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Abstract

The roles of immunological and hormonal indicators in screening women with HPV infection
and cervical cancer (CC) were investigated. The present study was conducted in Diyala Prov-
ince during the period from January to March 2026. A total of 90 blood samples were col-
lected from women who visited Al-Batoul Teaching Hospital and women's clinics. Serum
levels of IL-1p3, IL-2R, FSH, and estrogen, as well as HPV, were detected using ELISA and
the Biorex technique. HPV-infected women represented 43.33% of the participants, women
with HPV and CC represented 10.00%, and HPV-negative women represented 46.67%. No
significant differences (p > 0.05) were observed among the study groups regarding marital
status, number of children, chronic diseases, and smoking. The highest levels of IL-1f3, IL-
2R, FSH, and estrogen were observed in women with HPV and CC, followed by HPV-in-
fected women, and then the control group. FExploratory ROC curve analysis showed high
within-sample discriminatory performance for IL-13, IL-2R, FSH, and estrogen in differenti-
ating HPV-infected women from controls and women with HPV-associated cervical cancer
from controls. However, the cutoff values, sensitivity, and specificity estimates were derived
and evaluated using the same study cohort and should therefore be considered exploratory
rather than clinically validated diagnostic measures. Spearman's rank correlation analysis in
HPV-infected women showed a significant negative correlation between IL-18 and estrogen
(p = —0.430, P = 0.006), and significant positive correlations between IL-2R and estrogen (p
= 0.386, P = 0.015) and between FSH and estrogen (p = 0.600, P < 0.001). No statistically
significant correlations were observed among the investigated biomarkers in the HPV-associ-
ated cervical cancer subgroup. Overall, HPV positivity and HPV-associated cervical cancer
were associated with higher serum levels of IL-1B3, I1-2R, FSH, and estrogen in the present
cohort. Further studies using larger independent cohorts are required to determine the clini-
cal relevance of these findings.
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1. Introduction

The most common sexually transmitted virus (STI) in the world is considered to be the hu-
man papillomavirus (HPV) (Khan er al, 2025). Despite its substantial public-health im-
portance, knowledge and awareness of HPV and its associated health risks may remain inad-
equate i some populations (Bakiri et al., 2023). This icosahedral virus has a double-stranded
DNA genome and is classified into the alpha, beta, gamma, mu, and nu genera of the Papil-
lomaviridae tamily according to the L1 sequence, which 1s the gene encoding the viral capsid.
More than 200 HPV genotypes have been identified and categorized as either high-risk (HR)
or low-risk (LR) HPV based on their carcinogenic potential (Osmani et al,, 2025). While
high-risk HPV types express oncogenic proteins and have the ability to promote tumor de-
velopment in the basal layers of infected tissues, thereby primarily causing cervical malig-
nancy, low-risk HPV types are commonly associated with genital warts and normal cervical
tissue (Karami et al, 2026).

It 1s essential to understand how HPV evades the immune system. The majority of HPV
infections are eliminated by the immune system, but approximately 10% persist, resulting in
lesions that may develop mnto cancer. HPV employs several strategies to evade immune de-
tection, including suppressing immune responses and altering immune cell recognition (Zhou
et al., 2025). Furthermore, HPV uses various mechanisms to evade the host immune re-
sponse, such as modifying cytokines associated with inflammation and cancer development,
as well as altering immune sensors. Cervical cancer progression and potential therapeutic ap-
proaches are greatly influenced by this complex interaction between HPV genes and the im-
mune system (Hernandez-Silva et al,, 2024).

The inflammatory process induced by HPV infection alters the concentrations of several
cytokines, including IL-6, IL-1f, and TNF-a. IL-1f activates several inflammatory pathways,
damages cervical epithelial DNA, upregulates additional inflammatory mediators and chem-
okines, suppresses cancer cell death, and accelerates disease progression (Saha et al., 2025).
A few studies have suggested mechanisms by which HPV oncoproteins inhibit IL-1 synthe-
sis. According to Niebler et al (2013), HPV16 E6 recruits EGAP to target pro-IL-1 for pro-
teasome-mediated degradation, thereby reducing IL-1 protein levels. In addition, HPV16
E6 suppresses IL-13 through a transcriptional mechanism dependent on IRF6 suppression
(Castagnino et al., 2022).

