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Abstract 
 
Background Cytokines and chemokines play a crucial role in initiating the early immune response against High-

Risk Human papillomavirus (HR-HPV) infection, hence preventing the progression of cervical lesions 
to cervical cancer (CC). The C-X-C motif chemokine ligand 10 (CXCL10) interacts with C-X-C motif 
chemokine receptor 3 (CXCR3) to facilitate immune responses by stimulating and attracting specific 
types of immune cells. 

Objective To explore the role of the CXCR3 in women infected or uninfected with HR-HPV-induced tumors.  

Methods The study included 100 female patients diagnosed with cervical intraepithelial neoplasia (CIN); 
twenty-two samples were shown to be HR-HPV positive, while thirteen samples were not. The 
presence of HR-HPV was confirmed using a real-time polymerase chain reaction (PCR) kit from 
Sacase, Italy and 20 apparently healthy women as a control group. Two-step reverse transcription 
PCR (RT-qPCR) was used to assess the expression of CXCR3 in both CC cells and cervical neoplasia in 

different stages {atypical squamous cells of undetermined significance (ASC-US), CIN I&II, and high-
grade squamous intraepithelial lesion (HSIL)} samples.  

Results Results showed that gene expression of CXCR3 level was substantially and significantly upregulated 
(p <0.001) in the cervix tissue of women with CIN in (early and moderated) stages of disease-
infected HR-HPV but not in the control group. On the other hand, at late stages of disease (HSIL) 
and CC stage, the level of CXCR3 was significantly downregulated (p >0.05). Receiver operating 
characteristic analysis showed that CXCR3 had 73% sensitivity with 100% specificity. 

Conclusion The results suggested that these molecules may serve as potential biomarkers for CIN progression 
of women infected with HPV and as an indicator of immune responses in surviving patients. Also, 
reductions in CXCR3 gene expression may reflect viral immune escape/or viral clearances. 
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Introduction 
hemokines and cytokines are recognized 
for their ability to interact  with various 
types of immune cells, such as T cells, 

immature dendritic cells, and monocytes, in 
the inflamed region (1). Chemokines such as C-
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X-C motif chemokine receptor 3 (CXCR3) and C-
X-C motif chemokine ligand 10 (CXCL10) play 
essential functions in attracting immune cells 
to the genital tract tissue. When CXCL10 binds 
to CXCR3, it stimulates several types of 
immune cells, including (monocytes, T-helper 
cell type 1, CD8+ T cells, natural killer T cells, 
NK cells, B cells, dendritic cells, and some 
cancer cells) (2). Cells expressing CXCR3 include 
activated effector CD8+ T-cells, NK cells, 
differentiated CD4+ T cells, and epithelial cells 
(3).  
The chemokine receptor CXCR3 is a G protein-
coupled receptor that is mainly plays role in 
attracting certain types of immune cells, 
suppression of angiogenesis and activation of T 
helper immune response to infection (4). 
Dendritic cells secreting CXCL10 are actively 
engaged with T cells, indicating that 
CXCL10/CXCR3 plays a significant role in the 
interactions between these cells (5).  
Human Papillomavirus (HPV) is the most 
common    sexually    transmitted    virus 
worldwide, and over 180 genotypes of the 
virus have been reported. HPV infection in men 
has been considered to be transient, with a 
main clinical presentation being warts in the 
external genitals (6). Infection with HPV, 
stimulates the immune response and attracts 
the accumulation of leukocytes by chemokines 
that are the largest subfamily cytokines that 
stimulate the movement of leukocytes towards 
a specific target (7,8). HPV has several 
mechanisms to inhibit the immune response, 
including the dysregulation of chemokine 
expression (up-regulation or down-regulation) 
(9). High-Risk HPV (HR-HPV) oncoproteins E6 
and E7, have a high interact affinity biding to 
regulatory immune proteins. E6/E7 
oncoproteins block expression immune gene 
and signaling pathways of immune system, 
which creates an overall immunosuppressive 
environment (10,11).  
Persisting infection with certain type of 
oncogenic HR-HPV is responsible for 
progression of precancerous lesions in the 
cervix, skin, head and neck, and esophageal 

