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Abstract

Objective The aim of this study was to analyze the correlation between the levels of 12 cytokines in
the cervical microenvironment and cervical intraepithelial neoplasia in patients with high-risk human
papillomavirus (HR-HPV) infection.

Methods Female patients (n = 73) with HR-HPV infection were enrolled and divided into a high-grade
squamous intraepithelial lesion (HSIL) group (n = 33) and a non-HSIL (N-HSIL) group (n = 40), which
include low-grade squamous intraepithelial lesions and inflammation. Healthy screening subjects (n =
31) with negative HR-HPV results were enrolled as a control group. We examined contemporaneous
plasma and secretory cytokines from 25 study subjects to investigate the difference between systemic
cytokine profiles and the local microenvironment immunity using the Wilcoxon matched-pairs signed
rank test. The 12 cytokines from cervical secretions were compared between the three groups using the
Mann-Whitney test, and logistic regression was used to analyze HSIL and N-HSIL.

Results There were statistical differences in eight cytokines (IL-2, IL-6, TNF-a, IFN-y, IL-1B, IL-12p70,
IFN-a, and IL-8) between cervical secretion and plasma of the same patient, and seven cytokines were
statistically different between the control and other two groups. We selected four independent
variables (TNF-a, IFN-y, IL-12p70, and IFN-a) commonly identified by univariate regression analysis and
non-parametric tests for multivariate logistic regression analysis. Based on this model, HSIL could be
predicted in patients with HR-HPV infection, with the area under the curve being 0.76.

Conclusion The systemic cytokine profile cannot reflect the local microenvironment immunity, and the
occurrence of HSIL is related to the cytokine levels in the cervical microenvironment.
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INTRODUCTION

(HR-HPV) infection has become a research

hotspot in recent years; however, clinical
practice has found that not all women with HR-HPV
infection develop cervical lesions™?. The immune
system has an automatic clearance effect on HR-HPV
infection; however, some patients with HR-HPV
infection eventually develop cervical cancer?.
Therefore, factors that influence the outcome of HR-
HPV infection have attracted attention, and it is
speculated that the main influencing mechanism is
immune regulation[4’5]' Cytokines mediate innate
immunity and specific immune responses”’s].
Therefore, it plays an important role in human
defense mechanisms and acute-phase responses.
Some studies have reported an association between
systemic cytokines, gynecological diseases™”, and
local microenvironmental cytokinesls's’gl. It is
unknown whether systemic and local immunity are
consistent in the same patient with HR-HPV infection
at the same time. Therefore, this study explored the
difference between local and systemic immunity in
women with cervical HR-HPV infection and focused
on the role of local microenvironmental cytokines in
the occurrence of high-grade squamous intraepithelial
lesions (HSIL).

P ersistent high-risk human papillomavirus

MATERIALS AND METHODS

Research Subjects

A total of 73 patients with HR-HPV infection and
31 healthy screening subjects with negative HR-HPV
results were enrolled between March 2023 and June
2025. The former were from the Shanghai First
Maternity and Infant Health Care Hospital, and the
latter were from the Shanghai First Maternity and
Infant Health Care Hospital and Shanghai East
Hospital. The inclusion criteria were as follows: non-
menopausal women aged 21-55 years with a sexual
life and no history of vaginal irrigation, medication,
or sexual life within 3 days of sampling. Both the
cervix and the uterus were intact. Exclusion criteria
included various malignant tumors, other immune
functions or endocrine system diseases, mental
illness, unconsciousness, or uncooperation. According
to the pathological diagnosis, 73 patients with HR-
HPV infection were divided into HSIL (n = 33) and
non-HSIL (N-HSIL) (n = 40) groups. This study was
approved by the Medical Ethics Committees of
Shanghai First Maternity and Infant Hospital (Ethics

No.: KS 23359) and Shanghai East Hospital (2024
Research Review No. 031).

Sample Collection

Cervical Secretion Collection  Cervical secretion
samples were collected from all study participants
during the non-menstrual period. The speculum was
placed in the vagina and the cervical and vaginal
walls were fully exposed. A dry, sterile cotton swab
was used to collect the appropriate amount of
secretion from the cervical orifice and was set aside.
Within 4 h, the secretions on the sterile cotton swab
were eluted in a sterile EP tube equipped with 1 ml
of normal saline, mixed by swirling, centrifuged at
4000 rpm at 4 °C for 10 min, and the supernatant
was collected. The samples were stored at -80 °C
until use.