Interleukin-2 is one of the most extensively studied cytokines involved in T-cell survival
and proliferation. The IL-2R complex is formed when IL-2 binds to the I1-2 receptor. In
addition to monitoring disease activity, severity, and response to therapy, this complex may
assist in the diagnosis of certain immunological disorders and malignancies and predict the
benefits of specific therapeutic approaches (Lokau er al., 2024). Furthermore, IL-2R has been
the focus of numerous studies in cancer immunotherapy and has previously been shown to
enhance antitumor immunity in several cancers, particularly cervical cancer, melanoma, and
renal cell carcinoma (Buchbinder et al., 2025). Yasin et al. (2026) also considered IL-2R to
be a useful biomarker for assessing the stage of HPV disease.

Follicle-stimulating hormone (FSH), progesterone (P), estradiol (I£2), luteinizing hormone
(LH), prolactin (PRL), and testosterone (T) are the six sex hormones most commonly evalu-
ated i clinical testing. Sex hormones are closely associated with HPV replication and trans-
mission, and they also promote uterine growth (Wu et al, 2024). Follicle-simulating hor-
mone (FSH) and estrogen play important roles in the development of cervical cancer, which
is primarily caused by high-risk HPV infection. Elevated FSH levels are associated with in-
creased disease severity and a higher risk of cervical cancer, whereas estrogen promotes the
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expression of HPV E6/E7 oncogenes, thereby enhancing tumor development (Bertolazzi et
al., 2026).

The present study aimed to detect the roles of immunological biomarkers (IL-1f and 11~
2R) and hormonal biomarkers (FSH and estrogen) in screening women with HPV infection
alone as well as those with HPV-associated cervical cancer.

2. Materials and Methods

Sample Collection

The present investigation was conducted inDiyala Province from January to March 2026.
During this period, 90 blood samples were collected from women attending Al-Batoul Teach-
ing Hospital, the Oncology Center of Baqubah Teaching Hospital, and women's clinics across
Diyala Province. The sample included 39 women infected with HPV, 9 women with both
HPV infection and cervical cancer, and 42 women who were HPV-negative. Those 1n the
HPV-associated cervical cancer group had been hospitalized at the Oncology Center of Baqu-
bah Teaching Hospital and had previously received a cervical cancer diagnosis from specialist
physicians. Their cervical cancer status was confirmed through clinical records, and the par-
ticipants' demographic and clinical characteristics were documented.

Inclusion criteria

Women aged 21-75 years were included in the study. Based on the diagnostic approach used
here, participants were assigned to one of three groups: HPV-18 antigen-positive women,
HPV-18 antigen-positive women with cervical cancer, or HPV-negative controls.

Exclusion criteria

Pregnancy, menopause, hormonal therapy, autoimmune diseases, chronic inflammatory dis-
eases, recent infections, immunosuppressive medications, and, HPV-16, 31, 33, 45 geno-
types, bacterial infection, parasitic infections, fungal infections, no metastatic cervical cancer,
and previous cancer treatment.

Methods

The collected blood samples were centrifuged at 5000 rpm for 5 minutes to obtain serum.
HPV-18 positivity in serum was evaluated with a commercially available Human Papilloma-
virus Type 18 (HPV18) ELISA Kit (MyBioSource, Catalog No. MBS1611969), following the
manufacturer’s instructions. The assay was used for research purposes to assess HPV-18 pos-
1tivity in the study samples; HPV DNA testing and molecular genotyping were not performed.
Blood samples for hormonal measurements were collected on the second day of the men-
strual cycle to minimize physiological variation in FSH and estrogen concentrations across
the menstrual cycle. Serum HPV-18 antigen was measured with a commercially available en-
zyme-linked immunosorbent assay (ELISA), following the manufacturer's instructions. For
this study, HPV status was determined by whether HPV-18 antigen was detected. Because
HPV DNA testing and molecular genotyping were not performed, the findings indicate HPV -
18 antigen positivity rather than molecular confirmation of the HPV genotype. A Biorex an-
alyzer was used to determine the serum levels of FSH and estrogen in the participants.

Statistical Analysis

Hormonal and immunological indicators were expressed as mean + standard deviation. Stu-
dent's £test was performed to calculate the differences between two groups. One-way
ANOVA (Duncan's test) was used to determine differences among the mean values of the
indicators. Demographic characteristics were expressed as frequencies and percentages. Pear-
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son's chi-square test was performed to detect differences among percentages. Receiver oper-
ating characteristic (ROC) curve analysis was used to determine the area under the curve
(AUQ), cutoff values, sensitivity, and specificity of the biomarkers. A Pvalue < 0.05 was con-
sidered statistically significant. SPSS version 22.0 and GraphPad Prism version 10 were used
for the statistical analysis of the present investigation.

