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Abstract. Cervical cancer (CC) is a multifactorial disease of
which human papillomavirus (HPV) is the main etiological
agent. Despite cervical Pap smear screening and anti-HPV
vaccination, CC remains a major public health issue.
Identification of specific gene expression signatures in the
blood could allow better insight into the immune response of
CC and could provide valuable information for the development
of novel biomarkers. The present study performed a transcrip-
tomic analysis of peripheral blood mononuclear cells (PBMCs)
from Senegalese patients with CC (n=31), low-grade cervical
intraepithelial neoplasia (CIN1; n=27) and from healthy control
(CTR) subjects (n=29). Individuals in the CIN1 and CTR groups
exhibited similar patterns in gene expression. A total of 182
genes were revealed to be differentially expressed in patients
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with CC compared with individuals in the CIN1 and CTR
groups. The ILIR2,ILISR1, MMP9 and FKBPS5 genes were the
most upregulated, whereas the T-cell receptor agene TRA was
the most downregulated in the CC group compared with in the
CINI and CTR groups. The pathway enrichment analysis of
the differentially expressed genes revealed pathways directly
and indirectly linked to inflammation. To the best of our
knowledge, the present study is the first large transcriptomic
study on CC performed using PBMCs from African women;
the results revealed the involvement of genes and pathways
related to inflammation, most notably the IL-1 pathway, and the
involvement of downregulation of the T-cell receptor a, a key
component of the immune response. Several of the stated genes
have already been reported in other cancer studies as putative
blood biomarkers, thus reinforcing the requirement for deeper
investigation. These findings may aid in the development of
innovative clinical biomarkers for CC prevention and should be
further replicated in other populations.

Introduction

Cervical cancer (CC) is the second most common type of
cancer among women and a leading cause of cancer-associated
death worldwide. Approximately 604,000 new cases of CC
and 342,000 CC-associated deaths are reported each year,
with ~80% of cases occurring in developing countries (1). In
Senegal, it is the most common type of cancer after breast
cancer, with 1,937 new cases, 1,312 deaths and a 5-year
prevalence of 3,543 reported in 2020 (1).

Infection with human papillomavirus (HPV) is the main
cause of CC and ~80% of sexually active women will be
infected in their lifetime (2). However, >90% of infections
are asymptomatic and will be cleared by the immune system
within 6 months to 2 years (2). A persistent infection may first
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lead to low or high-grade cervical intraepithelial neoplasia
(CIN1 to CIN3), and then may evolve toward CC (2).

There are >100 types of HPV with various oncogenic
potential (3). HPV-16 and -18 are the main types involved in
78% of CC cases (3). Other HPV types, such as HPV-31, -33,
-35, -39, -45, -51, -52, -56, -58 and -59, are defined as high-risk
HPV types according to the World Health Organization (4).
The HPV genome encodes the proteins E6 and E7, which
have an oncogenic action by stimulating cellular proliferation
through the inactivation of regulatory proteins, including p53
or pRb (5). Besides HPV infection, several co-factors have been
shown to be involved in malignant transformation, including
sexually transmitted diseases, the age onset of sexual activity,
menstruation and childbirth, smoking, immune deficiency and
viral infections (6). In addition, host genetic variations are
important in the development of CC (7).

CC prevention has successfully reduced mortality in devel-
oped countries through the development of screening tools for
HPV and the HPV vaccine (8). The cytology test (‘Pap smear’)
detects HPV-associated dysplastic changes in exfoliated cervical
cells; however, it has a rather low sensitivity for detecting precan-
cerous lesions and the screening has to be repeated at frequent
intervals. The Pap smear test is widely used and remains highly
effective for preventing death from CC (9). The HPV DNA test
has a higher sensitivity and thus requires less follow-up tests
than the Pap smear (10). In addition to screening tools, the HPV
vaccine has exhibited a good efficacy in preventing infection
and disease caused by specific HPV types (11). The success
of prevention and vaccination is linked to the cost of effective
public health policies, and there are major differences world-
wide in terms of access to screening and vaccines (12). To tackle
CC effectively, in addition to vaccination, screening has a major
role. New biomarkers for CC, in addition to classic screening,
are still required since they may help to improve the accuracy of
screening and diagnosis, and thus improve the specific detection
of cervical lesions, as well as early-stage CC, leading to a better
efficacy of cancer treatment (13).

The emergence of ‘omics’ technologies, such as genomics,
transcriptomics and proteomics, opens a new way of investiga-
tion for a better understanding of disease etiology and for the
discovery of biomarkers for patients with cancer (14). Blood
transcriptomics offers the possibility to evaluate the immune
response in patients with cancer and may help to develop
blood-based biomarkers, detection of which may be afford-
able in a low-resource and high disease-burden environment.
Blood-based gene expression biomarkers have already been
investigated in human cancer with promising results, but not
in CC (15,16). In the present study, the mRNA expression in
peripheral blood mononuclear cells (PBMCs) was obtained and
compared among three categories of subjects: Patients with CC,
patients with CIN1 and healthy control (CTR) subjects. Using
the transcriptome profiles, the present study investigated the
molecular mechanisms in PBMCs from patients with CIN1
and CC compared with CTR subjects, through the analysis of
biological pathways.

Materials and methods

Study population. Peripheral blood samples were collected
from 31 patients with CC, 27 patients with CIN1 and

29 healthy CTR subjects, and were placed in PAXgene Blood
RNA tubes (PreAnalytiX GmbH). The patients were recruited
from Senegal, at the Center of Cancerology, Aristide le Dantec
Hospital (Joliot-Curie Institute, Dakar, Senegal) and at the
Gaspard Camara Health Center (Dakar, Senegal) between
January 2016 and December 2017. The CTR subjects included
in the study were also assessed at the same hospital as the
patients (Aristide le Dantec Hospital). Since only cancer cases
are seen and treated at Aristide le Dantec Hospital, the CTR
subjects were initially identified at the North Health Center of
Yeumbeul (Dakar, Senegal), which provides regular consul-
tations for women, and the women were addressed to the
Aristide le Dantec Hospital to be included in the study if they
agreed to participate. The clinical diagnosis of CC and CIN1
was confirmed by a histological examination of the biopsies
and according to the inclusion criteria, the patients with
CC and CINI did not exhibit other malignancies or serious
medical conditions, and patients with CC did not receive
chemotherapy, radiotherapy or hormonal treatment prior to
surgery. The CTR subjects were composed of healthy women
free from cancer and CIN (colposcopy and Pap smear were
performed to control for CIN) and without a family history
of cancer.

