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HIGHLIGHTS

e Among cervical cancer patients, bacterial diversity was higher in older women as compared to younger women.
e Compared to controls, women with cervical cancer have distinct differences in their gut microbiota diversity.

e Compared to controls, women with cervical cancer have distinct differences in their gut microbiota composition.
o Currently there is an important gap in studies investigating the gut microbiome and gynecologic cancers.
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Objectives: The aim of this study was to characterize variation in the gut microbiome of women with
locally advanced cervical cancer and compare it to healthy controls.

Methods: We characterized the 16S rDNA fecal microbiome in 42 cervical cancer patients and 46
healthy female controls. Shannon diversity index (SDI) was used to evaluate alpha (within sample) di-
versity. Beta (between sample) diversity was examined using principle coordinate analysis (PCoA) of
unweighted Unifrac distances. Relative abundance of microbial taxa was compared between samples
using Linear Discriminant Analysis Effect Size (LEfSe).

Results: Within cervical cancer patients, bacterial alpha diversity was positively correlated with age
(p=0.22) but exhibited an inverse relationship in control subjects (p<0.01). Alpha diversity was
significantly higher in cervical cancer patients as compared to controls (p < 0.05), though stratification by
age suggested this relationship was restricted to older women (>50years; p <0.01). Beta diversity
(unweighted Unifrac; p <0.01) also significantly differed between cervical cancer patients and controls.
Based on age- and race-adjusted LEfSe analysis, multiple taxa significantly differed between cervical
cancer patients and controls. Prevotella, Porphyromonas, and Dialister were significantly enriched in
cervical cancer patients, while Bacteroides, Alistipes and members of the Lachnospiracea family were
significantly enriched in healthy subjects.

Conclusion: Our study suggests differences in gut microbiota diversity and composition between cervical
cancer patients and controls. Associations within the gut microbiome by age may reflect etiologic/clinical
differences. These findings provide rationale for further study of the gut microbiome in cervical cancer.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Cervical cancer continues to be the most common gynecologic
cancer globally. The American Cancer Society estimates >13,100
new cases of invasive cervical cancer will be diagnosed in the
United States in 2019, resulting in >4250 deaths [1]. A previously
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published review by Chase et al. highlighted an important gap in
studies investigating the association between the gut microbiome
and gynecologic cancers [2]. The gut microbiome is proposed to
alter host immunity by modulating multiple immunologic path-
ways, thus impacting cancer risk and treatment outcomes in
various malignancies [3—5]; however, the relationship between the
gut microbiome and cervical cancer has not been reported.

Previous studies theorized that host-dependent immunologic
status and human papillomavirus (HPV)-induced immune evasion are
responsible for persistent HPV infection and the subsequent devel-
opment of cervical dysplasia [6]. Independent of HPV status, the im-
mune system's capability to recognize tumor antigens and clear an
oncogenic HPV infection ultimately determines whether a patient
develops cervical cancer [7]. The ability of high risk HPV to down-
regulate interferon signaling favors HPV persistence and the devel-
opment of cervical cancer and its precursor lesions [7,8]. Previous
evidence supports that a more diverse, abundant gut microbiota with
distinct composition can lead to improved anti-tumoral immune
response by priming anti-tumoral T cell activation [9]. In melanoma
patients treated with anti-programmed cell death 1 protein (PD-1)
immunotherapy, Gopalakrishnan et al. demonstrated that patients
with a favorable baseline gut microbiome (high diversity and abun-
dance of Ruminococcaceae and Faecalibacterium) exhibit enhanced
systemic and antitumor immune responses mediated by increased
antigen presentation and improved effector T cell function [10]. Noting
that gut microbial differences could affect cervical cancer risk and
treatment through several pathways, we aimed to characterize vari-
ations in the fecal or gut microbiome of women with locally advanced
cervical cancer. In doing so, we hope to clarify differences in gut mi-
crobial diversity and composition within and between cervical cancer
patients as compared to cancer-free controls; laying the groundwork
for further research aimed at exploring the role of the gut microbiota
in cervical cancer risk and treatment.