Separate age-adjusted binary logistic regression models were fitted for each immunological
and hormonal biomarker to account for age as a possible confounder. Age group was entered
as an ordinal covariate. Given the small number of women with HPV-associated cervical can-
cer and the possibility of separation, Firth penalized logistic regression was applied to limit
small-sample bias and produce more stable parameter estimates. Adjusted odds ratios (ORs)
and 95% confidence intervals (Cls) were reported. To avoid overfitting, each biomarker was
assessed in its own model.

Spearman's rank correlation coefficient assessed the relationships among immunological
and hormonal biomarkers. A P value < 0.05 was considered statistically significant.

3. Results

1. Prevalence of HPV Among Participants

The results of the current investigation showed that the distribution of HPV positivity among
the women participants (N = 90) was as follows: HPV-infected women (43.33%), women with
HPV and cervical cancer (10.00%), and HPV-negative women (46.67%) (Figure 1).
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Figure 1. Positivity of HPV among women

2. Baseline Characteristics of the Participants

The findings of the present investigation revealed significant differences (p < 0.05) in age dis-
tribution among the study groups. The age groups of 21-30, 31-40, and 41-50 years showed
the highest percentages among HPV-infected women (23.19%, 25.6%, and 17.9%, respec-
tively), whereas the age groups of 41-50, 51-60, and 61-70 years showed the highest percent-
ages among women with HPV and cervical cancer (22.2%, 66.7%, and 11.1%, respectively).
In contrast, the present study did not reveal significant differences (P > 0.05) among the study
groups with regard to marital status, having children, chronic discases, and smoking status

(Table 1).



Interleukins and hormonal biomarkers in cervical cancer screening.223
Table 1. Demographic and clinical characteristics of the participants.

Variables Categories Statis- HPV* (n= HPV + Cancer (n = Total P value
tic 39) 9)
Age groups 21-30 n 9 0 9 P<
(years) 0.001
% 23.1% 0.0% 18.8%
31-40 n 10 0 10
% 25.6% 0.0% 20.8%
41-50 n 7 2 9
% 17.9% 22.2% 18.8%
51-60 n 5 6 11
% 12.8% 66.7% 22.9%
61-70 n 4 1 5
% 10.3% 11.1% 10.49%
>70 n 4 0 4
% 10.3% 0.09% 8.3%
Marital status Married n 35 8 43 P> 0.05
% 89.74% 88.88% 89.58%
Single n 4 1 5
% 10.269% 11.12% 10.42%
Children No n 35 7 42 P> 0.05
% 89.7% 77.8% 87.5%
Yes n 4 2 6
% 10.3% 22.2% 12.5%
Chronic diseases No n 26 6 32 P>0.05
% 66.7% 66.7% 66.7%
Yes n 13 3 16
% 33.3% 33.3% 33.3%
Smoking status Non- n 34 7 41 P> 0.05
smoker
% 87.2% 77.8% 85.4%
Smoker n 5 2 7
% 12.8% 22.2% 14.6%
No significant difference (P > 0.05). P <0.05 was considered statistically significant
HPV*= Human papilloma virus

3. Levels of Immunological and Hormonal Indicators Among the Study Groups

The outcomes of the current investigation showed the highest levels of 1L-1, IL-2R, FSH,
and estrogen in women with HPV and cervical cancer (673.44 + 64.71, 715.89 + 133.05,
23.22 + 3.73, and 557.56 £ 142.49, respectively), followed by HPV-infected women (592.90
+145.03, 610.87 + 204.83, 15.97 £ 4.65, and 452.87 + 158.38, respectively), compared with
the control group (320.36 £ 123.62, 420.83 + 189.12, 9.81 + 2.96, and 273.79 + 121.44, re-
spectively). These differences were statistically significant (P < 0.05) (Table 2 and Figure 2).
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Table 2. Comparative Mean Values of IL-1§, IL-2R, FSH, and Estrogen Among the Study