All subjects signed an informed consent form and the
study was approved by the Ethical and Scientific Committee
of Cheikh Anta DIOP University of Dakar (approval
no. 0197/2016/CER/UCAD). Data on all the patients and CTR
subjects collected included information on socio-demographic
and epidemiological characteristics, such as age, marital status,
type of marriage (polygamy vs. monogamy), cigarette smoking,
alcohol consumption, reproductive history (menarche, parity
and gravidity), sexual history (lifetime, number of sexual
partners, age at first intercourse), family history of cancer, and
medication and supplement use. The clinical and histopatho-
logical characteristics of the patients included in the present
study are presented in Tables I and II.

Phenotype assessment. All women had a colposcopy and a Pap
smear, to provide a new diagnosis for the presence or absence
of dysplasia. Colposcopy and histology were performed for
patients with CIN to assess the severity of dysplasia, and then
patients with CIN2 (middle-grade) or CIN3 were removed to
avoid CIN patients with cancer. Finally, women with CC had
a gynecological examination, biopsy, pelvic and lumbo-aortic
MRI, pulmonary radiography, thoraco-abdomino-pelvic scan,
cystoscopy and rectoscopy. The pelvic and the lumbo-aortic
MRI allows for assessment of cervical size, to study exten-
sion to the rectovaginal septum, to the uterine isthmus
and to the lymph nodes, and evaluates renal integrity. The
thoraco-abdomino-pelvic scan was performed to assess liver,
lung and bone metastases, and peritoneal carcinomatosis.
The cystoscopy and rectoscopy were performed in cases of
suspected bladder and kidney damage.

Whole blood collection and RNA isolation. Whole blood
samples (2.5 ml) were collected into PAXgene Blood RNA
tubes and stored at room temperature for 3 h, to achieve
complete lysis of the blood cells, and immediate and persis-
tent RNA stabilization. The PAXgene Blood RNA Kit
(PreAnalytiX GmbH) was used to isolate PBMCs from the
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Table I. Clinical features of CC, CIN1 and CTR groups.

Characteristic CC (n=31) CIN1 (n=27) CTR (n=29)
Age range, years 28-75 25-59 20-61
Median age, years 53.58 42.66 29.65
Marital status
Polygamy, % (n) 67.74% (21) 37.04% (10) 10.34% (3)
Monogamy, % (n) 32.26% (10) 62.96% (17) 27.59% (8)

0% (0)

62.07% (18)

Unmarried, % (n) 0% (0)
Tobacco smoking

Yes, % (n) 0% (0)

No, % (n) 100% (31)
Alcohol consumption

Yes, % (n) 0% (0)

No, % (n) 100% (31)
Oral contraceptive use

Yes, % (n) 22.58% (7)

No, % (n) 77.42% (24)
Gravidity

<5, % (n) 19.35% (6)

=5, % (n) 80.65% (25)
Parity

<5, % (n) 22.58% (7)

=5, % (n) 77.42% (24)

3.70% (1)
96.30% (26)

345% (1)
96.55% (28)

0% (0) 0% (0)
100% (27) 100% (29)
85.19% (23) 24.14% (7)

14.81% (4) 75.86% (22)

59.26% (16)
40.74% (11)

86.21% (25)
13.79% (4)

77.78% (21)
22.22% (6)

89.66% (26)
10.34% (3)

CC, cervical cancer; CIN1, cervical intraepithelial neoplasia; CTR, control.

blood and to then extract RNA, according to the manufacturer's
protocol. RNA quality was determined by detecting 28S/18S
rRNA peaks with an Agilent Bioanalyzer 2100 (Agilent
Technologies, Inc.). Total yield of RNA (ng) was determined
using a NanoDrop ND-1000 spectrophotometer (NanoDrop;
Thermo Fisher Scientific, Inc.). All samples presented an RNA
integrity number of >7.0 and a 28S:18S rRNA ratio of >1.0.

Amplification and hybridization. Total RNA was reverse tran-
scribed, amplified and purified using TargetAmp™-Nano-g
Biotin-aRNA Labeling Kit for Illumina® Expression
BeadChip® (cat. no. TAN07924-142; Epicentre; Illumina,
Inc.). Briefly, 100 ng RNA was reverse transcribed to synthe-
size the first strand of cDNA using the reverse transcriptase
SuperScript IIT (Invitrogen; Thermo Fisher Scientific,
Inc.) with the kit TargetAmp™-Nano-g Biotin-aRNA
Labeling Kit for Illumina® Expression BeadChip® (cat.
no. TAN07924-142; Epicentre; Illumina, Inc.). The mixture
was heated to 65°C for 5 min and incubated on ice for =1 min.
This step was followed by second-strand synthesis using the
thermocycler 9600 (QuantGene, Inc.) (65°C for 10 min, then
80°C for 3 min, followed by cooling on ice and maintenance
at -80°C). Subsequently, double-stranded cDNA was tran-
scribed and amplified in vitro to synthesize biotin-labeled
complementary mRNA (cCRNA) by incorporating biotin-CTP
and biotin-UTP. The cRNA yield was measured at 260 nm
using the NanoDrop ND-1000 spectrophotometer. Finally,
750 ng of cRNA per sample was hybridized with beads

using [llumina Bead Chip Human 6v2 Arrays or a Human
HT-12 Expression Beadchip (Illumina, Inc.) profiling
48,701 transcripts per sample. The chips were stained with
streptavidin-Cye3 conjugate.