2. Materials and methods
2.1. Participants and clinical data

Gut microbiome samples for cervical cancer patients were
collected on an IRB approved prospective protocol (MDACC
2014—0543) for patients with biopsy-proven carcinoma of the
cervix treated at The University of Texas MD Anderson Cancer
Center and Harris Health System, Lyndon B. Johnson General Hos-
pital Oncology Clinic between September 22, 2015 and December
21, 2017. Female controls that were comparable to cases in regard to
age, race and body mass index (BMI), were derived from the
Houston, TX community and medical center catchment area. Con-
trol ineligibility criteria included current smoker, antibiotic use
within the past month, incident or prevalent cancer other than
non-melanoma skin cancer, one or more chronic conditions that
restricts dietary intake (e.g., Celiac disease), major intestinal sur-
gery (e.g., gastric bypass), and currently pregnant or lactating
women. Medical history and current medication use were assessed
via an in-person interview with a clinical provider or trained study
staff. All cancer patients had a new diagnosis of locally advanced,
non-metastatic carcinoma of the cervix and underwent definitive
chemoradiation (CRT) with external beam radiation therapy fol-
lowed by brachytherapy, but samples used for this study were
collected prior to any cancer therapy. Medical records were
reviewed to obtain demographic and clinico-pathologic data.

2.2. Sample collection and DNA extraction
For the cervical cancer patients undergoing definitive CRT, stool

from an in clinic rectal exam performed prior to cancer therapy
were collected using a matrix designed quick release Isohelix swab.

Isohelix swabs were placed in 20 pL of protease K and 400 pL of lysis
buffer (Isohelix) and stored at —80 °C within 1 h of sample collec-
tion. Control participants provided stool samples using an in-home
collection kit with a sterile swab and tube, a comparable method
[11,12]. Control participants were provided a kit with detailed in-
structions to collect a stool sample. Following defecation into a
plastic “toilet hat,” a sterile culture swab and tube with no media
was used to collect a small portion of the sample. Samples were
either Express (overnight or same day) shipped or brought to their
next scheduled visit. All fecal samples were received <48 h from
collection, stored at —80°C, and processed within one year of
collection [13]. Bacterial genomic DNA was extracted using MO BIO
PowerSoil DNA Isolation Kit (MO BIO Laboratories).

2.3. 16S rRNA gene sequencing and sequence data processing

16S rRNA gene sequencing was performed by the Alkek Center
for Metagenomics and Microbiome Research at Baylor College of
Medicine. 16S rRNA was sequenced using methods adapted from
those used for the Human Microbiome Project [14]. The 16S rDNA
V4 region was amplified by PCR using primers that contained
sequencing adapters and single-end barcodes, allowing pooling
and direct sequencing of PCR products. Amplicons were sequenced
on the MiSeq platform (Illumina) using the 2 x 250 bp paired-end
protocol, yielding paired-end reads that overlapped almost
completely. Sequence reads were demultiplexed, quality filtered,
and subsequently merged using USEARCH version 7.0.1090 (4). 16S
rRNA gene sequences were clustered into OTUs at a similarity cutoff
value of 97% using the UPARSE algorithm [15]. To generate taxon-
omies, OTUs were mapped to an optimized version of the SILVA
rRNA database containing the 16S v4 region. A custom script was
used to construct an OTU table from the output files generated as
described above for downstream analyses of alpha-diversity, beta-
diversity, and phylogenetic trends. PCOa analysis was performed by
institution and sample set to ensure no batch effects were present.

