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Background: Globally, the incidence of cervical cancer (CC) is highest among all tumors of the female
reproductive system. Numerous studies have shown that the expression level of microRNA (miRNA) is
highly correlated with cancer. This study aimed to establish a molecular prognostic model of CC based on
miRNAs in order to provide more individualized treatment to CC patients.

Methods: Human tissues were selected from the Cancer Hospital (Chinese Academy of Medical Sciences
and Peking Union Medical College) for 7:RNA gene sequencing. CC transcriptome expression and clinical
data were downloaded from The Cancer Genome Atlas (TCGA). We distinguished between common
differentially expressed miRNAs of CC miRNA-seq and TCGA-CC. To obtain a molecular prognostic
model, R package was used to perform univariate Cox proportional hazard regression and least absolute
shrinkage and selection operator (LASSO) Cox regression for common differentially-expressed miRINAs.
Next, the model performance was evaluated by survival analysis, receiver operating characteristic (ROC)
curve analysis, as well as univariate and multivariate analyses in the TCGA-CC dataset. Quantitative Real-
time polymerase chain reaction (QPCR) detection was to verify the expression changes of miRNA. Transwell
was used to verify the role of molecules in CC cell migration and invasion.

Results: Thirty-nine miRNAs were distinguished in TCGA-CC and CC miRNA-seq, LASSO regression
analysis to obtain the risk model (risk score =-0.310x expression of hsa-miR-142-3p +0.439x expression
of hsa-miR-100-3p). The survival analysis, ROC curve analysis, patient risk assessment, and univariate
and multivariate analyses showed that the risk score model had good predictive ability in assessing patient
survival (P<0.01), risk of death, and independent prognosis (P<0.01). gPCR detection of clinical samples and
cells showed that the expression of hsa-miR-142-3p and hsa-miR-100-3p was consistent with the results of
the database analysis. The Transwell results indicated that miR-142-3p is an inhibiting factor and miR-100-
3p serves as a promoting factor in CC cell migration and invasion.

Conclusions: Twelve miRNA-seq and TCGA-CC tissues were used to build a prognostic model for CC.
We have obtained a two-miRNA risk score model. Our results provide a new strategy for the individualized
diagnosis and treatment of CC.
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Introduction

Globally, the incidence of cervical cancer (CC) is highest
among all tumors of the female reproductive system,
with 342,000 deaths worldwide in 2020 (1). Despite the
effectiveness of human papilloma virus (HPV) vaccines in
reducing the incidence of CC, the proportion of people that
have been vaccinated remains low (2-4). Even if early CC
can be halted by surgery, metastatic CC cannot be cured (5),
and there is no effective molecular marker to predict the
prognosis of CC. Thus, it is crucial to identify new reliable
biomarkers for the diagnosis and prognosis of CC.

The development of biological sequencing technology has
brought about trillions of data resources, which are shared by
researchers and are valuable to tumor research. The Cancer
Genome Atlas (T'CGA) is a landmark database jointly run
by the National Cancer Institute and the National Human
Genome Research Institute. It offers information on the
genome, epigenome, and transcriptome profiles of patients
that have or previously suffered from different types of
cancer, including basic information about CC.

MicroRNAs (miRNAs) are short non-coding RNAs
with a length of approximately 18-25 nucleotides, which
are vital in the regulation of gene expression by interacting
with target mRNAs, leading to subsequent translational
repression (6). The variability of miRINA expression has
been shown to be significantly associated with the risk
of cancer development, disease progression, metastatic
ability, and response to chemotherapy and radiotherapy in
a variety of tumors (7,8). Some miRNAs may be oncogenes
or tumor suppressor genes in different cancer cells (9); for
example, miR-193a-5p is a tumor-suppressor in colorectal
cancer but a tumor-promoter in pancreatic cancer (10,11).
Targeting heterogeneous nuclear ribonucleoprotein K in
hepatocellular carcinoma (HCC) cell lines, miR-1249-3p
is an oncogene in the proliferation, migration and invasion
of cells (12). Systematic studies of specific miRNAs have
improved our understanding of tumorigenesis, clarified
the pathogenesis of various malignant tumors, and enabled
the identification of new biomarkers for treatment and
prognosis prediction.