Data acquisition and preprocessing. Beadchips were scanned
on the Illumina BeadArray 500GX reader using the Illumina
BeadScan image data acquisition software (version 2.3.0.13;
Illumina, Inc.). Illumina GenomeStudio software (version 2.0.4;
Illumina, Inc.) was used for preliminary data analysis to
validate the experiments. Several quality metrics were evalu-
ated for each run: Variations in signal intensity, hybridization
signal, background signal and the background/noise ratio for
all the samples analyzed. GenomeStudio was then used to
compute the expression values as log2 ratios of the fluores-
cence intensities (experimental/common reference sample)
and to normalize the expression values using the ‘normalize
quantiles’ option. The normalized data were inspected using
principal component analysis (PCA) [prcomp from the Stats
R Package (17)] in order to detect outlier samples (Fig. S1).

Statistical methods. Differentially expressed genes (DEG)
across CC vs. CIN1, CC vs. CTR and CIN1 vs. CTR compari-
sons were identified from log2-transformed normalized
expression values using Linear Models for Microarray Data
(LIMMA, package version 3.48.0) and the unpaired moderated
t-test (18). The moderated t-test differs from the Student's t-test
through the calculation of an adjusted variance based on the
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Table II. Clinical characteristics of patients with cervical
cancer (n=31).

Characteristics % (n)

Tumor stage [FIGO (52)]
ITA 9.68% (3)
1B 29.03% (9)
IIIA 6.45% (2)
IVA 38.71% (12)
IVB 6.45% (2)
Unknown 9.68% (3)

Tumor differentiation

Well 41.94% (13)

Moderate 48.38% (15)

Poor 0% (0)

Unknown 9.68% (3)
Lymph node metastases

Positive 6.45% (2)

Negative 93.55% (29)
Tumor size, cm

<4 9.68% (3)

>4 90.32% (28)
Infiltration depth, mm

<15 9.68% (3)

>15 90.32% (28)
Vascular invasion

Yes 90.38% (28)

No 0% (0)

Unknown 9.68% (3)

variance of all genes analyzed. In order to take into account
the multiple testing across the three comparisons, the ‘global’
method from LIMMA was used that applies a false discovery
rate (FDR) correction (Benjamini-Hochberg procedure) to all
the tests together regardless of which probe or comparison
they relate (18,19). As a secondary analysis, the gene expres-
sion was compared between cancer at low stages (I and II,
n=12) with that of cancer at high stages (III and IV, n=16)
using LIMMA and the unpaired moderated t-test (18). The
FDR (Benjamini-Hochberg procedure) was applied indepen-
dently for this comparison (19). For all comparisons, a gene
was considered as a DEG with P,;<0.05 (P, obtained with
FDR correction) and log2 fold change (1og2FC) >11.

Hierarchical clustering of the log2-transformed normalized
data was performed with the hclust from the Stats R Package
R package (17) on the 182 significant genes (P,;<0.05, log2FC
>|11). In order to functionally determine these clusters, a Gene
Set Enrichment Analysis (GSEA) was performed to determine
the enriched Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways and Gene Ontology (GO) terms for each
cluster, using the Search Tool for the Retrieval of Interacting
Genes database 5 (https://string-db.org/version11.0) (20). The
top ranked KEGG pathways and GO terms were selected to
characterize the clusters.

Results

Patients. To explore the gene expression profile of immune
cells in patients with CC and CIN1, a transcriptomic analysis
was performed by comparing whole blood RNA from the
PBMCs of 31 patients with CC, 27 patients with CIN1 and
29 CTR subjects. All patients with CC had been diagnosed
with squamous cell carcinoma (100%), and were in stage IIA
(9.68%), 11B (29.03%), 1IIA (6.45%), IVA (38.71%) and
IVB (6.45%) at the time of diagnosis (Table II). Expression
data for 7,094 genes were available for differential expression
analysis after quality control.

PCA and a hierarchical clustering of samples were
performed to ensure the quality of the data. For the PCA,
one cluster was detected for CC, and one cluster was detected
for CIN1 and CTR, separated according to the first principal
component of the PCA (Fig. S1). The same groups were
observed in the hierarchical clustering; however, the CTR
sample 027 was more related to patients with CC and the CC
sample 020 was more related to CTR subjects (Fig. S2). In the
PCA, these samples were at the limit of the two clusters, thus
they were not removed from the analysis (Fig. S1).

As shown in Table I, there were differences between CTR,
CIN1 and CC samples regarding age, marital status, oral
contraceptive use, gravidity and parity showing the importance
of adding these parameters as covariates in the differential
gene expression analysis.

Gene expression profiles. A total of 182 DEGs were obtained
for the CC vs. CINI and CC vs. CTR comparisons (P,4;<0.05,
log2FC>I1l; Fig. 1; Table SI). By contrast, no significant DEGs
(P,4i<0.05, 1og2FC>I11) were observed between CIN1 and CTR
(Table SI), nor between cancer at low stages (I and II) and
cancer at high stages (III and I'V) (data not shown).

Similar DEG profiles were observed for the CTR
vs. CC and CIN1 vs. CC comparisons (Fig. 1). Notably,
136 genes were upregulated in patients with CC, with
98 upregulated compared with patients with CIN1 and
117 upregulated compared with the CTR subjects. In addi-
tion, there were 46 genes downregulated in patients with CC,
with 42 downregulated compared with patients with CIN1
and 11 downregulated compared with the CTR subjects. A
number of the genes that were not found in both the CTR vs.
CC and CIN1 vs. CC comparisons were still significant with
similar trends, but with a log2FC<I1l. The genes exhibiting the
highest 1og2FC and the strongest P-values for the CC vs. CTR
and CC vs. CIN1 comparisons were ILIR2, MMP9, ILISR]
and FKBP5 (Fig. 2; Table SI). The genes exhibiting the lowest
log2FC and the strongest P-values were TRA, CD27 and
STMN?3 for the CC vs. CTR comparison, and were RPL38,
FLT3LG and TRA for the CC vs. CIN1 comparison (Fig. S3).
The TRA gene exhibited the lowest log2FC and the strongest
P-values for the two comparisons. The strongest log2FC
values were found for genes upregulated in CC.