2.4. Statistical analyses

For microbiome analysis, rarefaction depth was set at 5121 reads.
Shannon diversity index was used to evaluate alpha (within sample)
diversity. Beta (between sample) diversity was examined using
principle coordinate analysis (PCoA) of unweighted Unifrac dis-
tances. Relative abundance of microbial taxa and genera was
compared between cases and controls; and differentially abundant
bacterial genera by case status were determined using Linear
Discriminant Analysis (LDA) Effect Size (LEfSe) [16], applying the
one-against-all strategy with a threshold of 3 on the logarithmic LDA
score for discriminative features and o of 0.05 for factorial Kruskal-
Wallis test among classes. LEfSe was restricted to bacteria present
in 20% or more of the study population. Due to variations in gut
microbiota diversity with age, microbial associations were assessed
by age strata the approximate overall mean (<50 vs. >50 years).

3. Results

We characterized the 16S rDNA fecal microbiome in 42 cervical
cancer patients. Their clinico-pathologic data are summarized in
Table 1. Cervical cancer cases were staged according to the Feder-
ation of Gynecology and Obstetrics (FIGO) 2014 staging system.
Overall, approximately 64% of the patients (27 of 42) had advanced
stage disease (stage IIB, or greater) and the majority of patients had
squamous cell cancers with moderate or poor differentiation. With
respect to HPV status, HPV-16 was the most frequent genotype
(47.6%), followed by HPV-18 (23.8%), and other high-risk HPV (7.1%).
HPV status was unknown in 21.4% of cancer patients. On pre-
treatment imaging, the largest tumor dimension and highest
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Table 1
Clinical-pathological features of cervical cancer cases.

Cancer stage, %

IA1-1A2 24
IB1 11.9
B2 14.3
1A 7.1
1B 40.5
A 0.0
1B 16.7
IVA 7.1
IVB 0.0
Histology, %
Squamous Cell Carcinoma 78.2
Adenocarcinoma 18.2
Adenosquamous Carcinoma 3.6
Tumor Grade, %
1 5.5
2 36.4
3 454
Unknown 12.7

All column values are percentage unless indicated otherwise
(n=42).

node level were identified. Using the short axis diameter, we found
that the median cervical tumor size was 5.37cm (range
1.2—11.5cm). Thirty patients (71%) were identified as having

positive pelvic or para-aortic lymph nodes by positron emission
tomography (PET) or computerized tomography (CT) scan.

The 16Sv4 fecal microbiota was first analyzed in cancer cases
with respect to age. Bacterial a-diversity as measured by SDI
showed a trend to increase with age in women diagnosed with
cervical cancer although this did not reach statistical significance
(p=0.22) (Fig. 1A). Given this trend, to further investigate differ-
ences by age, we divided subjects into two age groups (<50 vs.
>50years). There was no difference in the bacterial community
composition (B-diversity) between younger and older women
(p=0.55) (Fig. 1B). The top 10 most abundant genera in fecal
samples was similar among all cervical cancer patients (Fig. 1C),
suggesting that bacterial taxa dominance does not vary by age.

We next compared bacterial diversity and taxa abundance with
regards to race/ethnicity, histology and disease stage among cer-
vical cancer patients. Neither a-diversity (p=0.69) nor beta-
diversity (p=0.64) varied by race in our patient group (Fig. 2A,
D). We also found no difference in a- or B-diversity according to
histology (p = 0.28 for SDI a-diversity and p = 0.83 for unweighted
Unifrac B-diversity) (Fig. 2B, E). Comparing across cancer stage, we
again observed no difference in a-diversity (p = 0.91) (Fig. 2D) or f-
diversity (unweighted Unifrac; p = 0.40) (Fig. 2E).

We then sought to extend our analysis to characterize variations
in the gut microbiome of women with and without locally
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Fig. 1. The fecal microbiota of individuals with cervical cancer.

