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Uterine microbiome base were assessed for comparison.

Endometrial cancer Results. 95 early stage ECs were evaluated: 23 Black (24%) and 72 White (76%). Microbial diversity was in-
Race disparities creased (p < 0.001), and Firmicutes, Cyanobacteria and OD1 phyla abundance was higher in tumors from Black

versus White women (p < 0.001). Genus level abundance of Dietzia and Geobacillus were found to be lower in
tumors of obese Black versus obese White women (p < 0.001). Analysis of early stage ECs in TCGA found that mi-
crobial diversity was higher in ECs from Black versus White women (p < 0.05). When comparing ECs from obese
Black versus obese White women, 5 bacteria distributions were distinct, with higher abundance of Lactobacillus
acidophilus in ECs from Black women being the most striking difference. Similarly in TCGA, Dietzia and Geobacillus
were more common in ECs from White women compared to Black.
Conclusion. Increased microbial diversity and the distinct microbial profiles between ECs of obese Black versus
obese White women suggests that intra-tumoral bacteria may contribute to EC disparities and pathogenesis.
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1. Introduction

Endometrial cancer (EC) is the most common cancer of the female
reproductive tract and the fourth most common cancer among
women in the United States. In 2021, approximately 66,570 new cases
of EC will be diagnosed, and approximately 12,940 women will suc-
cumb to this disease [1]. Obesity, diabetes and insulin resistance are fac-
tors associated with increased mortality for this disease [2]. Obese
women with EC have a 6.25-fold increased risk of death compared to
their non-obese counterparts [2].

Black women suffer an overall 55% higher mortality from EC than
White women [3]. It has been suggested that this differential is due to
disparate access to equitable care and delayed treatment, a higher like-
lihood of cancer with more adverse prognostic characteristics, and other
yet to be discovered risk factors. Potential biologic causes for this dispar-
ity in Black women with EC include the following: higher risk of more
lethal tumor histologies (serous tumors) and genomic subtypes (TP53
mutations or copy number high [CNH]), and higher rates of obesity
and diabetes. In our multi-institutional analysis of 1400 EC patients
treated over 5 years (2005-2010), 75% of Black women were obese
(BMI > 30) compared to 58% of White women (p < 0.0001). Black
women with EC had a higher median BMI than White women with EC
(p < 0.001) and were twice as likely to have diabetes (p < 0.001) [4].
It is unknown how obesity and diabetes impact differences in the un-
derlying biology of EC between Black and White women, and possibly
contribute to disparate outcomes by race. However, we hypothesize
that another biological factor driving this racial disparity could be the
EC microbiome.

The microbiome is thought to play a complex role in human health
and disease, including obesity and cancer [5-7]. Microbe-driven cancers
have been described such as Helicobacter pylori in gastric cancer and
human papillomavirus in cervical, anal, and head and neck cancers
[8-10]. Microbial organisms shape the tumor microenvironment by
modulating many of the hallmarks of cancer such as resisting cell
death, avoiding immune destruction, activating invasion and metastasis
[6,11]. Less is known about interactions between the molecular alter-
ations found in cancers with neighboring microbial communities. Corre-
lations have been described between molecular subtypes and distinct
bacterial species in colon cancer [12], suggesting that an inter-
relationship may exist between cancer genomics and the microbiome,
although the cause and effect of these entities is unclear.

In humans and mice, Bacteroidetes and Firmicutes bacteria predomi-
nate in the gut (>90%), and obesity is associated with a dramatic change
in their relative ratio: obesity generally leads to a decrease in
Bacteroidetes and increase in Firmicutes species [13], although this result
has not been consistently observed across all studies. This change in the
gut microbial pattern corresponds with a potential greater ability to
harvest dietary energy, which would be conducive to cancer develop-
ment [13]. Furthermore, increased systemic inflammation, considered
a hallmark of the obese state, is consistently associated with reduced
health-promoting gut bacterial diversity and richness, or dysbiosis
[13]. Bacteria associated with gut dysbiosis - such as pathogenic E. Coli
- directly promote the development of colorectal cancer in mouse
models [14]. Additionally, gut dysbiosis associated with obesity can
also lead to increased estrogen deconjugation and other effects that pro-
mote carcinogenesis [5]. It is, therefore, reasonable to hypothesize that
perturbations of the microbiome likely play a role in the pathogenesis
of obesity-driven cancers, such as EC.