Clustering and GSEA. The 182 significant DEGs across the
three comparisons were analyzed by hierarchical clustering, in
order to detect expression pattern, and co-regulated and func-
tionally related genes. Subsequently, a GSEA was performed
on the KEGG pathways and GO terms for each cluster.
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Figure 1. Heatmap of differentially expressed genes between CC (n=31), CIN1 (n=27) and CTR (n=29) samples obtained by supervised hierarchical clustering.
Differentially expressed genes were obtained by unpaired t-test. Genes are organized by hierarchical clustering based on overall similarity in expression
patterns. This analysis was performed on log2-transformed normalized expression data. The rows are the genes; red represents relative expression greater than
the median expression level across all samples, and blue represents an expression level lower than the median. White indicates intermediate expression. The
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Figure 2. Dot plots of log2-transformed normalized expression of the genes exhibiting the highest log2FC and the strongest P-values for the CC vs. CTR and
CC vs. CIN1 comparisons. Differentially expressed genes were identified from log2-transformed normalized expression values using the Linear Models for
Microarray Data and a moderated t-test. (A) Expression levels of the ILIR2 gene. (B) Expression levels of the FKBP5 gene. (C) Expression levels of the MM P9
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Three main clusters (1-2-3) were distinguished (Fig. 1).
Cluster 1 was characterized by an enrichment of genes
upregulated in patients with CC compared with in individuals
in the CIN1 and CTR groups. The analysis of cluster 1
revealed an enrichment of genes included in the KEGG
pathways ‘IL-17 signaling pathway’ and ‘inflammatory bowel
disease’ (Table SII). Cluster 2 was composed of genes with
lower expression in patients with CC compared with in indi-
viduals in the CTR and CINI groups. The analysis of cluster 2
revealed an enrichment of genes belonging to the ‘ribosome’
and ‘cytokine-cytokine receptor interaction’ KEGG pathways
(Table SII). There were few genes in cluster 3 and they were
upregulated in patients with CC compared with in individuals
in the CIN1 and CTR groups; however, the FCs were larger
in the comparison with CIN1. There was no KEGG pathway
enriched for this cluster. The results of the enrichment anal-
ysis in GO terms were similar to those obtained for KEGG
pathway analysis for clusters 1 and 2 (Table SIII). Notably,
for cluster 1, GO terms related to immunity were obtained:
‘macrophage activation’ and ‘neutrophil aggregation’. For
cluster 2, GO terms related to DNA translation and immu-
nity were enriched: ‘SRP-dependent cotranslational protein
targeting to membrane’, ‘nuclear-transcribed mRNA cata-
bolic process, nonsense-mediated decay’, ‘viral transcription’,
‘translational initiation’, ‘establishment of protein localization
to membrane’, ‘cytoplasmic translation’, ‘ribosomal small
subunit assembly’, ‘ribosomal small subunit biogenesis’,
‘positive regulation of lymphocyte differentiation’ and ‘posi-
tive regulation of lymphocyte activation’ (Table SIIT). The
results for KEGG and GO enrichment were similar and we
obtained common genes in the pathways from KEGG and the
terms from GO (Tables SII and SIII). Genes in cluster 3 were
enriched in GO terms related to the immune response, specifi-
cally ‘response to virus’ and ‘cytokine-mediated signaling
pathway’ (Table SIII).

mRNA expression in the blood in other cancer studies. Since
blood-based biomarkers have become a major asset to detect
cancer, there have been several studies in this field regarding
various types of cancer. Zuo et al (21) developed a web-acces-
sible and comprehensive open resource database to provide
the mRNA expression landscape in blood. The present study
compared the set of top ranked genes in the blood of patients
with CC (genes exhibiting the highest log2FC and the stron-
gest P-values: ILIR2, MMP9, ILISRI and FKBPS5) and the
genes belonging to the enriched KEGG pathways (‘IL-17
signaling pathway’, ‘inflammatory bowel disease’, ‘ribosome’
and ‘cytokine-cytokine receptor interaction’; Table SII) to
those dysregulated in the PBMCs of patients with colorectal
cancer (988 genes with P<0.05) or lung cancer (779 genes
with P<0.05) available in this database. The gene TLR5 was
upregulated in patients with CC and was also upregulated
in patients with colorectal cancer. By contrast, the gene
ILSRAP was upregulated in patients with CC and down-
regulated in the blood of patients with lung and colorectal
cancer. Additionally, Ma et al (22) recently published an
RNAseq study in the blood of patients with CC (n=11) and
CINI (n=21) compared with CTR subjects (n=19) from China,
and identified nine significant genes that were confirmed by
reverse transcription-quantitative PCR in 83 CC, 32 CIN1

and 46 CTR samples (AGAPI, CDC42EP2, GPR84, GZMB,
KIF19, NUAKI, CIRI, DNAJAI and NDUFAI) (22). These
nine genes were searched among the entire transcriptomic
results of the present study but five were absent from the anal-
ysis (AGAPI, CDC42EP2, GRP84, KIF19 and NUAK]I) and
the other four were not significant (GZMB, CIRI, DNAJAI
and NDUFAI; P,;>0.05, log2FC<I1l). We could not test the
results obtained for the 182 DEGs in this previous study, since
the data were not available.

Discussion

Transcriptomic studies are a useful tool for assessing gene
expression levels in cancer, which can help improve the
understanding of disease etiology and discover possible
biomarkers (23). The transcriptomic analysis of PBMCs
offers a novel resource for a better understanding of the
interactions between the immune response and cancer cells,
and eventually for the identification of non-invasive tumor
biomarkers (15,16).