The Shannon diversity index showed a trend to increase with age in cervical cancer subjects but did not reach statistical significance. B) Bacterial community composition does not
vary between younger and older individuals with cervical cancer as determined by PCoA of the unweighted UniFrac distance. C) Stacked bar plot of the top 10 most abundant order-
level bacteria in cervical cancer patients. Each bar represents a single participant and is labeled with subject age.
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Fig. 2. The fecal microbiota of individuals with cervical cancer by demographics.
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Alpha diversity (within sample diversity) was measured using the Shannon diversity index and Beta diversity (between sample diversity) was determined by unweighted Unifrac.
No differences were observed in either metric by race (A,D), histology (B,E) or cancer stage (C,F).

advanced cervical cancer. We compared the 16S rDNA fecal
microbiome of our 42 cervical cancer patients to 46 healthy cancer-
free female controls. Clinical and demographic characteristics are
displayed in Table 2. Race/ethnicity, age, and BMI were similar
between cervical cancer and control groups with the majority of
patients being non-Hispanic white, with a mean age of 48.9 vs.
48.9years (p>0.99) and a mean BMI of 29.0 vs. 29.6 kg/m2
(p=0.71) respectively.

Comparing cervical cancer patients and controls, we observed
statistically significant differences in a-diversity as measured by SDI
(p<0.05) (Fig. 3A). Stratification by age revealed differences in o-

Table 2
Selected characteristics of cervical cancer cases vs controls.

Characteristic Cervical cancer status
Cases (n=42) Controls (n =46) P-value”
Mean Age (SD) — yr 489 (10.4) 489 (13.7) >0.99
BMI, mean (SD), kg/m2 29.0 (6.6) 29.6 (8.3) 0.71
Race, %
White 571 53.2 0.72
Black 9.5 25.5 0.06
Hispanic/Latino 26.2 13.0 0.12
Asian 4.8 2.2 0.51
Other 24 43 0.62

" Pvalues were based on t-test (continuous variables) or z-test (proportions). All
tests were two-sided.

diversity were limited to women over 50 years (p < 0.01) (Fig. 3B);
hence, we examined the relationship between a-diversity and age
among healthy controls alone. In contrast to cancer patients, SDI was
inversely associated with age in control subjects (p < 0.01) (Fig. 3C).
Given these findings, we further examined community composition
in cervical cancer patients and controls. As with a-diversity, overall
B-diversity differed significantly by cancer status (unweighted Uni-
frac; p < 0.01), but this relationship was evident in both younger and
older age groups (p < 0.01 for both) (Fig. 3D, E).

In addition to diversity, we used LEfSe analysis to identify bac-
terial genera that were differentially enriched between cervical
cancer cases and control patients (p < 0.05, LDA score > 3) (Fig. 4A).
LEfSe identified Prevotella, Porphyromonas, and Dialister as signifi-
cantly enriched in cervical cancer samples. In analyses indepen-
dently adjusted for age and race, LEfSe continued to identified
Prevotella, Porphyromonas, and Dialister as significantly enriched in
cervical cancer samples, while Blautia, Alistipes and members of the
Lachnospiracea family were preferentially more abundant in con-
trols (p < 0.05, LDA score > 3) (Fig. 4C, D).

4. Discussion
In this study, we sought to characterize the gut microbiome of

women with cervical cancer. We hypothesized that cervical cancer
patients would have a microbiome distinct from cancer free
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Fig. 3. The fecal microbiota of individuals with cervical cancer is statistically significantly different from that of healthy individuals.
A) Overall alpha diversity, as assessed by Shannon diversity in cervical cancer patient's vs. controls. B) Alpha diversity, as assessed by Shannon diversity in cervical cancer patient's
vs. controls stratified by age group. C) Shannon alpha-diversity index decreased with age in control subjects (p <0.01). D,E) Beta diversity, as assessed by unweighted UniFrac,
demonstrates significant compositional differences at the community level in cervical cancer patients vs. controls regardless of age.

controls, which would be more pronounced in higher staged dis-
ease. We found that diversity of the fecal microbiome in cervical
cancer patients differed between young and older women. We
observed significant differences in o and  diversity between cer-
vical cancer patients and controls, suggesting compositional dif-
ferences in the gut microbiota. Among cases only, overall analysis of
o and f diversity did not differ in regards to race, histology or stage.