Groups
NT=90 N Mean Std. Devia- P value
tion
11-1Beta Controls 42 320.36° 123.62 P<0.001
HPV 39 592.90 " 145.03
HPV+Cancer 9 673.44 " 64.71
IL-2R Controls 42 420.83¢ 189.12 P<0.001
HPV 39 610.87" 204.83
HPV+Cancer 9 71589 " 133.05
FSH Controls 42 9.81°¢ 2.96 P<0.001
HPV 39 15.97" 4.65
HPV+Cancer 9 23.22° 3.73
Estrogen Controls 42 273.79¢ 121.44 P<0.001
HPV 39 452.87" 158.38
HPV+Cancer 9 557.56 " 142.49
Different superscript letters (a, b, ¢) indicate statistically significant differences among groups (P < 0.05)
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Figure 2. Levels of IL-1Beta, IL-2R, FSH, and Estrogen indicators within study groups

Age-adjusted regression analysis indicated that the observed biomarker associations re-
mained statistically significant after accounting for age group. Among HPV-infected women
compared with controls, higher levels of IL-1B, IL-2R, FSH, and estrogen were stll signifi-
cantly associated with HPV positivity (all P <0.001). The same four biomarkers also remained
significantly associated with HPV-associated cervical cancer after age-group adjustment (all P
< 0.001). Confidence intervals were much wider, however, in the HPV-associated cervical
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cancer subgroup, which included only 9 cases @ = 9). Estimates for this subgroup should
therefore be interpreted cautiously, as shown in Table 3.

Table 3. Age-Adjusted Associations of Immunological and Hormonal Biomarkers with
HPV Infection and HPV-Associated Cervical Cancer

Comparison Biomarker | Age-adjusted OR (95% CI) P
IL-1B 1.02 (2.45-7.77) <0.001
IL-2R 1.64 (1.29-2.16) <0.001
HPV vs Control FSH 25.26 (6.56-186.43) <0.001
Estrogen 2.12 (1.54-3.10) <0.001
IL-1B 7.79 (2.60-454.97) <0.001
IL-2R 3.44 (1.68-14.80) <0.001
HPV+CC vs Control FSH 95.77 (5.21-4858.27) <0.001
Estrogen 5.10 (2.09-52.28) <0.001

OR = odds ratio; CI = confidence interval. The models were adjusted for age group, with each
biomarker analyzed separately. ORs for IL-1f, IL-2R, and estrogen correspond to a 100-unit
increase; the OR for FSH corresponds to a 5-unit increase

4. Receiver Operating Characteristic (ROC) Curve Analysis of Immunological and Hormonal
Markers

The ROC curve analysis showed high sensitivity and specificity of IL-1f (89% and 86%), 11~
2R (92% and 919%), FSH (899% and 100%), and estrogen (97% and 89%) at cutoff values of
426.50, 594.00, 14.50, and 402.00, respectively, in screening women with HPV infection, with
statistically significant differences (P < 0.05).

Additionally, high sensitivity and specificity were found for IL-1 (94% and 87%), IL-2R
(949 and 89%), FSH (89% and 90%), and estrogen (95% and 93%) at cutoff values of 426.50,
594.00, 14.50, and 402.00, respectively, in evaluation women with HPV and cervical cancer,
with statistically significant differences (P < 0.05) (Table 4 and Figure 3).

Table 4. ROC Curve Analysis, Cutoff Values, Sensitivity, and Specificity of Immunological
and Hormonal Indicators

Control versus HPV-infected women

Variables AUC* Std. Error P value cut off Sensitivity % Specificity %
IL-1Beta 985 027 <0.001*** 426.50 89 86
IL-2R 916 037 <0.001**~ 594.00 92 91
FSH 914 041 <0.001**~ 14.50 89 100
Estrogen 946 .030 <0.001*** 402.00 97 89

Control versus HPV-infected women with cancer

IL-1Beta 971 019 <0.001**~ 426.50 94 87
IL-2R 925 035 <0.001**~ 594.00 94 89
FSH 942 036 <0.001**~ 14.50 89 90
Estrogen 962 026 <0.001*** 402.00 95 93

Area under curve (AUC™) High significant differences (<0.001***)




226  Hashim et al. / J. Biol. Stud. 9(8):219-234 (2026)

ROC Cwrve of HPV-infected women with cancer ROC Curve of HPV-infected women

| | | S-ug‘:r:fdx 7 i

— —IL1Bets
- LR
—rsi —FSH

Ertrogen
f—Refurence Line

]

Sensitivity
Sensitivity

£

"o ) o [ s 1 l 0 o o5 o 1
1- Specificity 1- Specificity

Figure 3. ROC curve immunological and hormonal markers

The ROC-derived cutoff values, along with the sensitivity and specificity estimates, were
generated and assessed in the same study cohort. They therefore reflect exploratory discrim-
natory performance within the sample, not diagnostic estimates validated e xternally.