In this study, we constructed and verified a two-miRNA
prognostic risk model based on miRNA-seq data of CC
tissues from the National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical
College and TCGA database. This model can predict the
survival risk of patients with CC. We then investigated
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the function of messenger RNAs (mRNAs), which are the
predicted targets of miRNAs in our model. Finally, we
carried out QPCR experiments in normal and tumor tissues
to verify the reliability and effectiveness of different miRINA
expressions in the model. This study aims to establish a
molecular prognostic model of CC based on miRNAs,
and optimize the personalized treatment of CC patients.
In this article, we integrate our own miRNA-seq data and
supplement the TCGA database. There were only two
miRNAs in the prognostic risk model, and the functions of
two miRNAs were explored.

We present the following article in accordance with
the TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-6451/rc).

Methods
Data acquisition and processing

We selected human CC tissues and nearby normal cervical
tissues from the specimen database of the Cancer Hospital
(Chinese Academy of Medical Sciences and Peking Union
Medical College). Four CC tissues without lymph node
metastasis, four CC tissues with lymph node metastasis,
and four adjacent normal cervical tissues were included
for miRNA gene sequencing. The samples were obtained
with the written informed consent of all patients, and the
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the Ethics Committee of the National Cancer Center/
National Clinical Research Center for Cancer/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College (No. 20/207-2,403).

CC transcriptome expression and clinical data used in the
study were obtained from TCGA (https://cancergenome.
nih.gov/). The miRINA data (version 16.0 dated March 22,
2019) included 309 CC tissues and three normal cervical
tissues. R software (version 3.6.1) and specific R packages
(https://svn.r-project.org/R-dev-web/trunk/index.html)
were used to process and analyze data. TCGA data did not
require further ethical approval. All related regulations
concerning access to TCGA data and protection of patient
privacy were strictly followed.

Screening for differential miRNA expression

We screened the differential expression of miRNA not
only in TCGA database, but also in own miRNA-seq data,
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which is more persuasive and innovative. Leveraging the
‘edge’ R package in R software, we screened the differential
expression of miRNAs in 12 miRNA-seq and TCGA
database tissues. The screening criterion was log2(fold
change) >1.5, and the cut-off for the false discovery rate
(FDR) =0.05, there was statistical significance when P<0.05,
in order to select the more significant differential miRNAs
we referred to the literatures (13-15) and found that the
difference was more significant when log2>1.5. With the
help of the ‘ggplot2’ package in R software, two volcano
maps of differentially-expressed miRINAs in the 12 miRNA-
seq and TCGA database tissues were drawn. We compared
the differentially-expressed miRNAs in the 12 miRNA-seq
and the TCGA database tissues to distinguish the common
differentially-expressed miRINAs.

Establishment and evaluation of a prognostic risk model

To predict CC prognosis, a risk score comprising two
miRNAs was obtained by calculating the sum of each
miRNA multiplied by its coefficient.

Assigned TCGA-CC datasets into training or testing
sets (1:1 ratio) randomly. We used the miRNA model from
the common differentially-expressed miRNAs to calculate
the prognostic scores of the training and testing sets, as
well as all CC patients. According to the median prognostic
score in the training set, all patients were classified as high
risk or low risk. We used Kaplan-Meier survival curves to
verify survival differences among groups with high- and
low-risk. To evaluate the predictive power of the prognostic
model, time-dependent receiver operating characteristic
(ROC) curve analysis was employed. To identify the value
of the independent prognostic model, we subsequently
analyzed the model and clinical parameters by univariate
and multivariate Cox survival analysis, and the results
were presented in the form of forest plots. We used the
‘survminer’, ‘caret’, ‘glmnet’, ‘survival’, and ‘survival ROC’
packages in R software during the process.

Predicting target genes in the prognostic visk model and
establishment of the miRNA-mRNA co-expression network

Three databases (miRDB, miRTarBase, and TargetScan)
were utilized for the prediction of target genes. To enhance
the accuracy of the prediction, every gene classified as a
target was placed in all three databases. We constructed
Venn diagrams using the ‘VennDiagram’ package in R
software. Next, the Pearson correlation test was performed
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on varied expressions of miRINAs and mRNAs in TCGA
database. Finally, we obtained the miRNA/mRNA pairs
with negative regulation and targeting.