Blood Sample Collection In certain study subjects,
EDTA-anticoagulated blood and secretions were
collected  simultaneously  because of the
requirements for routine blood testing. Similar to
the pretreatment of secretions, within 4 h we
performed centrifugation at 4000 rpm at 4 °C for 10
min, and the plasma was collected and stored in the
refrigerator at -80 °C until use.

Immunofluorescence Assay of 12 Cytokines

Flow cytometry was performed using a Mindray
BriCyteE6 (Mindray Bio-Medical Electronics Co. Ltd.,
China). A cytokine joint detection kit was purchased
from Shanghai Yingyu Biotechnology Co., Ltd.. This
assay is based on immunofluorescence staining. There
were 12 types of capture microspheres with different
fluorescence intensities in the capture microsphere
mixture in the kit, and 12 types of specific antibodies
were coated on the surface of the capture
microspheres. The captured microspheres specifically
bound to the cytokines in the tested samples and
then bound to the PE-labeled fluorescence detection
reagents. A double-antibody sandwich complex was
formed by capturing the microspheres, samples to
be tested, and detection antibodies. By analyzing the
fluorescence intensity of the double-antibody
sandwich complex, the cytokine content of the sample
was determined to assist in judging the immune
function status of the body. Additionally, all collected
samples were tested after excluding unqualified
samples, such as those with hemolysis.

Statistical Analysis

Data processing and analysis were performed
using R version 4.3.3 (2024-02-29) and Zstats 1.0
(www.zstats.net). GraphPad Prism 10 software was
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used for analysis. Non-parametric tests, including
Wilcoxon matched-pairs signed rank and Mann-
Whitney tests, were used in this study; P < 0.05 was
considered statistically significant.

RESULTS

We examined contemporaneous plasma and
secretory cytokines from 13 patients with HR-HPV
and 12 negative for HR-HPV. The results showed that
there were statistical differences in eight cytokines
between the two sample types of the same patient,
showing that IL-2, IL-6, TNF-a, IFN-y, IL-1B, IL-12p70,
IFN-a, and IL-8 were dominant in the secretion. The
systemic cytokine profile does not reflect immunity
in the local microenvironment (Figure 1).

Next, we investigated whether the secreted
cytokines could be applied to patients with varying
disease severities. Thus, Mann-Whitney tests were
used to compare the three groups: patients with
cervical HR-HPV infection and HSIL (n = 33), patients

IL-2 IL-4
* k¥
5 4 1
P
-
£
S~
=T}
o
_2 A ———p————
Plasma Secretion Plasma Secretion
TNF-a IFN-y
* %k * %k
6 3 9
- 41 - 2
£ €
S~ S~
2 2
2 1 4
7 ":
0 2 0 - l 7 i
Plasma Secretion Plasma Secretion
IL-5 IL-12p70

ns

3% %k %k

pg/mL
pg/mL

Plasma Secretion

Plasma Secretion

pg/mL

with HR-HPV infection and N-HSIL (n = 40), and those
without HR-HPV infection (control, n = 31), as shown
in Figure 2. There were significant differences in the
levels of IL-2, IL-4, IL-10, IFN-y, IL-12p70, IFN-a, and
IL-8 between the control and other two groups. These
results indicate significant cytokine profile differences
between patients who were negative and positive
for HR-HPV, especially with IFN-y and IFN-a showing
lower abundance in patients who were HR-HPV-
negative compared to those who were HR-HPV-
positive. In addition, there were significant differences
in the levels of IL-6, TNF-a, IFN-y, IL-12p70, and IFN-
o between the HSIL and N-HSIL groups. Table 1 shows
the differences in statistical data between the two
groups.

Binary logistic regression analysis was performed,
with HSIL designated as a positive outcome and N-
HSIL as a negative outcome. Twelve cytokine results
were used as 12 independent variables in the
univariate regression analysis. Five statistically
significant variables were screened by univariate
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Figure 1. Comparison of results of 12 cytokines in cervical secretion and plasma collected simultaneously

(Wilcoxon matched-pairs signed rank test).
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regression analysis, which were IL-10, TNF-a, IFN-y,
IL-12p70, and IFN-a, showing that they were
associated with the outcome of HSIL (Table 2). The
univariate logistic regression forest plots are shown
in Figure 3.