5. Correlation Relationship Among Immunological and Hormonal Markers

Spearman’s rank correlation analysis among HPV-infected women identified a significant in-
verse association between IL-1f and estrogen (p = —0.430, P = 0.006). IL-2R was positively
correlated with estrogen (p = 0.386, P =0.015), as was FSH (p = 0.600, P <0.001). The other
correlations did not reach statistical significance (P > 0.05), as shown in Table 5.

Table 5. Spearman's Rank Correlations Among Immunological and Hormonal Biomarkers
in HPV-Infected Women.

Relationship p P value
IL-1B - IL-2R —0.222 0.175
IL-1B - FSH —0.162 0.324
IL-1B - Estrogen —0.430 0.006
IL-2R - FSH 0.273 0.093
11-2R - Estrogen 0.386 0.015
FSH - Estrogen 0.600 <0.001

p = Spearman's rank correlation coefficient; P = probability value

Spearman’s rank correlation analysis found no statistically significant correlations among
IL-1B, IL-2R, FSH, and estrogen in women with HPV-associated cervical cancer (P > 0.05).
Still, the results warrant cautious interpretation given the small number of women in this sub-
group (n = 9), as shown in Table 6.

Table 6. Spearman's Rank Correlations Among Immunological and Hormonal Biomarkers
m Women with HPV-Associated Cervical Cancer.

Relationship p P value
IL-1B - II-2R 0.333 0.381
IL-1B - FSH 0.607 0.083
IL-1B - Estrogen —0.302 0.429
IL-2R - FSH 0.508 0.162
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Relationship p P value
11-2R - Estrogen 0.119 0.760
FSH - Estrogen —0.110 0.778

p = Spearman's rank correlation coefficient; P = probability value
4. Discussion

The study assessed immunological and hormonal biomarkers among women with HPV in-
fection and HPV-associated cervical cancer. HPV was detected in 53.33% of participants:
43.33% had HPV infection, while 10.009 had HPV-associated cervical cancer. This propor-
tion exceeded rates reported in several earlier studies from Iran and Iraq. HPV prevalence
and genotype distribution may vary considerably among populations and geographic regions,
as also demonstrated among unvaccinated women in Albania (Bakiri ef al,, 2025). Variations
in the study populations, sample sizes, geographic settings, and HPV detection methods may
account for the differences between studies. Age varied significantly between the study groups.
HPV infection occurred across a wide age range, but women with HPV-associated cervical
cancer were generally older, with the largest concentration in the 51-60-year age group. That
pattern agrees with earlier reports linking advancing age to a higher likelihood of persistent
HPYV infection and cervical cancer. Since age may confound the results, it was included in the
adjusted statistical analysis.

Age varied substantially across the study groups, making it a potential confounder, espe-
cially when interpreting FSH and estrogen levels. Even after adjustment for age group, IL-1f3,
IL-2R, FSH, and estrogen remained significantly associated with HPV positivity and HPV-
associated cervical cancer. The cervical cancer subgroup, however, included only nine
women, resulting in wide confidence intervals around its estimates. These adjusted associa-
tions are therefore preliminary and need to be confirmed in larger cohorts.

Importantly, the present study revealed no significant differences (P > 0.05) among the
study groups with respect to marital status, smoking status, chronic diseases, and having chil-
dren (Table 1 and Figure 1).

‘Women with HPV-associated cervical cancer had significantly higher FSH and estrogen
levels than both HPV-infected women and controls. This agrees with earlier observations that
changes in sex hormones are linked to HPV-associated cervical carcinogenesis (Wu er al.,
2024). Estrogen may aid HPV-related tumor development by increasing viral oncogene ex-
pression and encouraging cellular proliferation. Elevated FSH, by contrast, may indicate hor-
monal changes related to age and disease status (Hu er al,, 2024; Pitambra et al., 2026). Es-
trogen receptor-mediated signaling has also been associated with cervical cancer progression
(Hong et al,, 2025). Blood samples were collected on the second day of the menstrual cycle,
reducing variation in FSH and estrogen measurements caused by differences in menstrual -
cycle phase. Researchers have reported that reproductive tract inflammation is an additional
risk factor for persistent high-risk HPV infection in women with cervical intraepithelial neo-
plasia (CIN). Inflammation of the reproductive tract can impair local immune responses by
disrupting the normal physiological environment of the cervix (Huang et al., 2024). This com-
promised immune response reduces the body's ability to eliminate high-risk HPV, allowing
the virus to persist and replicate. Furthermore, the inflammatory response may alter cervical
mucus by increasing its permeability and disrupting epithelial barrier function, thereby facili-
tating HPV attachment, invasion, and persistence. In addition, inflammatory mediators and
cytokines produced during inflammation may mfluence the interaction between HPV and
host cells, further promoting the persistence of high-risk HPV infection (Wang et al., 2025).