The uterine microbiota has been more difficult to study due to the
lower abundance of bacteria as compared to the gut and vagina; how-
ever, Firmicutes, Bacteriodetes, Proteobacteria and Actinobacteria are the
most abundant phyla in the uterus across studies [15]. Specific uterine
microbiota have been linked to endometriosis, rates of in vitro fertiliza-
tion success and poor reproductive outcomes [15]. In addition, microbi-
ota profiling of swabs from the genital tract (vagina, cervix, fallopian
tubes, and ovaries) in women undergoing hysterectomy for benign
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disease, endometrial hyperplasia and EC demonstrate a structural mi-
crobiota shift in the endometrial hyperplasia and EC cases, distinguish-
able from the benign cases [16]. In particular, Atopobium vaginae, a
Porphyromonas sp. and a high vaginal pH in the genital tract associated
with EC, although the uterine microbiome was not specifically profiled
in this study [16]. Importantly, racial differences in the vaginal
microbiome variability have been demonstrated, possibly contributing
to increased susceptibility of Black women to bacterial vaginosis and
sexually transmitted infections [17]. Given this, it is feasible that the in-
terconnection between the microbiota and race may account, in part, for
the EC disparities seen in Black women.

There is a significant gap in our knowledge characterizing the micro-
biota of the malignant uterus in Black and White women and its impact
on the pathogenesis of EC. Therefore, the primary objective of our study
was to evaluate the microbiota of early stage ECs and assess for varia-
tions by race as well as obesity status. We hypothesize that the EC
microbiome may differ in tumors between Black and White women
and contribute to racial disparities.

2. Methods

Patient Characteristics: The School of Medicine Institutional Re-
view Board at the University of North Carolina Chapel Hill (UNC-CH) ap-
proved this retrospective chart review. For our UNC-CH cohort of
patients, we identified and reviewed tumor specimens from EC patients
who underwent hysterectomy (prior to receipt of either radiation or
chemotherapy) from 2012 to 2019 and had tissue banked via the Tissue
Procurement Core Facility at the Lineberger Comprehensive Cancer
Center. Sample size and power was calculated using the PS software.
In an initial pilot study, we observed differences in the EC microbiota
profiles in 21 subjects according to race. From these initial preliminary
findings, we determined that we would have >80% power to identify
discriminating genus level taxa between the different groups with a
sample size of 100 patients. The inclusion criteria for women with EC in-
cluded obese and non-obese, postmenopausal, Black and White women
with stage | endometrioid EC undergoing hysterectomy at UNC-CH. We
restricted the cohort to endometrioid histology because it is the most
common histology, comprising 80% of ECs. We identified 95 women in
the EC group (23 Black, 72 White). We also included 16 women who un-
derwent hysterectomy for benign indications for comparison (2 Black,
13 White, 1 Other race). Women were excluded if they were taking an-
tibiotics or had taken antibiotics during the 3 months prior to their hys-
terectomy. We also analyzed data from 126 EC patients with available
tumor microbial data in the publicly available Cancer Genome Atlas
dataset (TCGA) with similar inclusion criteria (11 Black, 115 White).