head and neck. HPV DNA integrates into the 
genome of basal epithelial cells and infect 
keratinocytes; the major make-up of outer-
layer of skin, outer surface of the cervix and 
oral mucosa (12).  Human immune system can 
eliminate approximately 90% of the circulation 
HPV within six months, and persistent 
infections can arise from cervical intraepithelial 
neoplasia I (CIN I), which subsequently 
advances to CIN III and ultimately invasive 
carcinoma. Hence, chronic HR-HPV infection 
and altered immune surveillance may 
potentially serve as the precursors to cervical 
cancer (CC) (13,14). During the early stages, 
cervix lesions infected with HPV recruit 
Langerhans cells, NK T cells, NK cells, and 
dendritic cells, which play a crucial role in 
promoting an immune response against 
infection and pro-inflammatory through 
cytokines and chemokine (8).   
This study aimed to assess the circulating levels 
of circular CXCR3 in tissue swabs from females 
with cervicovaginal intraepithelial neoplasia 
(CIN) infected with human papillomavirus 
(HPV), to examine the relationship between 
circular CXCR3 and HPV infection, and to 
evaluate its potential use as a biomarker for 
HPV infection. 
 
Methods 
Clinical samples 
Thirty-five of exfoliated cervix swabs were 
included in this study. They were sub-grouped 
into three degrees with cervical lesion 
abnormalities with different stages of lesions 
{atypical squamous cells of undetermined 
significance (ASC-US), CIN I&II, and high-grade 
squamous intraepithelial lesion (HSIL)} and 
three cases with CC, they were all associated 
with HR-HPV infection, six with early stage of 
lesions (ASC-US) not infected with HR-HPV and 
twenty matched non-cervical lesions as a 
healthy control were included in this study. The 
identification of HR-HPVs was achieved 
through the extraction and purification of DNA 
from samples, followed by the amplification of 
14 specific high-risk genotypes by using real-
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time polymerase chain reaction (RT-PCR) with a 
kit provided by (Sacase, Italy). 
They were collected from the Gynecological 
Oncology Department of Baghdad Teaching 
Hospital from February to December 2022. 
Ethical approval has been warranted by the 
Ministry of Health (4924, 31/1/2022) and the 
Scientific Committee of the College of 
Biotechnology, Al-Nahrain University. The CC 
patients included in this study underwent 
chemotherapy or radiotherapy prior to surgery 
or biopsy. All tissue samples were rapidly 
stored at -80°C in virus transport media (VTM) 
media until use. Samples obtained from 
pregnant women, those under treatment and 
negative for both Pap smear and HR-HPV were 
excluded or those who had a total uterine or 
cervical resection were also excluded.  
 

 
 
 

RNA and RT-PCR 
The total RNA (1 μg) was extracted from cervix 
swab by TransZol Up Plus RNA kit and all RNA 
convert to cDNA by EasyScript First-Strand 
cDNA Synthesis Super Mix and Luna Universal 
qPCR Master Mix (2x) using fluorescent dye 
SYBR-Green kit following the manufactures 
manual. Sequence of primers is shown in Table 
1 and were prepared according to 
manufacturer (Macrogene, Korea) designed 
using the site 
https://www.ncbi.nlm.nih.gov/tools/primer-
blast/primertool. Reaction components of total 
20 μL consists of cDNA 5 μL (109 copies), 
nuclease free water 4 μL, reverse primer 0.5μL 
(0.25 μM), forward primer 0.5 μL (0.25 μM), 
master mix 10 μL (2x) (fluorescent day SYBR-
Green). Thermocycler conditions initial-
denaturation 95°C for 1 min, Denaturation 
95°C for 15 seconds, extension 60°C for 30 
seconds, melt curve 60-90°C for 1 sec, hold 4°C.