Approximately 909% of cervical cancer cases are attributed to HPV infection, making it
one of the most important global health concerns, particularly among women (Jensen ef al,
2024). In addition, HPV is the primary cause of genital warts and is the most common sexually
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transmitted disease. Understanding the underlying immunological imbalance in HPV-in-
fected individuals 1s therefore essential. IL-2R was investigated in the present study because
of its important immunoregulatory role. Yasin et al (2026) reported significantly higher IL-2R
concentrations in women with HPV infection and HPV-associated cervical cancer than in
healthy women, and these findings are consistent with those of the current investigation. Ele-
vated serum I1-2R levels indicate sustained T-cell activation. During chronic HPV infection,
continuous exposure to viral antigens prolongs the activation of CD4* and CD8" T cells.
Activated T cells express high levels of membrane-bound IL-2Ra (CD25), which can be
cleaved and released into the circulation as soluble IL-2R (Oportus et al., 2025). Elevated IL-
2R not only reflects persistent immune activation but also suggests immune dysfunction be-
cause prolonged stimulation may exhaust T-cell responses, alter cytokine signaling pathways,
and reduce the efficiency of viral clearance (He ef al, 2024). This immune exhaustion and
dysregulation may contribute to viral persistence and promote the progression of HPV-asso-
ciated lesions toward cervical intraepithelial neoplasia and cervical cancer. Zhu et al. (2023)
demonstrated that women with HPV infection and cervical cancer had significantly higher
serum IL-2R levels than healthy women, which 1s consistent with the findings of the present
study. Elevated circulating IL-2R (CD25) may function as a decoy receptor by binding free
IL-2, thereby limiting its availability to effector T cells. Consequently, effector T cells may
undergo apoptosis because of insufficient IL-2-mediated survival signals (Zhang et al., 2026).
This mechanism may contribute to the immune dysregulation observed in these patients. Ac-
cording to Thappa and Chiramel (2016), these findings may also explain the beneficial effects
of immunotherapeutic approaches, such as the Mycobacteriuum vaccine, in treating recurrent
warts by enhancing T-helper 1 cytokine responses, including IL-2 production. These obser-
vations also support the development of novel immunotherapeutic strategies, including the
systemic administration of low-dose IL-2. Moreover, IL-2 has been nvestigated in immuno-
therapy models for cervical cancer, where it enhanced the efficacy of genetically modified T
cells (Yasin et al., 2026). Trujillo-Cirilo et al (2023) suggested that tumor cells may exploit
the relatively low concentrations of IL.-2 produced by immune cells through IL-2R-mediated
mechanisms to support tumor growth while simultaneously suppressing effective antitumor
immune responses. Zhu et al. (2023) also reported that IL-2 concentrations in vaginal fluid
were independently associated with the risk of cervical intraepithelial neoplasia (CIN). Future
large-scale prospective studies should focus on clarifying the relationship between IL-2 ex-
pression, persistent high-risk HPV infection, and the development of CIN.

IL-1 is an important pro-inflammatory cytokine involved in the immune response to viral
infections (Khalaf, 2024). Excessive cytokine production, including IL-1f, IL-6, and TNF-a,
may amplify systemic inflammation and contribute to tissue mjury during severe viral infec-
tions (Muhsin et al, 2025). In general, HPV-infected cells express numerous genes associated
with pro-inflammatory mediators, including IL-1B. Furthermore, in response to viral infec-
tion, inflammasomes, which are multiprotein complexes, produce pro-inflammatory cyto-
kines such as IL-1f and IL-18. These complexes play a critical role in antitumor immunity
by promoting antigen presentation through antigen-presenting cells (APCs), particularly den-
dritic cells, and by stimulating the secretion of pro-inflammatory cytokines (Aghbash et al.,
2025). The present study revealed higher IL-1 levels in HPV-infected women than in the
control group, and these findings are consistent with those reported by Olukomogbon et al.
(2024). Following viral infection, infiltration of macrophages and dendritic cells into infected
tissues stimulates the release of several inflammatory mediators, including IFN-y, IL-18, IL-
6, IL-8, I1-10, I1-15, MCP-1, and MIP-1f, all of which play important roles in the host im-
mune response against HPV (Olukomogbon et al., 2024).