The present study explored the transcriptional profiles
of whole blood samples obtained from 31 patients with CC,
27 patients with CIN1 and 29 CTR individuals. Microarray
technology has been used to discriminate differences in gene
expression profiles in PBMCs. The present study identified
several genes, the expression levels of which differed between
the CINI, CC and CTR groups at P,;<0.05, log2FC>11.

No DEGs were observed between the CIN1 and CTR
groups. A power analysis by sample size was performed,
which indicated that the number of individuals in the present
study was largely sufficient to detect genes differentially
expressed between the CINI and CTR groups (data not
shown). It has been reported that the levels of pro-inflam-
matory cytokines in cervical tissues, such as IL-1, are higher
in CIN compared with CTR, and are even higher in CIN3
compared with CINI1 (24). Since the present study assessed
PBMCs, it may be hypothesized that the inflammation in
CINI remains local and smaller compared with high grade
CIN, thus no difference was observed at the level of PBMCs
when comparing CIN1 with CTR and explaining the absence
of significant DEGs. The lack of DEGs between CIN1 and
CTR suggested low or no dysregulation of gene expression
in patients with CIN1. The lack of significant differences
between the cancer stages (low vs. high) may be explained
by the small sample size or an earlier impact of the identified
genes on carcinogenesis, thus leading to less and finally no
strong differences in gene expression in PBMCs between the
cancer stages. The absence of DEGs between the CIN1 and
CTR groups, and between cancer stages should be confirmed
in an independent cohort.

The present study identified 182 genes for which expres-
sion differed between CC, CIN and CTR groups. The genes
with the highest fold changes and the strongest P-values in CC
compared with CTR or CIN1 were ILIR2, MMP9,ILISRI and
FKBP5. Notably, the proteins encoded by IL/R2 and ILISRI
are cytokine receptors that belong to the IL-1 receptor family
and to a gene cluster on chromosome 2q12.IL-1R-2 binds IL-1a,
IL-1p and IL-1R-1/IL-1RN, and acts as a decoy receptor that
inhibits the activity of IL-1, whereas IL-18R-1 binds IL-18 and
IL-18RACP activating similar pathway as that of IL-1 (25,26).
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Genetic variations of /L/R2 have been shown to be associated
with the risk of CC and gall bladder cancer (27,28). Moreover,
several studies in various types of cancer have reported a
difference in the expression of /L/R2 in tumor tissue or in the
tumor microenvironment, and it has been reported as a poten-
tial prognostic or therapeutic target in several analyses (29,30).
IL18 has been identified as a putative contributor to viral
pathogenesis or carcinogenesis in CC (31). Additionally, the
IL-18 pathway may have a role in immunotherapeutic interven-
tion in cancer (32). The present results on the IL-1 superfamily
are in agreement with previous results, and emphasize the
importance of investigating these genes and the IL-1 pathway
as potential biomarkers or for immunotherapies in CC. The
MMP9 gene is located on chromosome 20q13 and is involved
in proteolytic degradation of the extracellular matrix (ECM),
alterations in cell-cell and cell-ECM interactions, cleavage of
cell surface proteins and cleavage of proteins in the extracel-
lular environment (33). Since several important processes of
carcinogenesis are related to the extracellular environment,
MMP-9 has been widely associated with cancer pathologies.
In the case of CC, MMP9 expression has been reported to be
elevated in tumor tissue and in the plasma of patients with CC
in two other studies (34,35). These studies identified MMP9 as
a useful biomarker in the diagnosis of CC in combination with
other biomarkers. The protein encoded by FKBP5 located on
chromosome 6p21 is a member of the immunophilin protein
family. It has been demonstrated that FKBP5 may serve a
significant role in modulating rapamycin treatment resistance
and could improve the sensitivity of rapamycin-resistant cells
to rapamycin treatment for cancer (36). The gene with the
lowest fold changes and highest P-values for the CC vs. CTR
or vs. CIN1 comparisons was TRA. TRA encodes the T-cell
receptor o which is a part of the aff T-cell receptor (TCR)
complex. The TCR complex is expressed at the surface of
T cells and is responsible for recognizing fragments of antigen
bound to major histocompatibility complex molecules for
the activation of the T-cell response (37). This association is
thus very relevant to cancer since tumor escape from immune
destruction has been widely described (38). It would be very
interesting to understand the molecular etiology of this modu-
lation of TCR expression in CC. Notably, TCR cell therapies
are currently being tested in several types of advanced cancer
indicating that this technology is likely safe and prospectively
efficacious (39).

In the present study, clustering and GSEA allowed the
identification of pathways and genes that may be altered in
patients with CC. For genes with a higher expression in CC
compared with in CIN1 and CTR groups, genes were revealed
to be enriched in ‘IL-17 signaling pathway’ and ‘inflamma-
tory bowel disease’. IL-17 is the founding member of a novel
family of inflammatory cytokines. Notably, it has been shown
that IL-17 can promote the migration and invasion of CC cells
by upregulating MMP2 and MMP9 expression, and down-
regulating TIMPI and TIMP?2 expression via the p38/NF-kB
signaling pathway (40). This result could reflect the inflam-
matory state of patients with CC and the role of inflammatory
cytokines in response to cancer. The ‘inflammatory bowel
disease’ pathway is characterized by chronic inflammation
of the gastrointestinal tract due to environmental and genetic
factors, infectious microbes and the dysregulated immune

system. This result may be related once again to the chronic
inflammation of patients with cancer. For genes with a lower
expression in CC compared with in CIN1 and CTR groups,
pathways related to ‘ribosome’ and ‘cytokine-cytokine
receptor interaction’ were enriched. The ribosome is an
intracellular organelle, consisting of RNA and protein,
which is a factory for the production of proteins by transla-
tion of mRNA (41). The link between the ribosome and the
innate immune response has been established and it has been
reported that translational inhibition could trigger inflamma-
tion through IL-1p signaling (42). Thus, the downregulation
of genes related to the ribosome in the patients with CC in
the present study could reflect the chronic inflammatory state
of these patients. The ‘cytokine-cytokine receptor interaction’
pathway contains cytokines and their receptors grouped by
structure into different families. Dysregulation in circulating
cytokine levels has been reported to be associated with the
presence of numerous types of cancer (43). For example, IL-6
levels are associated with renal cell carcinoma metastasis. The
genes CD27, CCR7, CXCRS5 and LTB, belonging to the ‘cyto-
kine-cytokine receptor interaction’ pathway, deserve deeper
investigation and could provide information on circulating
cytokines of interest in CC.