To more effectively screen variables for
distinguishing HSIL from N-HSIL and prevent model
overfitting caused by excessive factors, we selected
four independent variables (TNF-a, IFN-y, I1L-12p70,
and IFN-a) commonly identified by both univariate
regression analysis and non-parametric tests for
multivariate logistic regression analysis (Table 3). The
multivariate logistic regression forest plots are shown
in Figure 4.

The multivariate regression results were used to
establish the diagnostic model of high-grade lesions,
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that is, the probability of HSIL was P, =1/1+
e- (-1.56+0.1* TNF-a+0.21*IFN-y+0.18* IL-12p70 +0.2* IFN-a)' Under the
optimal Youden index, the cut-off value of the
diagnostic model was 0.401, the area under the curve
was 0.76, and the accuracy, sensitivity, and specificity
were 0.73, 0.72, and 0.73, respectively. The specific
parameters are listed in Table 4. According to the
results of the multivariate regression, the influence
of the four independent variables on the outcome
was analyzed and a nomogram was drawn, as shown
in Figure 5.

DISCUSSION

The immune system plays an important role in
cervical HR-HPV infection. During HPV infection, viral
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Figure 2. Levels of 12 cytokines in cervical secretions from high- grade squamous intraepithelial lesion

(HSIL) and Non-HSIL groups.
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particles are phagocytosed by dendritic cells and
migrate to local lymphoid tissues, which activate
cellular and humoral immunity by expressing
inflammatory cytokines such as IL-1a, IL-18, IL-6, TNF-
a, and IL-12 to play a role in HPV clearance'®. After
antigen stimulation, CD4+ T-cell subsets proliferate
and differentiate into various effector cells, secrete
cytokines, and participate in various stages of the
immune response. Notably, increased secretion of
the anti-inflammatory cytokine IL-10 in Th2 cellular
immune responses has been associated with impaired
innate and adaptive immune defenses and
progression of cervical lesions"®™. In addition, Th2
cells produce cytokines, such as IL-4, IL-6, IL-8, and IL-
10, which help B-cells differentiate into plasma cells
that produce HPV-specific antibodies that enter into
circulation'®. Thi cells secrete cytokines such as IL-2,
IL-12, and IFN-y to activate naive CD8+ T lymphocytes
to differentiate into cytotoxic T lymphocytes and to
become effector T-cells that can kill cervical
intraepithelial neoplasia or HPV-infected cells to exert
an antiviral immune response'™. This is the first study
to explore the differences in cytokine levels between
two patient sample types. The results showed that
many cytokines were easier to detect and analyze in
cervical secretions; IL-2, IL-6, TNF-a, IFN-y, IL-1pB, IL-
12p70, IFN-a, and IL-8 were dominant in the secretion,
reflecting that the systemic immune status could not
reflect the local immune status. In addition, local
humoral and cellular immunity were higher than
systemic immunity. Finally, there were no apparent
differences in IL-5 and IL-17A levels between the two

specimen types.

Many studies showed that high levels of IL-
18 and TNF-a related to the occurrence and
development of cervical lesions. Both normal cervical
and lesion cells can produce IL-1B and TNF-a'**, and
they in turn stimulate lesion cell proliferation and
even cancelation. There were significant differences
in the levels of IL-2, IL-4, IL-10, IFN-y, IL-12p70, IFN-a,
and IL-8 between patients who were HR-HPV-positive
and those were HR-HPV-negative, especially with IFN-
vy and IFN-a showing lower abundance in patients
who were HR-HPV-negative compared to those who
were HR-HPV-positive. Consistent with the results of
the comparison of local and systemic immunity, there
was no apparent difference in IL-5 and IL-17A levels
between patients who were HR-HPV-negative and
those who were HR-HPV-positive. IL-5 and IL-17A
likely play modest roles in local immunity against HR-
HPV infection. The Mann-Whitney test was used to
compare the levels of IL-6, TNF-a, IFN-y, IL-12p70,
and IFN-a in cervical secretions in the HSIL and N-
HSIL groups. The levels of TNF-a, IFN-y, IL-12p70, and
IFN-a in the local microenvironment of HSIL infected
with HR-HPV were higher than those in the N-HSIL
group. This suggests that the activation of humoral
and antiviral immunity in this group of patients was
stronger than in the N-HSIL group. According to the
univariate logistic regression forest plots of HSIL and
N-HSIL, five statistically significant variables were
screened by univariate regression analysis, which
were IL-10, TNF-a, IFN-y, IL-12p70, and IFN-a, showing
that they were the risk factors for HSIL. To more