According to a previous study, patients with cervical cancer had significantly higher IL-13
levels than healthy individuals (Saha et al., 2025). These findings are consistent with the results
of the present study. Long ef al. (2021) also reported markedly elevated IL-1f levels during
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different stages of cervical precancer. Higher numbers of IL-1B-expressing keratinocytes and
high-risk HPV stimulate the release of IL-1B from keratinocytes in cervical intraepithelial
neoplasia (CIN). This process promotes the proliferation of cervical epithelial cells, induces
DNA damage, and ultimately facilitates HPV DNA integration and the expression of the X6
and E7 oncoproteins, thereby promoting cervical carcinogenesis (Saha et al., 2025). Castag-
nino et al. (2022) investigated IL-1 cytokine signaling in several HPV biological and disease
models and demonstrated that the HPV16 E6 and E7 oncoproteins strongly suppress cellular
responses to IL-1 during both the early and late stages of cancer development.

Previous studies have suggested that the cervical carcinoma microenvironment stimulates
neighboring monocytes to produce IL-1f and activate the inflammasome, which may contrib-
ute to poor clinical outcomes in cervical cancer (Fernandes et al., 2023). More recently, Man-
toani et al. (2025) reported that patients with larger colposcopic cervical lesions had higher
IL-1 levels. This finding may explain the pro-inflammatory role of IL-1 in the progression of
CIN 2/3 lesions, particularly in lesions larger than 1 cm?

Cytokine profiling has demonstrated significant alterations in the vaginal immune micro-
environment of women co-infected with high-risk human papillomavirus (hrHPV) and
asymptomatic sexually transmitted infections (STTs). Previous studies have suggested that con-
comitant STIs modify the inflammatory response during hrHPV infection, thereby ifluenc-
ing disease progression. Elevated IL-1 concentrations in vaginal samples indicate a prolifer-
ative and inflammatory microenvironment that may contribute to the mitiation and progres-
sion of cervical dysplasia (Kebede er al., 2025) (Table 2 and Figure 2).

The present results showed that the AUC, sensitivity, and specificity of FSH for screening
women with HPV-associated cervical cancer were 0.942, 949%, and 89%, respectively. These
values were higher than those reported by Wu er al. (2024), who found an AUC of 0.712,
sensitivity of 649%, and specificity of 70%. Previous studies have suggested that FSH 1s a po-
tential risk factor for cervical cancer, and elevated FSH concentrations are associated with an
increased risk of disease. Therefore, FSH may serve as a predictive biomarker for cervical
cancer (Ilia er al., 2026). These findings are consistent with the results of the present study.

Kim et al. (2018) reported that the AUC, sensitivity, and specificity of estrogen for detect-
ing cervical cancer were 0.831, 85%, and 75%, respectively, indicating diagnostic performance
that was better than or comparable to conventional HPV testing. These values were lower
than those obtained in the present study, in which the AUC, sensitivity, and specificity of
estrogen were 0.962, 95%, and 93%, respectively.

Recent studies have suggested that alterations in hormone receptor expression, particu-
larly decreased ERat expression and increased progesterone levels, together with abnormali-
ties in circulating sex hormones, may contribute to the development of cervical cancer. These
hormonal and biochemical profiles, together with possible genetic alterations, highlight the
importance of hormone profiling in the clinical assessment of cervical cancer (Hong et al,
2025).

Yasin et al. (2026) reported high sensitivity and specificity of IL-2R (93.33% and 100%,
respectively) for screening HPV-infected women. These findings are comparable to those of
the present study (92% and 91%, respectively). In addition, Yasin et al. (2026) reported a
sensitivity and specificity of IL-2R of 81.32% and 69.54%, respectively, for screening women
with HPV-associated cervical cancer. These values were lower than those observed in the
present study (949% and 89%). The similarities and differences among studies indicate that
further investigations are needed to evaluate the diagnostic performance of IL-2R.