Biological function studies of target genes

Cell culture and transfection

Human cervical epithelial cells (HCerEpiC) and human
CC cell lines (ME180, HCC94) were cultured in a cell
incubator with the following conditions: 5% CO,, high
glucose Dulbecco’s modified eagle medium (DMEM) with
10% fetal bovine serum (FBS), 100 U/mL of penicillin, and
100 mg/mL of streptomycin. The cells were transfected in
a six-well plate. We added miRNA-142-3p mimic and miR-
100-3p inhibitor into the pre-transfection pores of a six-
pore plate according to the related reagent specifications.

Colony formation assay

At 48 h post-transfection, the cells were digested with
membrane protease, centrifuged, added with complete
medium, and consecutively diluted to prepare a single-
cell suspension. Approximately 500 cells were added to
each well of a six-well plate; thus, the volume of the entire
medium was increased to 2 mL. We seeded and assigned
three pores for the transfected cells. The six-well plate
was placed in an incubator with constant temperature for
2-3 weeks. The culture medium was replaced every 3 days
until the cell clones could be perceived by the naked eye
before terminating the culture. The cells were then fixed
with 100% methanol for 20 min, stained with 0.1% crystal
violet for 30 min, rinsed with phosphate buffered saline
(PBS), dried, and photographed.

Migration and invasion assays

The cells were inoculated in the upper side of the transwell
chamber (Corning, Corning, NY, USA). In the bottom
side, 700 pL of medium with 10% FBS was applied. After
48 hours of incubation, the cells moved to the bottom
side and were fixed in 50% methanol and 50% acetone
for 15 min, and subsequently underwent crystal violet
staining for 20 min. The cells were then counted under the
microscope (OLMPUS, Japan). We randomly selected five
fields in every sample to count number of migratory cells
(magnification x200).

Quantitative real-time polymerase chain reaction (QRT-
PCR)
Total tissue and cellular RNA was extracted using the
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Figure 1 The clinical and expression data of miRINAs were download from T'CGA. A prognosis predictive model was built. CC, cervical

cancer; DEG, differential expressed gene; TCGA, The Cancer Genome Atlas; ROC, receiver operating characteristic.

FastPure Cell/Tissue Total RNA Isolation Kit V2 (Vazyme,
Nanjing, China). Reverse-transcription from RNAs into
complementary DNAs (cDNAs) was performed using
the miRNA First Strand cDNA Synthesis Kit (Vazyme,
Nanjing, China). We assessed all miRNA levels using the
RT SuperMix for qQPCR (Vazyme, Nanjing, China). The
small nuclear RNA U6 served as an internal reference. For
each sample, three replicates were prepared, with average
cycle threshold (Ct) values. The 27**“ method was employed

to calculate the relative expression of each miRINA.

Statistical analysis

All data were processed by SPSS 20.0 (IBM, USA),
with continuous values presented as mean standard
deviation. The #-test was used to examine the differences
between two groups, and P<0.05 was considered as
statistically significant.

Results
Workflow

Two miRNA databases were examined, including one piece
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from four CC tissues without lymph node metastasis, four
CC tissues with lymph node metastasis, and four adjacent
normal cervical tissues. The other piece was from 309 CC
tissues and three adjacent normal cervical tissues, which was
obtained from TCGA. We used these two pieces of data
to develop a prognostic risk model (Figure I). The clinical
data of 255 patients with CC (also from TCGA) was used to
develop a prognostic risk model.

miRNA and clinicopathological data

We enrolled 255 patients with CC. These patients were
randomly divided into training (n=128) and testing (n=127)
sets. There was no significant difference in the clinical
characteristics between the two groups (all P>0.05).

Screening for differentially-expressed miRNAs

In TCGA data, the miRNA data from CC tissues
(n=309) and adjacent normal tissues (n=3) indicated 191
differentially-expressed miRNAs (Figure 2A4,2B), and
158 mRNAs with different expression (Figure 2C,2D).

In 12 miRNA-seq tissues, the miRNA data from CC
tissues (n=4) and adjacent normal tissues (n=4) suggested
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258 differentially-expressed miRNAs, while the miRNA
data from CC tissues (n=4) and CC tissues with lymph
node metastasis (n=4) indicated 131 differentially-expressed
miRNAs (Figure 2E,2F).