DNA Extraction: We characterized the EC microbiota (N = 95) and
benign endometrium microbiota (N = 16) by 16S rRNA high through-
put sequencing. Genomic DNA was extracted from tissue samples of
the uterus or tumor using a modified protocol of the Qiagen DNeasy
Blood and Tissue Kit (Qiagen, Germantown, MD). Briefly, tissue samples
were incubated in lysozyme (20 mg/ml) and kit buffer ATL for 30 min at
37 °C, followed by the addition of proteinase K and incubation at 56 °C
overnight. Samples were further processed by bead-beating in tubes
containing 0.5 mm stainless steel beads (Bullet Blender, Next Advance,
Averill Park, NY) for 4 min. The supernatant from each sample was com-
bined with buffer AL and 100% ethanol, and the manufacturer's protocol
was followed for the remainder of the extraction.

Library Preparation and Sequencing: For amplicon library prepara-
tion, we amplified the V1-V3 region of the bacterial 16S rRNA using a
universal reverse primer and a unique forward primer for each sample.
Amplification was performed using fusion primers comprising lon Tor-
rent adapter 5’- CCATCTCATCCCTGCGTGTCTCCGACTCAG -3’ for the for-
ward primer and 5’- CCTCTCTATGGGCAGTCGGTGAT -3’ for the reverse
primer, and universal bacterial primer 8F 5'-AGAGTTTGATCCTGGC
TCAG-3’ and 338R 5°-GCTGCCTCCCGTAGGAGT-3'. The forward primer
also includes a 10 bp lonXpress ™ barcode, unique to each sample. For
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PCR, two replicates were prepared for each sample, each containing 5x
MyTaq Reaction Buffer (Bioline, Taunton, MA), 0.375 uM each of unique
forward primer and universal reverse primer, MyTaq HS DNA Polymer-
ase (Bioline, Taunton, MA), and 30 ng of DNA template. PCR was per-
formed with an initial denaturation at 94 °C for 5 min, followed by 35
cycles of denaturation at 94 °C for 45 s, annealing at 55 °C for 45 s, and
extension at 72 °C for 90 s, followed by a final 10 min extension at 72 °C.

PCR product visualization and clean-up was performed on 2% E-Gel
Size Select (Life Technologies). To confirm proper band size, each
cleaned PCR product was quantified using the Agilent 2100 Bioanalyzer
and Quant-iT PicoGreen dsDNA Kit (Invitrogen, Waltham, MA) follow-
ing the manufacturer's protocol. Samples were pooled in equimolar ra-
tios to make a library for sequencing on Ion Torrent NGS system. The
pooled library was quantified using the Bioanalyzer and Picogreen As-
says. For quality control, appropriate negative and positive controls
were included in the DNA extraction, PCR, and sequencing steps.

Bacterial enzymes and pathways: Bacterial enzymes and pathways
were assessed using PICRUSt2 [18].

Bioinformatics and Data Analysis: The bacterial 16S rRNA se-
quences were filtered to remove low quality reads and processed
through QIIME 2 [19]. An average of 69,625 reads per sample was ob-
tained after quality filtering. Sequences were assigned to operational
taxonomic units (OTUs) using the Greengenes database [20]. Multivar-
iate analyses and bacterial diversity metrics were conducted in Qiime 2
and PRIMER VII software (PRIMER-E, Plymouth Marine Laboratory).
Bray Curtis similarity matrixes were used for nMDS and cluster analysis.
Discriminating taxa between the groups were identified with Metastats
[21], MicrobiomeAnalyst [22], and p-values were corrected for multiple
hypothesis testing (p < 0.05) [23].

TCGA cohort: The microbial component of early stage (stage 1 and
2) endometrioid ECs in the TCGA database was assessed by filtering
out human reads to identify phylum and genus level bacterial abun-
dance using the methodology from similar studies in other cancers
[24,25]. Given the sparsity of the RNA sequencing data, multiple
methods of assessing differential abundance were considered. In addi-
tion to analysis of composition of microbiomes (ANCOM) [26], analysis
of composition of microbiomes with bias correction (ANCOM-BC) [27],
which includes the prediction of structural zeros defined in ANCOM-II
[28], were considered.