In a recently published study, Wang et al. compared the gut
microbiome between eight cervical cancer patients and five healthy
controls [17]. The study demonstrated an increasing trend in gut
microbiota a-diversity in cervical cancer patients, although statis-
tical significance was not reached. With respect to B-diversity, the
authors reported a clear separation between cervical cancer pa-
tients and healthy controls. Additionally the study identified
several genera that differed significantly between cervical cancer
patients and healthy controls, mainly, that members of the phylum
Proteobacteria were notably higher in cervical cancer patients [17].
Our larger analysis of the gut microbiome in cervical cancer pa-
tients vs. normal controls revealed analogous findings. We
observed a statistically significant higher a-diversity in cervical
cancer patients, particularly in elderly patients, than healthy con-
trols. Furthermore, we report a statistically significant difference in
B-diversity between cervical cancer patients and controls,

confirming compositional differences in the gut microbiota ac-
cording to health status. Our US based study investigating differ-
ences in the gut microbiome between cervical cancer patients and
normal controls revealed dissimilarities in the relative abundance
of specific taxa in cervical cancer patients than those found in the
smaller study by Wang et al, namely Prevotella, Porphyromonas, and
Dialister. These differences all likely due to ethnicity or population-
specific variations in gut microbiome composition, as previously
reported, and support the need for geographically tailored ap-
proaches to microbiome analysis [18].

Dysbiosis of the gut microbiota may be implicated in carcino-
genesis, therapy-related side effects and treatment outcomes in
cervical cancer [2,5]. Ahn et al. found an increased presence of
Fusobacterium and Porphyromonas in individuals with colorectal
cancer compared to normal controls [19]. Coker et al. found the
genus Dialister to be higher in the gastric mucosa of gastric cancer
patients [20]; which correlated with disease progression when
compared to precancerous subjects. Ritu et al. recently investigated
the association between the cervical microbiota and HPV infection
status in cytologically normal women using 16S-based sequencing.
They found Dialister to be positively associated with a newly ac-
quired HPV infection, HPV persistence, and negatively associated
with the clearance of HPV [21]. The authors suggest taxa associated
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Fig. 4. LEfSe analysis identified the most differentially abundant taxa between cervical cancer and healthy controls.
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with HPV infection status could serve as a biomarker to help
forecast the risk of developing a persistent HPV infection. These
reports coupled with our findings suggest a plausible role of the
genus Dialister in cervical cancer.

Interestingly, studies in humans have linked the relative abun-
dance of Prevotella at mucosal sites to a variety of inflammatory
disorders, including bacterial vaginosis, rheumatoid arthritis, and
periodontitis [22—24]. These diseases are thought to be associated
with a Prevotella-mediated inflammatory process facilitated by T
helper type 17 (Th17) [25]. Studies suggest that Prevotella rich en-
vironments stimulate dendritic cells (DC) through Toll-like receptor
2 (TLR2) to release of interleukin-1b (IL-1b), IL-6 and IL-23, which
in turn facilitates IL-17 production by T helper 17 (Th17) cells to
activate neutrophils [25]. The role of this genus in altering host
immunity by modulating immunologic pathways may also be
linked to cervical cancer risk and treatment outcomes. Studies also
indicate that the genus Prevotella is native to many US immigrants.
Vangay et al. found that the western-associated genus Bacteroides
increasingly displaced the genus Prevotella in US immigrants; and
paralled with time spent in the United States [26]. Some of the
geographical/racial variations in the gut microbiome have been
attributed to differences in host genetics and innate/adaptive im-
munity, but in many other cases, location, culture and behavior may
play a significant role [18]. This and our findings support recent

trends highlighting the racial and regional disparities in cervical
cancer incidence and mortality in the United States [27], and
emphasize the need for continued research to better characterize
its role in minorities who experience high rates of cervical cancer
[28].