We compared the three pieces of data and distinguished
39 common differentially-expressed miRNAs.

Establishing and evaluating the prognostic risk models

The Venn diagram for each miRNA showed the number
of target genes in each database, as well as the number
of target genes typically displayed in any two or three
databases (Figure 34).

LASSO Cox regression analysis of the common
differentially-expressed miRNAs resulted in a prognostic
risk model based upon the expression of two miRNAs as
follows:

Prognostic training = (70.310 x expression of hsa -miR - 142 - 3p) [1]
+ (0. 439x expression of hsa-miR -100 - 3p)

A nomogram was built for intuitively and effectively
analysis of the 2-miRNA risk score model 3-year survival
were almost identical to the standard curve (Figure 3B,3C).
Thus, one miRNA (hsa-miR-142-3p) was a protective factor
in CC, and one miRNA (hsa-miR-100-3p) was a risk factor
for CC (Figure 3D,3E).

Kaplan-Meier analysis of the training set showed that
the 5-year survival rate was significantly lower in the high-
risk group than in the low-risk group (P<0.01, Figure 4A).
Similar results were obtained from the testing set (P<0.05,
Figure 4B) and from all patients (P<0.001, Figure 4C).
Therefore, the results indicated that the two-miRNA
risk score can be used to predict the 5-year survival rate
in patients with CCs. Moreover, the ROC curves of the
training and testing sets, as well as all patients in both
datasets combined were relatively smooth, with an area
under the curve (AUC) greater than 0.7, which signifies that
the prognostic performance of the model was receivable
(Figures 4D-4F). Analyses of the training and testing sets,
as well as all patients showed that mortality rate in the
high-risk group was greater than that of the low-risk group
(Figures 5A-5C).

Univariate Cox regression analysis (Figure D) showed
that the two-miRNA risk score was significantly correlated
with prognosis (HR =3.193, P<0.05) in all ages and
grades. Multivariate Cox regression analysis demonstrated
that the two-miRNA risk score plays an independent role in
prognosis (HR =3.393, P<0.05); none of the other examined
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variables were statistically significant (Figure SE).

Identifying the miRNA-mRNA regulatory network

Databases including miRDB, miRTarBase, and TargetScan
were used to predict the target genes of the two miRNAs in
our model (Figure 64,6B).

We obtained two miRNA/mRNA negatively regulated
and targeted pair: HMGBI id target for miR142-3p and
DHCR24 is target for miRINA-100-3p.

Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis

KEGG enrichment analysis was performed on the target
mRNAs of the two miRNAs, which suggested that the
enrichment of target genes mainly took place in the cell
cycle, as well as the p53, transforming growth factor (TGF)
beta, vascular endothelial growth factor (VEGF), and Wnt
signaling pathways (Figure 6C,6D).

qPCR verification of results

The results of our model were verified by qPCR analysis
in tissues and cells, which showed that miR-142-3p was
significantly down-regulated in CC tissues (P<0.001)
and ME180 cells (P<0.05). Also, miR-100-3p was found
to be significantly up-regulated in CC tissues (P<0.001)
and HCC94 cells (P<0.01) (Figure 7). The qPCR results
were consistent with the database analysis. The primers
sequences are shown in Tible 1.

miR-142-3p and miR-100-3p regulated the proliferation,
migration, and invasion of CC

The cellular behavior changes of CC influenced by miR-
142-3p and miR-100-3p were explored through a series of
functional experiments. In the colony formation assay, we
found that the number of ME180 colonies in the mimic
negative control (NC) group was greater than that of
miR-142-3p mimic group (P<0.001; Figure 8A4), and the
number of HCC94 colonies in the inhibitor NC group was
greater than that of miR-100-3p inhibitor group (P<0.001;
Figure 8B). Thus, the up-regulated expression of miR-
142-3p and low expression of miR-100-3p inhibited the
formation of cell colonies. The primers sequences are
shown in Table 1.