3. Results

The median age for Black and White women in the EC cohort was 66
and 64 years old, respectively. The median BMI was 36 for Black women
and 35 for White women. Tumor grades were similarly distributed be-
tween Black and White women with 43% of tumors of Black women
being grade 1 compared to 37% of tumors of White women, and 30%
of tumors of Black women were grade 3 compared to 29% of tumors of
White women (Table 1). Notably, for this cohort, endometrial tumors
were found for only two non-obese Black women (i.e., the majority of
tumors were from obese Black women); therefore, the subsequent
race comparisons were restricted to only obese Black women (N =
22) versus obese White women (N = 45).

Sixteen benign hysterectomy specimens were also assessed: 2 spec-
imens were from Black women (13%), 13 from White women (81%) and
1 from an “other race” woman (6%). The median age of women in this
cohort was 46 years old, and the median BMI was 30. Microbial diversity
was greater when comparing the malignant to the benign uterus (p <
0.001). Furthermore, genus level abundance of Acidorovax,
Bradyrhizobiu, Flavobacterium. Hyphomicrobium, Pelomonas, and Pseudo-
monas were increased in the ECs as compared to the benign uterus (p <
0.05, Fig. 1).

There were no statistically significant differences found at the phy-
lum or genus level by obesity status when looking at the entire cohort
of tumors from White and Black women combined. The tumors of
White women in our cohort were then analyzed by obesity status. At
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Table 1
Descriptive characteristics of endometrial cancer patients with microbiota profiling in the
UNC-CH institutional database. (BMI = body mass index).

N (%)
Black White
23 (24) 73 (76)
Median Age (years) 66 64
Median BMI 36.3 35
Tumor grade
1 10 (43) 27 (37)
2 6 (26) 25 (34)
3 7 (30) 21 (29)

the phylum-level, Firmicutes was in greater abundance in the endome-
trial tumors of non-obese versus obese White women whereas OD1
was in higher abundance in obese versus non-obese White women
(Fig. 2). Additionally, microbial diversity was increased in the ECs of
obese versus non-obese White women (p < 0.001).

We subsequently compared the microbial profiles of the ECs from
obese patients by race. Firmicutes, Cyanobacteria and OD1 phyla abun-
dance was significantly higher in the tumors from Black versus White
women (p < 0.05) (Fig. 3A). Additionally, microbial diversity was in-
creased in the ECs of Black versus White women (p < 0.001). The
genus-level taxa displayed in Fig. 3B were limited to those that contrib-
uted at least 0.1% to the total bacterial count. For clarity of visual display,
we chose to display the top 26 genera. The genus-level abundance of
Deitzia and Geobacillus were found to be lower in tumor of obese
white versus black women. Although at a lower significance,
Bradyrhizobium and Pelomonas were found to be higher in tumors of
obese Black versus obese White women (p < 0.05).

We used PICRUSt2 to assess inferred functional potential from our
16S rRNA gene amplicon profiles between endometrial tumors from
obese Black versus obese White women (Fig. 4). The enzymes,
Xanthomonalisin and peptide-aspartate beta-dioxygenase, were both
significantly increased in ECs from obese Black compared to obese
White women (p < 0.05). In addition, several metabolic pathways
were also differentially expressed according to race, including a high
abundance of genes in endometrial tumors from Black women related
to vitamin E synthesis, mevalonate pathway II, vitamin B6 degradation,
coenzyme B biosynthesis, and 4-coumarate degradation (p < 0.05).

