed real-time qPCR and assessed their fold expression compared to the control gene, U6. We
validated our results by observing similar trends in the fold expression of miR-192-5p, miR-30D, hsa-
miR-16 -1-5p, miR-143-3p, and miR-20a-5p in a large TCGA sample (n=444), as shown in Figures 1
(ab, c,d),2(a, b, c,d), 3 (a b, c, d), and Supplementary Figures S1 and S2.
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Figure 1. a-b: Expression of miR192 in the LLU cohort based on differences in ACt values, c-d: TCGA cohort
expression in OV based on patients' race and overall survival.
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Figure 2. a-b Expression of hsa- miR-143-3p in LLU cohort based on differences in ACt values, c-d: TCGA cohort

expression in OV based on patients' race and overall survival.
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Figure 3. a-b: Expression of miR-30d in LLU cohort based on differences in ACt values, c-d: TCGA cohort
expression in OV based on patients' race and overall survival.

3.3. Differential Expression of Predicted Prognostic Markers in Ovarian Cancer Tissues from the TCGA
Cohort

TCGA data showed evidence of differential expression of predicted prognostic markers TIMP3,
BRAF, and ITGB1 based on patient’s race across ovarian cancer tumors, as shown in Figure 4 (a-c).

a(i) = a(ii)

Tansptper il
ot TP}

K

TSI I ST I IS EEF O E R I PP I F ST ITETS IS IS

Exprazsion of BRAF across TOGA tumors

bi(i)

Tramcptparmton
og2 (TPH)

Figure 4. a-c: Expression patterns of predicted target markers TIMP3, BRAF, and ITGB1.

3.4. miRNAs linked to predicted prognostic genes:

We have found that miR192, miR-143-3p, and miR-20a were related to three critical prognostic
genes: ITGB1, BRAF, and TIMP3, respectively (Figure 5a-d).
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Figure 5.a) miR-192, hsa-miR-16 -5p, miR-143-3p, and miR-20a-5p are linked to ITGB1, b) miR-143-3p/miR-145-
5p is linked to BRAF, c) hsa-miR-16 -5p and miR30c/d are linked to TIMP3 prognostic markers d) Linking all
miRNAs with target genes.

3.5. Enrichment Pathway Analysis of miRNAs Linked to Prognostic Markers

Using the Enrichr online program (Enrichr), we generated a cluster gram out of the 81 genes
from miRNA enrichment analysis, showing the top 10 most significant genes and pathways, as
shown in the cluster gram in Figure 6 and Table 2.
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Figure 6. Top 10 most significantly correlated genes and enriched pathways shown in a cluster gram,
highlighting ITGB1, TIMP3 and BRAF.
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Table 2. Top 10 significant p-values and g-values for KEGG 2021 Human analysis.

Table of top 10 significant p-values and g-values for KEGG 2021 Human

term  p-value  g-value overlap_genes

Proteoglycans in cancer 0001469 0.125586 [ITGBY, PPP1R12A, TIMP3, BRAF, PIK3R2]

Cellcycle 0001620 0.125586 [ORC4, TFDP1, RAD2L, CDC7)

Non-small cell lung cancer  0.003122 (0.161288 [KIF5B, PIK3RZ, BRAF]
Biosynthesis of unsaturated fatty acids  0.005325 0.206338 [ELOVL5, SCO)
Focal adhesion 0.009022 0.268648 (ITGBY1, PPP1R12A, BRAF, PIK3R2)

Regulation of actin cytoskeleton 0.011887 0.268648 [TGBY1, PPP1R12A, BRAF, PIK3R2)
AMPK signaling pathway  0.012799 0.268648 [RAB10, SCD, PIK3R2]

Platelet activation 0.013972 0.268648 [ITGBY, PPP1R12A, PIK3R2]

Herpes simplex virus 1 infection  0.015599 0268648 [ZNF320, ZNF460, ZNF85, PIK3R2, ZNF226, ZNF200)

Insulin signaling pathway 0.018196 0.275793 [PRKAR1LA, BRAF, PIK3R2)

p-values, and q-values of significant terms in the selected library. The q-value is an adjusted p-value calculated using

the Benjamini-Hochberg method for correction for multiple hypotheses testing.

4. Discussion

Ovarian cancer (OC) remains a highly lethal disease due to the absence of early symptoms and
the frequent development of recurrence and chemoresistance. As a result, identifying reliable
biomarkers for early diagnosis and predicting therapeutic response is critical to improving patient
outcomes [25]. While BRCA1/2 mutation testing is a current standard for families with a strong
history of OC, and may reduce mortality by up to 10% [6], only a small proportion of patients carry
these mutations. This underscores the need for additional prognostic markers, particularly those
linked to chemoresistance [26].