Transwell assays (with or without the Matrigel-coated
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survival.

membrane) indicated less active migration and invasion in
the miR-142-3p mimic group compared to the mimic NC
group (P<0.01 and P<0.01, respectively; Figure §C,8D),
and less active migration and invasion in the miR-100-3p
inhibitor group than in the inhibitor NC group (P<0.0001
and P<0.05, respectively; Figure 8E,8F). These results
indicated that miR-142-3p played an inhibiting role and
miR-100-3p was a promoting factor in CC cell migration
and invasion.

Discussion

Our study identified differentially-expressed miRNAs in
CC by screening 12 miRNA-seq and TCGA tissues using
bioinformatics technology. We subsequently constructed
a prognostic risk model, the two-miRNA risk score, by
combining expression data with the clinical parameters
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of patients. The model performed well in predicting
prognosis in the training and testing sets, as well as in both
sets together. ROC curve analysis of the 5-year overall
survival rate suggested that the AUC value of each dataset
was greater than 0.7. More importantly, multivariate
Cox regression analysis revealed that the two-miRNA
risk score is significantly and independently correlated
with prognosis. Our analysis predicted cancer-related
target genes and their pathways: pathways in cancer, T
cell receptor signaling pathway, and the Wnt signaling
pathway. These pathways have recognized functions in the
development and progression of CC. Therefore, the results
suggested that the two-miRNA risk score can potentially
be used for predicting molecular pathogenesis, clinical
progression, and prognosis of CC patients. Clinical studies
are required to confirm whether the two-miRINA risk score
is helpful for the diagnosis and personalized treatments in

Ann Transl Med 2022;10(2):125 | https://dx.doi.org/10.21037/atm-21-6451



Page 8 of 14 Li et al. MicroRNA risk model for cervical cancer

A Survival curve (P=1.881e-03) D ROC curve (AUC =0.767)
. 1.0
= High risk
= |ow risk
0.8
Q
2 ®
£ —_—— 2 06+
[ =
2 8
<
a g 04+
=
0.1
0.0
! ! ! ' 00 i T T T T T T
0 s T 10 15 0.0 0.2 0.4 06 0.8 1.0
'me, year False positive rate
B Survival curve (P=2.681e-02) E ROC curve (AUC =0.703)
1.0 4 —— High risk 1.0 7
— Low risk
0.8 0.8
[0}
2 S
©
= 967 206
2 3
< ettt o}
(?) 0.4 % 0.4 -
>
0.1 =
] 0.1
0.0
T T T 0.0
0 5 10 15 T T T T T T
Time, year 0.0 0.2 0.4 - .0'6 0.8 1.0
False positive rate
C Survival curve (P=1.809e-04) F ROC curve (AUC =0.727)
1.0 7 —— Hiigh risk 1.0 7
= Low risk
0.8 ° 0.8
) ©
£ 06 - 206 -
< =
% et g
0.4 _
@ ® 0.4
=
0.1 4 0.1 4
0'0 ) ' ' ! J 0.0 A T T T T T T
0 5 10 15 0.0 0.2 0.4 06 0.8 1.0

Time, year False positive rate
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training set (A,B), testing set (C,D), and all patients (E,F). ROC, receiver operating characteristic; AUC, area under the curve.
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the early stage of CC.

One of the two miRNAs in our prognostic model—
miR-100-3p—was correlated with a higher risk; that is,
high expression was correlated with poor OS. Consistent
with TCGA data, miR-100-3p expression was higher in CC
cancerous cells than normal cells. Interestingly, miR-100-3p
has inconsistent roles in different cancer types. Figueroa-
Gonzilez et al. (16) reported that miR-100-3p was over-
expressed in head and neck cancer samples. A previous
study reported that miR-100-3p is a tumor suppressor
miRNA and directly targets BMPR2, thereby regulating the
extracellular signal regulated kinase (ERK)/protein kinase
B (AKT) and BCL2-associated X (Bax)/B-cell lymphoma-2
(Bcl2)-Caspase3 signaling pathways in gastric cancer (17).
However, no previous reports on the role of miR-100-3p in
CC could be found.