To confirm our microbiome findings in an independent dataset, we
assessed the microbial component of early stage endometrioid ECs in
the TCGA database, using the RNA sequencing for microbiome
metatranscriptomics, early stage (stage 1 and 2) ECs from 11 Black
and 115 White women from the TCGA cohort were included in our anal-
ysis. Similar to the UNC-CH data, increased microbial diversity was also
found when comparing the ECs of Black versus White women (Fig. 5).
When comparing early stage ECs of obese Black and White women,
two species of Lactobacillus were identified as significant by ANCOM
and as present only in Black women by ANCOM-BC: Lactobacillus aci-
dophilus and L. amylophylus. Both species were identified as structural
zeros in White women by ANCOM-BC. Four additional species were
identified by ANCOM as potentially significant by ANCOM: Phycisphaera
mikurensis, Thioploca ingrica, Franciscella tularensis, and Alteromonas
mediterranea (Fig. 5). The most striking difference was the higher abun-
dance of L. acidophilus in tumors from Black women. Additionally, sev-
eral other species of Lactobacillus were identified by ANCOM-BC as
present in White women but structurally absent in Black women:
actobacillus crispatus, Lactobacillus salivarius, Lactobacillus plantarum,
Lactobacillus jensenii, Lactobacillus fermentum, and Lactobacillus curvatus.
The species Lactobacillus delbrueckii was identified by ANCOM-BC as
present in both Black and White women, but more abundant in Black
women; however, the statistical significance after multiple testing cor-
rection was relatively low (p = 0.0088; q = 0.7063). Consistent with
the 16S analysis from the UNC-CH samples, the abundance of Dietzia
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m Actinobacteria
m Bacteroidetes

Cyanobacteria

% Abundance

m Firmicutes

% Abundance
Obese White Non-Obese White
(N=38) (N=26) P-values FDR

Actinobacteria 72.72 64.76 0.890 0.970
Bacteroidetes 2.28 3.96 0.369 0.553
Cyanobacteria 0.28 0.34 0.109 0.218
Firmicutes 0.57 2.69 0.014 0.043

oD1 2.57 2.26 0.006 0.035
Proteobacteria 21.59 26.00 0.970 0.970

mOoD1

M Proteobacteria

20%

10%

100%
90%
80%
70%
60%
50%
40%
30% —

0%

Obese White Non-Obese White

Fig. 2. Phylum-level microbiota abundance (%) in endometrial cancer tumors of White women by obesity status. (Blue = p and FDR < 0.05).

oral taxon 368 (p < 0.7739; q < 0.9054) and Geobacillus
thermodenitrificans (p < 0.7268; q < 0.9037) were found to be associ-
ated with tumors of White versus Black women, although at a lower sig-
nificance than the five bacteria noted above.

4. Discussion

The findings of this study contribute to published literature that
intra-tumoral bacteria exist in the malignant uterus [15,29]. Bacteria
from the Actinobacteria, Bacteroidetes, Firmicutes, ODI1 and
Proteobacteria phyla were identified in both the benign and malignant
uterine tissue specimens, similar to what has previously been shown
in other studies assessing the microbial profile of the uterus [15]. We de-
tected greater microbial diversity in ECs when compared to the benign
uterus as well as a higher abundance of several microbes in the malig-
nant uterus at the genus level. Significant differences based on obesity
status were seen at the phylum level when the tumors of White
women were examined. Additionally, increased microbial diversity
was noted in the ECs in obese compared to non-obese White women.

To our knowledge, this is the first study to describe the microbial
composition of ECs, with a direct assessment of differences based on
race. Microbial diversity was higher in the ECs from Black versus
White women as seen in both our UNC-CH dataset and TCGA. It should
be noted that high microbial diversity has generally been associated
with poorer reproductive tract health [29,30]. This is opposite to what
is seen in the gut where increased microbial diversity is a sign of a
healthy gut microbiome, and obesity and diabetes decrease gut micro-
bial diversity. There were distinct microbiota profiles found between
ECs of obese Black versus obese White women with Firmicutes and
Cyanobacteria and OD1 phyla being more abundant among the tumors
from Black patients. Deitzia and Geobacillus genera were less prominent
in tumors from Black women in both our UNC-CH dataset and TCGA.
The potential role of the Deitzia and Geobacillus genera in cancer has
largely been unexplored, although Geobacillus has been previously
linked to bladder cancers [31] and its metabolites have been shown to
regulate p53 function as well as apoptosis and metastasis [32].