The analysis of gene expression in PBMCs in other types of
cancer has identified TLR5 and ILRAPIS8 genes (21). Notably,
these two genes belong to the ‘inflammatory bowel disease’
pathway, confirming the importance of immune system dereg-
ulation. More specifically, comparison of the present findings
with those of an RNAseq study in PBMCs from Chinese
patients with CC (22) revealed that the significant results of
the previous study were not replicated in the present analysis.
This discrepancy could be explained by several differences
in the methods, including the number of patients in the two
cohorts, the techniques used to measure gene expression
(RNAseq/cDNA microarray) and the geographical origins of
the patients (44).

In the present study, the results were mostly related to
inflammation. There are several lines of evidence indicating
that inflammation likely has a role in HPV-associated carci-
nogenesis (45), and this is confirmed by the present results. A
recent study also demonstrated that the levels of circulating
inflammatory markers were significantly increased in patients
with HPV-positive CC compared with those in healthy
controls (46). These results and those of the present study
underline the high levels of circulating inflammatory cytokines
in patients with CC and thus the systemic inflammation (47).
Several investigations have been performed on the possible
use of non-steroidal anti-inflammatory agents (NSAIDs) or
steroids as preventive or as therapeutic treatment for CC. The
effectiveness of NSAIDs to induce regression and prevent the
progression of CIN toward cancer provided no convincing data
to support the benefit for NSAIDs in the treatment of CIN (48).
The use of NSAIDs or steroids as therapeutic drugs has been
tested in several types of cancer, and studies have highlighted
the antitumor effects of the two types of anti-inflammatory
molecules in CC (49-51). The present results emphasized the
interest of investigating the role of anti-inflammatory drugs as
possible treatment strategies in CC.

To the best of our knowledge, the present study is the first
transcriptomic study assessing PBMCs in African patients
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with CC; notably, this population may be at a higher risk of CC
as the HPV vaccine is not widely available. The present study
detected several dysregulated genes and pathways in patients
with CC compared with in CTR individuals and patients with
CINI1. These two latter groups exhibited a highly similar gene
expression profile, whereas the demographics (e.g. parity,
gravidity) of the patients with CIN1 were much closer to the
patients with CC, which strengthens these results. Globally,
the results pointed directly or indirectly to inflammation, and
notably to the IL-1 pathway. These findings could reflect the
dysregulation of proinflammatory cytokines in the PBMCs
of patients with CC and thus to an underlying inflamma-
tory/immunological disorder. Notably, the association with the
ribosome system identifies novel fields of investigation for CC.
The use of PBMCs in the present study offers an approach to
understand the immune response in CC. It will be necessary to
perform replication and further investigations to better identify
the specific role of various blood cell types (e.g. granulocytes,
monocytes, lymphocytes) and to better understand the mecha-
nisms at stake. As for any genomic study, the results obtained
in the present study require replication in independent cohorts
in order to be fully validated. All of the genes and pathways
identified as relevant in the present study deserve additional
investigations to confirm their role and explore their potential
as therapeutics or as biomarkers.

Acknowledgements
Not applicable.
Funding

This work was financed by the Senegalese Ministry of
Higher Education who granted a PhD fellowship to MN, by
the French Ministry of Cooperation who provided a grant for
international travel for MN, and by the ANR grant (approval
no. ANR-16-CE27-0021-01), which financed RMS.

Availability of data and materials

The datasets generated and/or analyzed during the current
study are available in the ‘cervical_cancer’ repository (acces-
sion number: TF-1210-TL), http://griv.org/cervical _cancer/.

Authors' contributions

MN, GD, MT, MS and AD conducted the research and investi-
gation process, specifically designing the study and performing
the data collection. CD, MN and JFD performed the genomics
experiments. CC, JLS, RMS and SLC performed the statistical
analysis of the data. MN, SLC, JN, AT and JFZ participated in
the analysis and the interpretation of the results. MN, SCL and
JFZ wrote the draft of the paper. JN, RMS and AT provided
a critical review of the draft. All authors have contributed to,
and have read and approved the final manuscript.

Ethics approval and consent to participate

All patients signed the informed consent form and the
study was approved by the Ethical and Scientific committee

of Cheikh Anta Diop of Dakar University (approval
no. 0197/2016/CER/UCAD).

Patient consent for publication

Not applicable.

Competing interests

The authors confirmed they had no competing interests.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A and Bray F: Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin 71: 209-249, 2021.

2. Woodman CB, Collins S, Winter H, Bailey A, Ellis J, Prior P,
Yates M, Rollason TP and Young LS: Natural history of cervical
human papillomavirus infection in young women: A longitudinal
cohort study. Lancet 357: 1831-1836, 2001.

3. Hammer A, Rositch A, Qeadan F, Gravitt PE and Blaakaer J:
Age-specific prevalence of HPV16/18 genotypes in cervical
cancer: A systematic review and meta-analysis. Int J Cancer 138:
2795-2803, 2016.

4. Doorbar J, Quint W, Banks L, Bravo IG, Stoler M, Broker TR and
Stanley MA: The biology and life-cycle of human papillomavi-
ruses. Vaccine 30 (Suppl 5): F55-F70, 2012.

5. Duensing S and Miinger K: Mechanisms of genomic instability
in human cancer: Insights from studies with human papilloma-
virus oncoproteins. Int J Cancer 109: 157-162, 2004.