In our study, we identified three promising prognostic markers—ITGB1, TIMP3, and BRAF—
using data from the Human Protein Atlas (www.proteinatlas.org). miRNAs targeting these genes
were predicted using TargetScanHuman 8.0 and prioritized with miRTargetLink 2.0, highlighting
hsa-miR-192-5p, hsa-miR-143-3p, and miR-30d as key candidates (see Supplementary Table S2). The
identified gene set (n=81) was analyzed using Enrichr, revealing that “proteoglycans in cancer” and
“cell cycle” pathways were among the most enriched. Notably, ITGB1, TIMP3, and BRAF showed
strong interactions with hsa-miR-143-3p, while hsa-miR-192-5p and miR-30d were broadly connected
to genes associated with these prognostic markers.

Among these, hsa-miR-143-3p was found to be downregulated in our samples, although not
significantly (p=0.258). This miRNA is typically downregulated in many malignancies and influences
tumor progression by regulating targets such as ITGB1, which has been shown to promote invasion
and metastasis [27,28]. In serous ovarian cancer (SOC), targeting ITGB1 with hsa-miR-143-3p may
reduce tumor aggressiveness and improve therapeutic outcomes. miRTargetLink2.0 also identified
hsa-miR-124-3p as a potential regulator of ITGB1, previously studied in pancreatic cancer [29].
Overexpression of ITGB1 is associated with chemoresistance and poor outcomes in high-grade serous
ovarian cancer (HGSOC) [25,30,31].

Similarly, miR-30d was downregulated in our cohort (p=0.5169), and has been implicated in the
regulation of TIMP3, a tumor suppressor involved in apoptosis, anti-angiogenesis, and ECM
remodeling [32,33]. Reduced TIMP3 expression often due to promoter methylation or miRNA
suppression is linked to poor prognosis in several cancers, including ovarian [34-37]. In this context,
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miR-30d-mediated suppression of TIMP3 could enhance tumor invasiveness and resistance to
therapy.

We also examined the prognostic relevance of BRAF, which is associated with favorable
outcomes in certain ovarian cancer subtypes, such as serous borderline tumors and low-grade serous
carcinomas. [38]. Research in lung cancer shows that hsa-miR-143-3p can directly target BRAF,
inhibiting cell proliferation and reducing chemoresistance [38], suggesting a broader applicability
across cancer types.

Across our LLU and TCGA cohorts, we observed that miR-192, miR-30d, hsa-miR-16-1-5p, miR-
143-3p, and miR-20a-5p were differentially expressed between African American and Caucasian
patients. Although these differences were not statistically significant, their dysregulation in the
context of specific prognostic markers supports their relevance in exploring racial disparities in
ovarian cancer outcomes. In future analyses, we will perform miRNA sequencing to validate the
expression patterns of these miRNAs.

Emerging evidence suggests that miR-192-5p, for example, can suppress cell proliferation,
migration, invasion, and epithelial-mesenchymal transition (EMT), while promoting apoptosis in
some cancers [39]. Understanding how miRNA alterations—whether driven by mutations,
polymorphisms, or epigenetic modifications—differ across racial groups could shed light on
mechanisms underlying ovarian cancer disparities and identify novel therapeutic targets.

Overall, our findings underscore the critical role of miRNAs in modulating oncogenes and
tumor suppressor genes. These molecular interactions influence disease progression,
chemoresistance, and patient survival, and highlight miRNAs as valuable tools for prognosis and
targeted therapy development in ovarian cancer.

Future direction:

Small sample sizes of minority women in individual studies limit the statistical power to fully
evaluate the impact of environmental, genetic, and clinical factors on ovarian cancer risk and survival
within these populations. Therefore, in future studies, we aim to validate our findings by analyzing
a larger cohort of samples from individuals of African ancestry. We plan to increase the sample size
and comprehensively assay all miRNAs associated with the ITGB1, TIMP3, and BRAF genes. Our
long-term objective is to investigate the therapeutic potential of miRNA mimics and inhibitors in
ovarian cancer, using both in vitro and in vivo models, to develop targeted treatments for aggressive
tumor subtypes.

5. Conclusions

In conclusion, our study identifies ITGB1, TIMP3, and BRAF, along with their associated
miRNAs, as promising prognostic markers and potential therapeutic targets in ovarian cancer.
Through integrated bioinformatic analyses, we demonstrate that dysregulation of hsa-miR-143-3p,
miR-30d, and miR-192-5p may contribute to chemoresistance and tumor progression, particularly in
high-grade serous ovarian cancer. Although our current findings are limited by small sample sizes,
especially among minority populations, they highlight the importance of miRNA-mediated
regulation in ovarian cancer biology and suggest new avenues for addressing racial disparities.
Future efforts will focus on validating these results in larger, more diverse cohorts and exploring the
therapeutic potential of miRNA-based interventions to improve outcomes for patients with
aggressive disease.
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