In addition, two enzymes, Xanthomonalisin and peptide-aspartate
beta-dioxygenase, and several metabolic pathways including vitamin
E synthesis, mevalonate pathway II, vitamin B6 degradation, coenzyme

B biosynthesis, and 4-coumarate degradation were differentially
expressed according to race. The human ortholog of the bacterial enzyme
peptide-aspartate beta-dioxygenase, aspartate beta-hydroxylase
(ASPH), can stimulate tumor growth via its effects on angiogenesis and
immunosuppression and is over-expressed in a variety cancers [33]. Fur-
thermore, ASPH expression is upregulated via signaling through multiple
pathways central to EC pathogenesis, including the insulin/insulin-like
growth factor-1 and PI3K/Akt/mTOR pathways [33]. Small molecule in-
hibitors to ASPH are in development as cancer therapies [33]. Whether
the bacterial version of ASPH would have similar effects as its human
counterpart in the tumor microenvironment is unknown. However, bac-
terial enzymes in the human gut can impact chemotherapeutic toxicity
and efficacy. For example, bacterial B-glucuronidase (GUS) can reacti-
vate irinotecan through glucoronidation leading to dose-limiting GI tox-
icity that can be reversed by GUS inhibitors [34].

The mevalonate pathway is an essential metabolic pathway that be-
gins with acetyl-CoA and utilizes HMG-CoA reductase to produce
isoprenoids and cholesterol and is associated with stabilization of mu-
tant TP53 and promotion of tumor growth [35]. This pathway can be
inhibited by lipid lowering drugs such as statins via inhibition of
HMG-CoA reductase, and statin use has been associated with improved
survival in EC [36]. Additionally, tocotrienol, a member of the vitamin E
family, acts as an inhibitor of HMG-CoA reductase [37]. Coenzyme B is
an important cofactor present in archaea methanogens and is required
for methane production [38]. Methanogen's role in the gut microbiome
has garnered significant interest recently via its association with several
metabolic diseases, including obesity [39]. For example, methanogens
are capable of interacting with bacteria that enhance production of
short-chain fatty acids, which in turn provide a considerable caloric
load to its host. p-Coumaric acid is widely distributed in plants, vegeta-
bles, fruits, and cereals and, along with its conjugates, has displayed im-
munomodulatory and anti-inflammatory properties [40,41]. Vitamin
B6, has also been shown to have anti-inflammatory properties and has
the potential to modulate the host immune system and bacterial viru-
lence [42,43]. These pathways and their inter-relationship within the
uterine microbiome are worthy of further exploration as potential tar-
gets in the prevention and treatment of EC.

Notably, there was a prominent difference in the abundance of
L. acidophilus in the tumors from Black women in the TCGA cohort.
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% Abundance