6. Kjellberg L, Hallmans G, Ahren AM, Johansson R, Bergman F,
Wadell G, Angstrom T and Dillner J: Smoking, diet, preg-
nancy and oral contraceptive use as risk factors for cervical
intra-epithelial neoplasia in relation to human papillomavirus
infection. Br J Cancer 82: 1332-1338, 2000.

7. Agarwal SM, Raghav D, Singh H and Raghava GPS: CCDB:
A curated database of genes involved in cervix cancer. Nucleic
Acids Res 39: D975-D979, 2011.

8. Almonte M, Sasieni P and Cuzick J: Incorporating human
papillomavirus testing into cytological screening in the era of
prophylactic vaccines. Best Pract Res Clin Obstet Gynaecol 25:
617-629, 2011.

9. Meggiolaro A, Unim B, Semyonov L, Miccoli S, Maffongelli E
and La Torre G: The role of Pap test screening against cervical
cancer: A systematic review and meta-analysis. Clin Ter 167:
124-139, 2016.

10. Leinonen M, Nieminen P, Kotaniemi-Talonen L, Malila N,
Tarkkanen J, Laurila P and Anttila A: Age-specific evaluation
of primary human papillomavirus screening vs. conventional
cytology in a randomized setting. J Natl Cancer Inst 101:
1612-1623, 2009.

11. Huh WK, Joura EA, Giuliano AR, Iversen OE, de Andrade RP,
Ault KA, Bartholomew D, Cestero RM, Fedrizzi EN,
Hirschberg AL, et al: Final efficacy, immunogenicity, and
safety analyses of a nine-valent human papillomavirus vaccine
in women aged 16-26 years: A randomised, double-blind trial.
Lancet 390: 2143-2159, 2017.

12. Polonijo AN and Carpiano RM: Social inequalities in adolescent
human papillomavirus (HPV) vaccination: A test of fundamental
cause theory. Soc Sci Med 82: 115-125, 2013.

13. Dasari S, Wudayagiri R and Valluru L: Cervical cancer:
Biomarkers for diagnosis and treatment. Clin Chim Acta 445:
7-11,2015.

14. Kulasingam V, Pavlou MP and Diamandis EP: Integrating
high-throughput technologies in the quest for effective biomarkers
for ovarian cancer. Nat Rev Cancer 10: 371-378, 2010.

15. Ganepola GA, Nizin J, Rutledge JR and Chang DH: Use of
blood-based biomarkers for early diagnosis and surveillance
of colorectal cancer. World J Gastrointest Oncol 6: 83-97,
2014.

16. Xu Y, Xu Q, Yang L, Ye X, Liu F, Wu F, Ni S, Tan C, Cai G,
Meng X, et al: Identification and validation of a blood-based
18-gene expression signature in colorectal cancer. Clin Cancer
Res 19: 3039-3049, 2013.

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
1
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120



P — OO0 dA N AW —

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

W LW W W LW W W W
~N N R WD = O

39
40
41
42
43
44
45
46
47
48

[V, BNV, BV, BV, BV BV, BV BNV BV, )|
O 0 Nt AW N~ O

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

ONCOLOGY REPORTS 00:

R Core Team: R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
2018. https://www.R-project.org/.

Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W and
Smyth GK: Limma powers differential expression analyses for
RNA-sequencing and microarray studies. Nucleic Acids Res 43:
e47,2015.

Benjamini Y and Hochberg Y: Controlling the false discovery
rate: A practical and powerful approach to multiple testing.
J Royal Statistical Society: Series B (Methodological) 57:
289-300, 1995.

Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S,
Huerta-Cepas J, Simonovic M, Doncheva NT, Morris JH,
Bork P, et al: STRING vl11: Protein-protein association networks
with increased coverage, supporting functional discovery in
genome-wide experimental datasets. Nucleic Acids Res 47:
D607-D613, 2019.

Zuo Z, Hu H, Xu Q, Luo X, Peng D, Zhu K, Zhao Q, Xie Y
and Ren J : BBCancer: An expression atlas of blood-based
biomarkers in the early diagnosis of cancers. Nucleic Acids
Res 48: D789-D796, 2020.

Ma Q, Shao Y, Chen W, Quan C, Zhu Y, Xu X, Zhou Z and
Wang S: Discovery of candidate gene expression signatures in
peripheral blood for the screening of cervical cancer. Biomark
Med 14: 109-118, 2020.

Sotiriou C and Piccart MJ: Taking gene-expression profiling to
the clinic: when will molecular signatures become relevant to
patient care? Nat Rev Cancer 7: 545-553, 2007.

Carrero YN, Callejas DE and Mosquera JA: In situ immuno-
pathological events in human cervical intraepithelial neoplasia
and cervical cancer: Review. Transl Oncol 14: 101058, 2021.
Colotta F, Dower SK, Sims JE and Mantovani A: The type II
‘decoy’ receptor: A novel regulatory pathway for interleukin 1.
Immunol Today 15: 562-566, 1994.

Dinarello CA: Interleukin-18. Methods 19: 121-132, 1999.

Niu F, Wang T, LiJ, Yan M, Li D, Li B and Jin T: The impact of
genetic variants in ILIR2 on cervical cancer risk among Uygur
females from China: A case-control study. Mol Genet Genomic
Med 7: 00516, 2019.

Mhatre S, Wang Z, Nagrani R, Badwe R, Chiplunkar S, Mittal B,
Yadav S, Zhang H, Chung CC, Patil P, er al: Common genetic
variation and risk of gallbladder cancer in India: A case-control
genome-wide association study. Lancet Oncol 18: 535-544, 2017.
Laios A, O'Toole SA, Flavin R, Martin C, Ring M, Gleeson N,
D'Arcy T,McGuinness EP, Sheils O, Sheppard BL and O'Leary JJ:
An integrative model for recurrence in ovarian cancer. Mol
Cancer 7: 8, 2008.