 
Table 1. Primer sequences designed for detection of CXCR3 and U6 

 

Primer                Sequence (5ʹ→3ʹ direction)   

CXCR3 primer pair Reference 

Forward  5′-TGCATCAGCTTTGACCGCTA-3′ This study 
Reverse  5′-GAAGTCAGACTGTGGGCGAA-3′ 

U6 primer pair 
Forward GCTTCGGCAGCACATATACTAAAAT 
Reverse  CGCTTCACGAATTTGCGTGTCAT 

 

 
Statistical analysis 
The software GraphPad PRISM 8 and IBM 
statistical package for social sciences (SPSS) 
version 27 were used to calculate the mean 
and standard error and P <0.05 was considered 
as a significant difference. Incorporating one-
way and two-way ANOVA to elucidate the 
effects of one or two independent variables on 
a dependent variable, respectively, while the 
addition of Receiver Operating Characteristic 
(ROC) curves would facilitate the evaluation of 
the diagnostic specificity and sensitivity ability 
of the test variables by calculating the area 

under the curve (AUC). Relative gene 
expression (Livak and Schmittgen, 2001) (15) 
was analyzed using CT value and 2-ΔΔCT 
method of target gene depending on a 
compared to endogenous control. The 
following formulae were used to determine the 
fold change: ΔCT = CT (target gene) – CT U6 
gene) 

 ΔΔCT = ΔCT (sample) – ΔCT (control average) 

 Fold change = 2^(-ΔΔCT) 

 Fold change = 2^(-ΔΔCT) of patients/Average 
2^(-ΔΔCT) of Controls 
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It was found that the control value was held to 
be 1, and it was discovered that samples with 
values that are less than 1 are downregulated, 
while samples with values that are more than 1 
are considered to be upregulated. 
 
Results 
Gene expression of chemokine receptor 
CXCR3  
To understand of the role of CXCR3 as (pro-
inflammatory or anti-inflammatory) in women 
with cervical lesions abnormalities, either with 

HR-HPV infection or without HR-HPV infection 
and CC, the mRNA expression was analyzed by 
using RT-qPCR. The gene expression was 
standardized to the level of a house-keeping 
gene (U6) was used as a standard for gene 
expression calculation by the fold change of 
2−ΔΔCt method. Results showed a significant 
negative correlation between mRNA CXCR3 
gene expression with disease progression, as 
shown in figure (1). 
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Figure 1. Quantitative gene expression of the CXCR3 at different stages of cervical lesions and 

cervical cancer. NS: P value >0.05, *= P value <0.05****= very high significant, HPV- = Not 
infected with human papilloma virus, HPV+= Infected with human papilloma virus. ASC-US = 

Atypical squamous cells of undetermined significance, CIN = Cervical intraepithelial neoplasia, 
HSIL = high-grade squamous intraepithelial lesion 

 
 
The expression level of CXCR3 was significantly 
increased at early stages of CIN of infected 
women with HR-HPV, the fold change values 
were 12 and 19, for ASC-US, CIN I/II, 
respectively. It was shown that the expression 
of this gene was significantly reduced with fold 
change of 0.5 and 2 at the stage of HSIL and CC 
patients respectively, compared to adjacent 

normal tissues. Interestingly, women with CIN 
early stage (ASC-US) and non-infected with HR-
HPV had a higher level of CXCR3 with fold 
change value of 25. These results indicate that 
expression of CXCR3 was involved an anti-
inflammatory chemokine in women infected or 
not infected HR-HPV-induced tumors and 
suffering from CIN associated with patient 
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survival, immune response, and viral clearance 
to HR-HPV infection at different stages of 
cervical lesions.  
 