Obese Black Obese White

(N=19) (N=62) P-values FDR

Actinobacteria 33.36 69.94 0.624 0.749

Bacteroidetes 22.38 3.09 0.163 0.244

Cyanobacteria 1.90 0.32 0.017 0.033

Firmicutes 8.92 0.44 0.000 0.001

oD1 14.78 3.00 0.002 0.005

Proteobacteria 18.66 23.20 0.827 0.827

% Abundance
Obese Black Obese White

(N=19) (N=62) P-values FDR
Acidovorax 3.22 3.82 0.670 0.804
Acinetobacter 0.04 1.83 0.093 0.219
Brachybacterium 9.67 8.99 0.126 0.252
Bradyrhizobium 0.02 0.35 0.010 0.062
Brevibacterium 12.18 61.36 0.041 0.155
Brevundimonas 0.08 4.72 0.153 0.264
Candidatus Rhodoluna 6.53 0.01 0.895 0.916
Corynebacterium 0.04 0.03 0.916 0.916
Delftia 4.30 2.74 0.091 0.219
Dietzia 0.78 6.59 0.001 0.008
Flavobacterium 41.30 2.19 0.546 0.747
Geobacillus 0.03 0.06 0.00002 0.001
Hyphomicrobium 0.00 0.57 0.151 0.264
Methylobacterium 0.36 0.24 0.067 0.193
Paenibacillus 2.24 0.00 0.033 0.155
Pelomonas 3.24 121 0.009 0.062
Prevotella 3.25 0.16 0.899 0.916
Propionibacterium 4.43 0.04 0.188 0.306
Pseudomonas 0.25 3.26 0.107 0.231
Ralstonia 1.20 0.27 0.530 0.747
Rhodobacter 0.00 0.34 0.042 0.155
Sediminibacterium 0.02 0.11 0.588 0.764
Staphylococcus 0.05 0.03 0.049 0.159
Stenotrophomonas 2.14 0.87 0.756 0.855
Streptococcus 3.74 0.15 0.453 0.692
Tepidimonas 0.90 0.07 0.680 0.804

Fig. 3. Phylum- (A) and genus-level (B) microbiota distribution (%) in endometrial tumors of obese endometrial cancer patients by race. (Blue = p and FDR < 0.05; Green = p < 0.05 and

FDR < 0.10).

Lactobacillus species have long been associated as the key contributor in
maintaining a low pH of the vaginal environment through the produc-
tion of lactic acid [44]. Depletion of Lactobacillus species in the vagina
has classically been associated with an opportunistic multispecies colo-
nization resulting in bacterial vaginosis [30]. In a large study using 16S
rRNA sequencing to characterize vaginal bacterial communities of a di-
verse ethnic population of nearly 400 asymptomatic North American
women [45], five community types of vaginal microbiota were identi-
fied; four of these five community types were dominated by Lactobacil-
lus species. Interestingly, a difference was seen in the distribution of
Lactobacillus community types in those with differing racial and ethnic
backgrounds. White and Asian women were more likely than Hispanic
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and Black women to have Lactobacillus dominant vaginal communities,
and Hispanic and Black women were also more likely to have a higher
average vaginal pH when compared to White and Asian women [45].
Although the uterine microbial composition differs from that of the va-
gina, a non-Lactobacillus-dominant (<90% Lactobacillus species) micro-
biota still appears to render adverse health outcomes [46]. It has been
suggested that a non-Lactobacillus-dominant endometrial microbiota
may be related to endometriosis and its characteristic endometrial in-
flammation [47]. Given these previous associations, we would have ex-
pected L. acidophilus to be lower as opposed to higher in the ECs of Black
versus White women. However, we found the opposite in that
L. acidophilus was higher in the ECs of Black women, suggesting that
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the inter-relationship of the Lactobacillus community on uterine health
and disparities is more complex.

In a study by Walsh et al, microbiome samples were prospectively
collected in a sterile fashion from the lower (i.e. vagina and cervix)
and upper (i.e. uterus and ovaries/fallopian tubes) reproductive tract
of women undergoing hysterectomy for either EC or a benign uterine
condition, including 75 women without EC and 66 with EC. For
women without EC, postmenopausal status was associated with
increased a- and 3-microbial diversity in the lower reproductive tract
and increased a-microbial diversity in the uterus, and BMI was associ-
ated with increased microbial a-diversity in the lower tract [29].
Relative to women without EC, those with EC had greater microbial
B-diversity of the lower tract, with 17 taxa significantly associated
with EC [29]. Porphyromonas somerae was the most significantly
enriched species in women with EC [29]. Differences in the microbiota
of the uterus between women with and without EC did not reach statis-
tical significance (p = 0.07), likely due to the small sample size of uter-
ine samples (18 benign and 16 ECs). The majority of the uterine
sampling for this study was uterine swabs as opposed to our study
which profiled the microbiota of the endometrial tumors. Thus, post-
menopausal state, obesity, high vaginal pH and EC all increased micro-
bial diversity in the reproductive tract, further supporting our findings
of increased microbial diversity being associated with EC and obesity
in our analysis. It should be noted that impact of race on the microbiota
of the reproductive tract was not assessed, as no Black EC patients were
included in this study.