Kebede et al. (2025) reported that the AUC, sensitivity, and specificity of IL-1f for diag-
nosing women with HPV-associated cervical cancer were 0.821, 100%, and 11%, respectively,
which were lower than those reported in the present study (0.971, 949%, and 87%, respec-
tively). Similarly, Mantoani et al (2025) reported an AUC, sensitivity, and specificity of TL.-1
for differentiating CIN stage II from stage III of 0.670, 66.7%, and 65.2%, respectively.
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Importantly, the present investigation demonstrated high sensitivity and specificity of IL-
1B, IL-2R, FSH, and estrogen for screening women with HPV infection and HPV-associated
cervical cancer. Importantly, the present investigation demonstrated high within-sample dis-
criminatory performance of IL-13, IL-2R, FSH, and estrogen in distinguishing women with
HPV infection and HPV-associated cervical cancer from controls. However, these findings
are exploratory and require validation in larger independent cohorts before any clinical appli-
cation can be considered (Table 4 and Figure 3).

Although the ROC analyses produced high AUC, sensitivity, and specificity values, the
cutoff values were both derived and tested in the same study population. No independent
validation cohort was available, so these estimates should be considered exploratory. Larger
independent populations must be used for validation before the biomarkers or cutoff values
are considered for clinical screening or diagnostic use.

High estrogen concentrations, particularly in the presence of high-risk HPV infection, may
act as a co-carcinogenic factor by promoting a pro-inflammatory microenvironment through
elevated IL-1 expression and facilitating immune evasion, as indicated by increased soluble
IL-2R levels. Estrogen promotes HPV-induced tumorigenesis, whereas the HPV E6/E7 on-
coproteins increase IL-1 production and suppress cellular immune responses (Li et al,
2024). IL-1, a cytokine produced by activated inflammasomes, 1s one of the major pro-in-
flammatory cytokines involved in the immune response to viral infections. It enhances both
mnate and adaptive immunity through the activation of immune cells and cytokine signaling
pathways. Inflammation-induced IL-18 production may promote tumor development and
HPV DNA integration, whereas elevated FSH may act as a potential risk factor. Increased
concentrations of these biomarkers, which are frequently associated with menopause or per-
sistent HPV infection, may indicate a higher risk of cervical cancer (Herniandez-Silva et al,
2024).

Elevated estrogen and follicle-stimulating hormone (FSH) levels are associated with an
increased risk of HPV-positive cervical cancer. Estrogen, particularly through estrogen recep-
tor alpha (ERa), promotes HPV-associated malignant transformation, whereas FSH may
serve as a predictor of disease progression. Estrogen enhances the expression of HPV onco-
genes, while elevated FSH is strongly associated with tumor progression (Wu er al., 2024).

Spearman’s rank correlation analysis identified significant relationships among several
immunological and hormonal biomarkers in HPV-infected women. IL-1 was negatively cor-
related with estrogen, whereas IL-2R and FSH each showed positive correlations with estro-
gen. Together, these results may indicate interactions between hormonal regulation and im-
mune responses during HPV infection. No statistically significant correlations were found
among the biomarkers examined in the HPV-associated cervical cancer subgroup. That result
warrants caution, given the small sample size (n = 9), as shown in Table 5 and Table 6.

Limitation

The small number of women in the HPV-associated cervical cancer group (n =9) represents
an important limitation of the present study. This limited sample size may reduce the preci-
sion and stability of the ROC estimates, including AUC, sensitivity, and specificity, and may
also affect the reliability of correlation analyses within this subgroup. Therefore, findings re-
lated to the HPV-associated cervical cancer group should be interpreted cautiously and con-
sidered exploratory. Larger studies are required to confirm these observations.

Detailed mformation regarding histopathological confirmation, histological subtype, and
clinical stage was not available for all patients in the HPV-associated cervical cancer group.
Therefore, this limitation should be considered when interpreting the findings related to this
subgroup.
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5. Conclusion

In this study, women with HPV positivity and HPV-associated cervical cancer had higher
serum levels of 1L-1f3, I1-2R, FSH, and estrogen than the controls. The biomarkers also
showed promising discriminatory performance within the sample, although the ROC-derived
cutoff values, sensitivity, and specificity were calculated from the same study population. They
should therefore be regarded as exploratory, not clinically validated. Among HPV-infected
women, selected immunological and hormonal biomarkers were significantly correlated. No
statistically significant correlations were found in the HPV-associated cervical cancer sub-
group. That group contained only nine women, so its findings require cautious interpretation.
Larger independent studies are needed to confirm these associations and assess the possible
chnical relevance of the biomarkers investigated.
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