We found that diversity of the fecal microbiome in cervical
cancer patients differed between young and older women. Bacterial
a-diversity showed a trend to increase with age in women diag-
nosed with cervical cancer although this did not reach statistical
significance. In contrast to cancer patients, o-diversity was
inversely associated with age in control subjects (p < 0.01). Indeed,
several studies have reported that older adults demonstrate an
altered composition of the gut microbiota. Jeffery et al. found that
advanced age is associated with variations in the gut microbiota
composition characterized by a loss of diversity of specific taxa [29].
Claesson et al. found that individuals over the age of sixty five were
more likely to have a relative abundance of the genus Bacteroides
and to display a loss of diversity associated taxa, including Pre-
votella [30]. Our finding of an aged dependent decrease in alpha
diversity among healthy controls is consistent with these previous
results. The inverse relationship seen in our cervical cancer patients
may signify a temporal association between chronic activation of
the innate and adaptive immune systems and an altered bacterial
composition in the gut [31].
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Gut microbial composition may play a role in cervical tumori-
genesis [17]. However, if the gut microbiome is protective against
cervical tumorigenesis the exact mechanism is unclear. One theory
is that the gut microbiome can influence tumorigenesis through an
inflammatory response mediated by microorganism-associated
molecular patterns and the activation of Toll-like receptors [32].
This pathway ultimately leads to the activation of pro-
inflammatory cytokines like IL-17 and tumor necrosis factor (TNF)
which can stimulate tumorigenesis [32]. With respect to different
bacterial taxa, further investigation to characterize their role as
either a passive bystander or antecedent in carcinogenesis is war-
ranted. If there truly is an association, the direction of causation
needs to be considered.

Strengths of this study include careful clinical staging, histopa-
thology, prospective specimen collection prior to treatment among
cancer patients, and analysis considering potential confounders,
such as race, age and BMI. Additionally, the genus-level gut
microbiome of healthy control individuals in our study was similar
to those reported in prior studies. The Human Microbiome Project
(HMP) Consortium previously reported that stool is dominated by
Bacteroides and Alistipes [33], while Segata et al. highlighted the
presence of Lachnospiraceae, Veillonellaceae, and Porphyr-
omonadaceae in 10 sites located throughout the digestive tract in
200 healthy individuals [34].

Although the present study has yielded intriguing findings, we
were limited by the small sample size. Secondly, risk factors, such
as persistent positive HPV in controls was not measured, but is
likely to be <20%, the estimated prevalence among US women in
this age range [35]. Our case control design also prevents us from
understanding causal associations or mechanisms linking differ-
ences in the gut microbiota and cervical cancer which is an area
that deserves further study. Differences in diversity and composi-
tion may be due in part to different factors affecting the gut
microbiome which were not controlled for in this study [36—38].
Finally, fecal sample collection methods did vary between healthy
controls and cervical cancer patients, but Vogtmann et al. previ-
ously investigated the reproducibility of five different fecal sam-
pling techniques for microbiome analysis and concluded all
methods were relatively reproducible, stable, and accurate [12].
Additionally, although collection methods differed, sequenced data
from all samples was processed using the same custom analytic
packages and pipelines developed at the Alkek Center for Meta-
genomics and Microbiome Research at Baylor College of Medicine
limiting artifactual variations in sample collection, DNA extraction
or sequencing technology. These limitations are unlikely to fully
explain the large differences in overall community composition we
observed between cervical cancer patients and controls.

In conclusion, our study demonstrates hypothesis-generating
age-related differences in fecal microbial profiles among cervical
cancer patients as compared to cancer free controls. We identified
previously unreported cervical cancer-associated gut bacteria
which warrant further investigation. Differential associations
within the gut microbiome of older versus younger women may
reflect etiologic/clinical differences in these two groups. Additional
studies are needed to validate these findings in larger cohorts and
to determine the biological significance of these observed
differences.
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