[5,11,14]

Table 1. Differences in statistical data between N-HSIL and HSIL groups

Variables Total (n =73) N-HSIL (n = 40) HSIL (n = 33) Statistic P
IL-2, M (Qq, Q3) 0.43 (0.04, 1.08) 0.27 (0.00, 0.71) 0.67 (0.11, 1.34) Z=-170  0.090
IL-4, M (Q, Q,) 0.00 (0.00, 0.29) 0.00 (0.00, 0.25) 0.00 (0.00, 0.41) Z=-0.51 0.608
IL-6, M (Qy, Q) 33.32 (6.71, 103.49) 15.67 (3.92, 65.26) 59.71(15.12, 155.52) Z=-2.29 0.022

IL-10, M (Qy, Q3) 0.70(0.02, 1.72) 0.55 (0.04, 1.31) 1.22(0.01, 2.12) Z=-1.75 0.081
TNF-a, M (Qy, Q) 1.07 (0.41, 1.86) 0.66 (0.30, 1.41) 1.61(0.91, 2.23) Z=-230  0.021
IFN-y, M (Qy, Q3) 0.56 (0.02, 1.33) 0.27 (0.00, 0.80) 0.87(0.52, 2.08) Z=-3.13 0.002
IL-17A, M (Qq, Q3) 0.75(0.28, 1.50) 0.53 (0.06, 1.22) 0.99 (0.52, 1.69) Z=-1.92 0.055
IL-1B8, M (Qy, Q3) 107.23 (11.59, 393.35) 70.36 (11.03, 326.55) 187.21(17.09, 593.98) Z=-090 0.366
IL-5, M (Q, Q3) 0.01 (0.00, 0.45) 0.05 (0.00, 0.42) 0.00 (0.00, 0.55) Z=-0.05 0.963
IL-12p70, M (Qq, Q3) 2.46 (1.02, 5.22) 1.75(0.82, 3.30) 4.79 (1.80, 7.34) Z=-3.05 0.002
IFN-a, M (Qq, Q) 1.31(0.31, 3.04) 0.77 (0.00, 2.77) 2.27(0.79, 3.85) 7=-2.81 0.005
IL-8, M (Q, Q) 1212.81 (547.56, 4182.72) 995.87 (424.29, 3190.16) 2820.31 (590.58, 4976.79) Z=-1.59 0.112

Note. Z: Mann-Whitney test; M: Median, Q;: 1st Quartile, Q3: 3st Quartile
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effectively screen variables for distinguishing HSIL
from N-HSILs and prevent model overfitting caused
by excessive factors, we only selected four

Table 2. Univariate logistic regression analysis for
HSIL and N-HSIL groups

Variables B S.E z P OR (95% CI)

IL-2 018 025 072 0473 1.19(0.73-1.94)
2.76 (0.64-12.02)
1.00 (1.00-1.00)
1.64 (1.06-2.55)
1.66 (1.10-2.51)
1.85 (1.14-2.98)
1.11 (0.77-1.60)
1.00 (1.00-1.00)
1.54 (0.47-5.05)
1.34 (1.09-1.65)

1.43 (1.07-1.92)

IL-4 1.02 075 136 0.175
IL-6 0.00 0.00 106 0.287
IL-10 0.50 0.22 220 0.028
TNF-a 051 0.21 241 0.016
IFN-y 0.61 0.24 251 0.012
IL-17A 0.10 0.19 0.54 0.590
IL-18 0.00 0.00 0.81 0.418
IL-5 043 061 0.71 0.477
IL-12p70 029 0.10 2.80 0.005
IFN-a 036 0.15 240 0.016

IL-8 0.00 0.00 190 0.058 1.00 (1.00-1.00)

Note. OR: Odds Ratio, CI: Confidence Interval.