There are several limitations to our study. This is a retrospective
study utilizing banked tumor specimens in both the UNC-CH samples
and TCGA, which could raise concern for specimen contamination
through processing and handling. For our UNC-CH data, we relied on
provider-documented antibiotic use in the medical record, medication
administration records (MAR) at the time of presentation for initial con-
sultation and other medical encounters limited to UNC-CH but could not
assess antibiotic use at the time of surgery, which could alter the relative
abundance of native microbiota in patients. Antibiotic data was also not
available for the TCGA cohort. We were unable to evaluate differences in
the microbiota profiles of ECs of obese versus non-obese Black women
in the same manner as we evaluated such differences for White
women, given the lack of ECs from lean women that had been previ-
ously banked at UNC-CH. Additionally, different methodologies were
used to analyze the data from both cohorts in our study, bacterial 16S
rRNA for the UNC-CH cohort and RNA sequencing in the TCGA cohort).
This difference in methodology may explain the differences in observed
taxa between tumors of White vs. Black (i.e., Lactobacillus). The se-
quencing of the TCGA samples was originally intended to target
human RNA and was therefore not optimized for the microbial taxa.
The metatrascriptomic approach, however, does allow for estimates of
taxonomic profile at

the species resolution rather than the genera resolution available
with 16S and will identify non-bacterial species including fungal and
viral species. Lastly, both cohorts include a small sample size with pro-
portionally fewer tumors from Black women. Therefore, we are in the
process of implementing a prospective study to assess the EC
microbiome that controls for the collection and processing of EC speci-
mens in a sterile fashion. This will be done in the following steps at
the time of surgery: 1. The hysterectomy specimen will be placed in a
sterile container by the surgeon. 2. The specimen will be immediately
transported to Surgical Pathology where it will be processed in a dedi-
cated sterile hood to avoid contamination. 3. A Pathologists' Assistant
will be readily available when surgical specimens arrive into Surgical
Pathology ensuring rapid processing of specimens limiting ischemia
time and preservation of nucleic acids. 4. The sterile container with
the hysterectomy specimen will be opened and the uterus will be cut
open to obtain samples aseptically. 5. Airborne contamination will be
monitored by placing Luria-Bertani (LB) agar plates in the hood and
room during processing of specimens. After specimen processing, the
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plates will be swabbed and the LB swabs will be processed alongside
the samples for microbiome analysis. Our quality control protocols
will also include sampling controls and positive and negative controls
in the DNA extraction, PCR, and sequencing steps. We also plan to ex-
pand our study beyond early stage disease to advanced stage disease,
as this is what ultimately accounts for death in Black women from EC,
and assess both the EC and gut microbiome in parallel as women un-
dergo surgery and chemotherapy. This prospective study will also col-
lect tumor estrogen and progesterone receptor status as obesity
associated dysregulation of the estrogen-gut microbiome axis may im-
pact carcinogenesis [5]. By probing the inter-relationships of race, the
microbiota of the malignant uterus and the gut, and EC progression,
we hope to identify targetable pathways to improve treatment response
and outcomes for Black women.

Ultimately, an improved understanding of the contribution of uter-
ine microbial dysbiosis to EC pathogenesis, as well as the alarming dis-
parities for Black women battling this disease, may result in novel
targets for treatment and prevention. However, we also want to ac-
knowledge that a multilevel framework will ultimately be needed to in-
tegrate our microbiota findings with that of the multiple dimensions
underlying racial disparities, which include biological factors, individual
factors, social/physical context and fundamental (structural and institu-
tional) causes, or our understanding of how the microbiome fits within
racial disparities will be limited.
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