Sensitivity and Specificity of CXCR3  
The predictive performance of CXCR3 gene 
expression was evaluated using the ROC curve 
analysis, as shown in figure (2). CXCR3 

demonstrated significant potential as a 
biomarker for the early immune response in 
cervical lesions with HPV infection. The analysis 
yielded an AUC of 0.8148 with a 95% 
confidence interval (CI) ranging from 0.6684 to 
0.9613. At a cut-off value greater than 8.078, 
CXCR3 expression achieved a sensitivity of 
73.33% and a specificity of 100%. 
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Figure 2. CXCR3 sensitivity and specificity of CXCR3 in infected women with HPV 
 

 
Discussion 
Cervical cancer caused by HR-HPV showed 
lower levels of CXCR3 and CXCL10 gene 
expression, which might indicate that the virus 
is avoiding the immune system or being cleared 
by it. HPV does not cause viremia, nor does it 
induce viral cytolysis or cell death, and viral 
replication and release are not associated with 
inflammation; this may explain why the level of 
CXCR3 at the ASC-US stage of HPV is higher 
than in CIN stages infected with HPV. 
Chemokines and their receptors play 
physiological and pathological function in the 
activation of immune cells, organs 
development, inflammatory responses and 
pathogen infection (16). They may also influence 
leukocyte movement and cell homing in tissues 
(7). Chronic inflammation in the genital tract 
and alteration in the immune response may be 
associated with the cancer progression (17).  The 
elevation of CXCL10 in tumor tissues stimulates 
T-cell polarization into effector T cells, which 

aids in the destruction of cancer cells, by 
attracting CXCR3 on activated type 1 of T 
helper and CD8+ T cells to inflame at tumor 
sites (18). The antiviral role of CXCR3 
suppressing infection with some type of virus 
by stimulation T helper type 1 responses (19). 
The upregulation or down regulation of CXCR3 
and its ligands (CXCL9, CXCL10, CXCL11) could 
help progression of several types of cancers 
includes cervical cancer (20). The present 
investigation revealed that CXCL10 expression 
is significantly increased in cervical tissues of 
patients infected with HR-HPV at different 
stages of disease or cervical cancer. The 
expression level of CXCR3 plays a crucial role in 
determining the CC TIME characteristics. 
Specifically, a decrease in CXCR3 expression 
correlates with a decreased presence of M1 
macrophages as well as block memory CD8+ T 
cells and CD4+ T cells (20). CXCR3-mediated T 
cell migration is important in clearing infections 
caused by percutaneous vaccinia virus, 



Allos & Naif, CXCR3 Expression in HPV‑Induced Cervical Neoplasia  

382 
 

 

protozoan parasite Toxoplasma gondii, and 
herpes simplex virus type 2 (21-23). CXCL10-
CXCR3 may well regulate PD-L1 expression 
through JAK and STAT signaling pathways in 
fibroblasts cells (24-26). Analysis of CXCR3 
expression levels in the cytoplasm and cytosol 
of 75 cancer cells from patients diagnosed with 
stage I/II breast cancer revealed that elevated 
CXCR3 expression correlates with reduced 
overall survival. Furthermore, CXCR3 
expression levels exhibited a positive 
correlation with tumor size, metastasis, and 
the number of affected lymph nodes (27). The 
expression level of CXCR3 in ovarian cancer 
was dramatically upregulated in both the main 
ovarian location and abdominal metastatic 
lesions. Indicating that CXCR3 may serve as a 
crucial biomarker for assessing the prognosis of 
ovarian cancer patients (28). In cancer patients, 
the production of CXCR3 is more closely 
associated with the development of lymph 
node metastasis. The results of this study 
suggest that CXCR3 is an independent risk (29). 
In conclusion, the results demonstrated that 
CXCR3 was highly expressed during HPV 
infection at early stages of cervical lesions. It 
has been demonstrated that, CXCR3 is helpful 
indictor for immune response for prevention of 
CIN development to late stage in the patient 
and prevent CC. The high expression of CXCR3 
may serve as immune stimulators (antitumor 
and antiviral) for disease progression, 
proliferation of cervical lesions infection with 
HR-HPV or other sexually transmitted diseases 
(STD) and for viral clearance. 
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