Autenshlyus A, Arkhipov S, Mikhailova E, Marinkin I,
Arkhipova V and Varaksin N: The relationship between cytokine
production, CSF2RA, and IL1R2 expression in mammary adeno-
carcinoma, tumor histopathological parameters, and lymph node
metastasis. Technol Cancer Res Treat 18: 1533033819883626, 2019.
Lee SJ, Cho YS, Cho MC, Shim JH, Lee KA, Ko KK, Choe YK,
Park SN, Hoshino T, Kim S, et al: Both E6 and E7 oncoproteins
of human papillomavirus 16 inhibit IL-18-induced IFN-gamma
production in human peripheral blood mononuclear and NK
cells. J Immunol 167: 497-504, 2001.

Zhou T, Damsky W, Weizman OE, McGeary MK, Hartmann KP,
Rosen CE, Fischer S, Jackson R, Flavell RA, Wang J, et al:
IL-18BP is a secreted immune checkpoint and barrier to IL-18
immunotherapy. Nature 583: 609-614, 2020.

Huang H: Matrix metalloproteinase-9 (MMP-9) as a cancer
biomarker and MMP-9 biosensors: Recent advances. Sensors
(Basel) 18: E3249, 2018.

Li Y, Wu T, Zhang B, Yao Y and Yin G: Matrix metallopro-
teinase-9 is a prognostic marker for patients with cervical cancer.
Med Oncol 29: 3394-3399, 2012.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

OR-283409, 0000 9

Zajkowska M, Zbucka-Kretowska M, Sidorkiewicz I,
Lubowicka E, Bedkowska GE, Gacuta E, Szmitkowski M and
Lawicki S: Human plasma levels of vascular endothelial growth
factor, matrix metalloproteinase 9, and tissue inhibitor of matrix
metalloproteinase 1 and their applicability as tumor markers in
diagnoses of cervical cancer based on ROC analysis. Cancer
Control 25: 1073274818789357, 2018.

Jiang W, Cazacu S, Xiang C, Zenklusen JC, Fine HA, Berens M,
Armstrong B, Brodie C and Mikkelsen T: FK506 binding protein
mediates glioma cell growth and sensitivity to rapamycin treat-
ment by regulating NF-kappaB signaling pathway. Neoplasia 10:
235-243,2008.

Davis MM and Bjorkman PJ: T-cell antigen receptor genes and
T-cell recognition. Nature 334: 395-402, 1988.

Hanahan D: Hallmarks of cancer: New dimensions. Cancer
Discov 12: 31-46, 2022.

Tsimberidou AM, Van Morris K, Vo HH, Eck S, Lin YF,
Rivas JM and Andersson BS: T-cell receptor-based therapy:
An innovative therapeutic approach for solid tumors. J Hematol
Oncol 14: 102, 2021.

Feng M, Wang Y, Chen K, Bian Z, Jinfang Wu and Gao Q: IL-17A
promotes the migration and invasiveness of cervical cancer cells
by coordinately activating MMPs expression via the p38/NF-xB
signal pathway. PLoS One 9: 108502, 2014.

Lafontaine DL and DTollervey D: The function and synthesis of
ribosomes. Nat Rev Mol Cell Biol 2: 514-520, 2001.

Vyleta ML, Wong J and Magun BE: Suppression of ribosomal
function triggers innate immune signaling through activation of
the NLRP3 inflammasome. PLoS One 7: 36044, 2012.
Kartikasari AER, Huertas CS, Mitchell A and Plebanski M:
Tumor-induced inflammatory cytokines and the emerging
diagnostic devices for cancer detection and prognosis. Front
Oncol 11: 692142, 2021.

Rachinger N, Fischer S, Bohme I, Linck-Paulus L, Kuphal S,
Kappelmann-Fenzl M and Bosserhoff AK: Loss of gene informa-
tion: discrepancies between RNA sequencing, cDNA microarray,
and qRT-PCR. Int J Mol Sci 22: 9349, 2021.

Hemmat N and Bannazadeh Baghi H: Association of human
papillomavirus infection and inflammation in cervical cancer.
Pathog Dis 77: tz048, 2019.

Vitkauskaite A, Urboniene D, Celiesiute J, Jariene K,
Skrodeniene E, Nadisauskiene RJ and Vaitkiene D: Circulating
inflammatory markers in cervical cancer patients and healthy
controls. J Immunotoxicol 17: 105-109, 2020.

Todoric J, Antonucci L and Karin M: Targeting inflammation
in cancer prevention and therapy. Cancer Prev Res (Phila) 9:
895-905, 2016.

Grabosch SM, Shariff OM and Helm CW: Non-steroidal
anti-inflammatory agents to induce regression and prevent the
progression of cervical intraepithelial neoplasia. Cochrane
Database Syst Rev 2: CD004121, 2018.

Lin CL, Lee CH, Chen CM, Cheng CW, Chen PN, Ying TH
and Hsieh YH: Protodioscin induces apoptosis through
ROS-mediated endoplasmic reticulum stress via the JNK/p38
activation pathways in human cervical cancer cells. Cell Physiol
Biochem 46: 322-334, 2018.

Ye Y,Wang X, Jeschke U and von Schonfeldt V: COX-2-PGE2-EPs
in gynecological cancers. Arch Gynecol Obstet 301: 1365-1375,
2020.

Yim EK, Lee MJ, Lee KH, Um SJ and Park JS: Antiproliferative
and antiviral mechanisms of ursolic acid and dexamethasone
in cervical carcinoma cell lines. Int J Gynecol Cancer 16:
2023-2031, 2006.

Bhatla N, Berek JS, Cuello Fredes M, Denny LA, Grenman S,
Karunaratne K, Kehoe ST, Konishi I, Olawaiye AB, Prat J, et al:
Revised FIGO staging for carcinoma of the cervix uteri.
Int J Gynaecol Obstet 145: 129-135, 2019.

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
1
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120