Variables OR (95% Cl) P

IL-2 1.19(0.73-1.94) He~ 0.473
IL-4 2.76 (0.64-12.02) + 1 0.175
IL-6 1.00 (1.00-1.00) 0.287
IL-10 1.64 (1.06-2.55)  |m— 0.028
TNF-a 1.66 (1.10-2.51) o— 0.016
IFN-y 1.85(1.14-2.98) |-m— 0.012
IL-17A 1.11(0.77-1.60) HH 0.590
I--1B 1.00 (1.00-1.00) ¥ 0.418
IL-5 1.54 (0.47-5.05) +Ha— 0.477
IL-12p70 1.34(1.09-1.65) 0.005
IFN-a 1.43 (1.07-1.92) ol 0.016
IL-8 1.00 (1.00-1.00) ¢y 0.058
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Figure 3. Univariate logistic regression forest
plots for high-grade squamous intraepithelial
lesion (HSIL) and Non-HSIL groups.

Table 3. Multivariate logistic regression analysis for
HSIL and N-HSIL groups

Variables B S.E z P OR (95% CI)

0.21 (0.08-0.53)

Intercept -1.56 0.48 -3.27 0.001

TNF-a 0.10 0.27 0.37 0.714 1.10(0.65-1.86)
IFN-y 0.21 0.28 0.74 0.462 1.23(0.71-2.13)
IL-12p70 0.18 0.11 1.72 0.085 1.20(0.98-1.48)

IFN-a 0.20 0.17 1.16 0.247 1.22(0.87-1.71)

Note. OR: Odds Ratio, CI: Confidence Interval.

independent variables for multivariate logistic
regression analysis; IL-6 and IL-10 were excluded
because they were not stable, which also satisfied
the sample size requirement for logistic regression
analysis[w]. ROC curve analysis showed that the
combined detection of TNF-a, IFN-y, IL-12p70, and
IFN-a had an area under the curve of 0.76, which
had good sensitivity and specificity. It had a predictive
value for high-grade lesions after HR-HPV infection
and is expected to be an important indicator for
predicting cervical HR-HPV infection. In summary, this
cytokine profile has the potential for routine clinical
screening. However, owing to the high cost of
measuring all 12 cytokines, this approach may not be
cost-effective for patients who are HR-HPV-negative.
In patients who are HR-HPV-positive, secreted
cytokines can serve as non-invasive biomarkers to
predict HSIL. Compared to invasive biopsy, our
method uses only four cytokines, offering lower costs,
operational simplicity, and patient-friendly features;
it is non-invasive, causes no harm, and is easily
accepted. Additionally, the four selected factors
(notably IFN-y and IFN-a) showed a unidirectional
increase from the control group to the HSIL group
across the three groups, distinguishing them from
general gynecological inflammation. As in the HR-
HPV-negative control group, inflammation typically
manifests as elevated levels of IL-4, IL-10, and IL-8
but not for IFN-y and IFN-a.

Our study has several limitations. We used cotton
swabs to collect secretions, which are simpler to
perform than vaginal lavage; however, this may result
in errors. However, our operation is completely
performed by the same doctor, which reduces the
greater difference caused by personnel turnover to a
certain  extent. Therefore, we used an
immunofluorescence assay to detect 12 cytokines,
which have higher sensitivity and accuracy. The results
may be biased due to the small sample size of this
study. To minimize bias, we assigned dedicated
sampling and testing personnel who were blinded to

the specific information of the specimens.

Variables OR (95% CI) P

TNF-a  1.10(0.65-1.86) * ! 0.714

IFN-y  1.23(0.71-2.13) + o 1 0.462

IL-12p70 1.20 (0.98-1.48) | E——— 0.085

IFN-a  1.22(0.87-1.71) — 0.247
1 2

OR (95% ClI)

Figure 4. Multivariate logistic regression forest
plots for high-grade squamous intraepithelial
lesion (HSIL) and Non-HSIL groups.
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Table 4. Model parameters under best Youden index

AUC (95% CI) Accuracy (95% CI)  Sensitivity (95% CI)  Specificity (95% CI) PPV (95% Cl) NPV (95% CI) cut off
0.76 (0.65-0.87)  0.73 (0.61-0.82) 0.72 (0.59-0.86) 0.73(0.58-0.88)  0.76 (0.63-0.90)  0.69 (0.53-0.84)  0.401
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Points r T T T T T T T T |
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0 4
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Figure 5. Model Nomogram for predicting high-grade squamous intraepithelial lesion.
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