Our TCGA analysis indicated that miR-142-3p was
associated with reduced risk. Previous studies found
that miR-142-3p functioned as a tumor suppressor in
CC and other tumors. Tang et /. (18) showed that miR-
142-3p was down-regulated in CC cell lines compared
with normal cervical epithelium cells. Deng et al. (19)
reported that miR-142-3p can directly affect the expression
Frizzled7 Receptor (FZD7), and thus, is an inhibitor of

© Annals of Translational Medicine. All rights reserved.

proliferation and invasion of CC cells. Metformin was
found to upregulate miR-142-3p expression in CC i vitro
and disrupts the MALAT1/miR-142-3p sponge, resulting
in the combination of miR-142-3p and HMGA2, which
subsequently inhibits CC invasion and migration (20).
In breast cancer, miR-142-3p might serve as a tumor
suppressor by targeting oncogenic HMGA2 (21). The
expression of miR-142-3p is down-regulated in pancreatic
cancer tissues and cell lines, and miR-142-3p inhibits the
proliferation, migration, and invasion of pancreatic cancer
cells by targeting NUCKSI1 (22).

Our ROC curve analysis showed that the AUC values of
our model in the training and testing sets, and in the two
datasets were all between 0.7 and 0.8. It is worth noting
that the univariate and multivariate Cox regression analyses
in our study indicated a significant and independent
correlation between the two-miRINA risk score and OS (HR
-3.393, P<0.05).

There were some limitations in this study that should be
noted. Firstly, we only used data from one single database
to assign into the training and testing sets. Ideally, another
set of data should be used for external testing. Secondly,
the sample size for qPCR verification of the model was
small; therefore, it is essential to recruit more CC patients

Ann Transl Med 2022;10(2):125 | https://dx.doi.org/10.21037/atm-21-6451
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Figure 6 Predicted target genes of each of the miRNAs based on the miRTarBase (green), miRDB (red), and TargetScan (blue) databases (A,B,
Venn diagrams). KEGG enrichment analysis of HMGBI1 (C); KEGG enrichment analysis of DHCR24 (D). KEGG, Kyoto Encyclopedia of

Genes and Genomes.

and carry out a long-term follow-up study to confirm the
results of this paper. In addition, the functions and detailed
mechanisms of the two microRNAs clarified here require

further studies.

Conclusions

We used 12 miRNA-seq and TCGA tissues to build a

© Annals of Translational Medicine. All rights reserved.

prognostic model for CC according to the expression of two
miRNAs. ROC curve analysis suggested that the model had
sound performance. Our qPCR experiment compared the
expression of two microRINA in tissues and cell lines, and
the actual results were identical to the model predictions. In
this study, we constructed a two-miRNA risk score model
with predictive potential, which will provide a new strategy
for the individualized diagnosis and treatment of CC.
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Figure 7 Expression of two miRNAs from the prognostic model in tissues and cells. Differential expression of miR-142-3p between normal
and CC tumor tissues (A). Differential expression of miR-142-3p between HCerEpiC and CC cell line (ME180) (B). Differential expression
of miR-100-3p between normal and CC tumor tissues (C). Differential expression of miR-100-3p between HCerEpiC and ME180 (D). *,
P<0.05; **, P<0.01; ***, P<0.001. CC, cervical cancer; HCerEpiC, Human Cervical Epithelial Cells.

Table 1 Sequences of primers used in the present research

Primer Sequence, 5'-3'

hsa-miR-142 GCGCGTGTAGTGTTTCCTACTT
hsa-miR-100 GCGCGCAAGCTTGTATCTATA
ue CTCGCTTCGGCAGCACAT

hsa-miRNA-142-3p Mimic

Mimic NC

hsa-miRNA-100-3p Inhibitor
Inhibitor NC

UGUAGUGUUUCCUACUUUAUGGA
UCCAUAAAGUAGGAAACACUACA
UCACAACCUCCUAGAAAGAGUAGA
UCUACUCUUUCUAGGAGGUUGUGA
CAUACCUAUAGAUACAAGCUUG
UCUACUCUUUCUAGGAGGUUGUGA

hsa, homo sapiens; miR, microRNA; NC, negative control.
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Figure 8 miR-142-3p mimic inhibits colony-formation, migration, and invasion of ME180 (A,C,D); miR-100-3p inhibitor inhibits colony-
formation, migration, and invasion of CC cell line (HCC94) (B,E,F). The cells were stained with crystal violet. *, P<0.05; **, P<0.01; ***,

P<0.001; **** P<0.0001. CC, cervical cancer.
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