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Abstract: Objective: To investigate the expression and significance of programmed death-ligand 1 (PD-L1), matrix 
metalloproteinase 9 (MMP9), and tissue inhibitor of metalloproteinases 3 (TIMP3) in HR-HPV-associated cervical 
squamous cell carcinoma (CSCC) and precancerous lesions. Methods: A retrospective analysis of 180 cervical 
cancer and lesion cases were performed, dividing them into a HR-HPV infection group (n=120) and a non-infection 
group (n=60). Immunohistochemical staining was used to assess the expression of PD-L1, MMP9, and TIMP3 pro-
teins in both groups. Results: PD-L1 and MMP9 expression was significantly higher in HR-HPV-infected specimens 
compared to non-infected ones across all lesion grades (P<0.05). Both markers exhibited progressive upregulation 
correlating with increasing lesion severity from inflammation to low-grade squamous intraepithelial lesion (LSIL), 
high-grade squamous intraepithelial lesion (HSIL), and CSCC. Quantitative analysis showed significantly higher inte-
grated optical density values of PD-L1 and MMP9 in HR-HPV-positive HSIL and CSCC compared to HR-HPV-negative 
cases (P<0.05). In carcinoma patients, PD-L1 expression was correlated with HR-HPV infection status and histo-
logical grade (P<0.05), while TIMP3 showed an inverse correlation with MMP9 (r=-0.348, P=0.028). ROC analy-
sis demonstrated superior diagnostic performance for PD-L1 (AUC=0.863) and MMP9 (AUC=0.731) compared to 
TIMP3 (AUC=0.175) in distinguishing CSCC from non-malignant lesions. Conclusion: The expression rates of PD-L1 
and MMP9 increased progressively with lesion severity from inflammation through LSIL, HSIL, to CSCC. Additionally, 
higher-grade cervical squamous cell carcinoma exhibited stronger PD-L1 positivity in HR-HPV-infected cases.

Keywords: Programmed death-ligand 1 (PD-L1), matrix metalloproteinase 9 (MMP9), tissue inhibitor of metallo-
proteinases 3 (TIMP3), high-risk human papillomavirus (HR-HPV), cervical squamous cell carcinoma (CSCC)

Introduction

Cervical cancer remains the fourth most com-
mon malignancy among women globally, posing 
a significant public health burden [1]. Persistent 
infection with high-risk human papillomavirus 
(HR-HPV) is well-established as a critical etio-
logical factor driving the progression of cervical 
precancerous lesions to invasive squamous 
cell carcinoma with HR-HPV DNA detected  
in approximately 96% of cervical cancer cases 
[1]. Emerging evidence highlights the onco- 
genic roles of HPV-encoded E6/E7 proteins, 
which not only promote genomic instability but 
also enhance immune evasion by upregulating 
the programmed death-1/programmed death-

ligand 1 (PD-1/PD-L1) axis. Notably, therapeu-
tic strategies targeting PD-1/PD-L1 immune 
checkpoints have demonstrated promising cli- 
nical efficacy in metastatic cervical cancer, em- 
phasizing the translational relevance of this 
pathway [2].

Beyond viral oncogenesis, dynamic remodeling 
of the extracellular matrix (ECM) within the tu- 
mor microenvironment critically influences can-
cer progression and therapeutic resistance. 
The ECM serves as a structural and biochemi-
cal scaffold regulating cellular adhesion, signal-
ing, and homeostasis. Pathological alterations 
in the ECM, characterized by aberrant degrada-
tion or deposition, are involved in processes 
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ranging from tumor invasion to metastatic ni- 
che formation [3]. Matrix metalloproteinases 
(MMPs), particularly MMP-9, play a central role 
in ECM remodeling by cleaving key substrates, 
including collagens, elastin, fibronectin, and 
laminin. While elevated MMP-9 expression has 
paradoxically been associated with favorable 
outcomes in cervical cancer, its context-depen-
dent roles warrant further investigation [3].

Counterbalancing MMP activity, tissue inhibitor 
of metalloproteinases-3 (TIMP3) functions as  
a multifunctional regulator with both MMP-de- 
pendent and -independent antitumor effects. 
Although TIMP3 downregulation through epi-
genetic silencing (e.g., promoter hypermethyl-
ation) or miRNA-mediated repression is fre-
quently observed in malignancies, conflicting 
reports suggest elevated TIMP3 levels in ad- 

lesion (HSIL, n=60), and CSCC (n=60). These 
were further divided by HR-HPV status into 120 
HPV-positive and 60 HPV-negative cases (Fi- 
gure 1). As this was a retrospective analysis 
using archived tissue samples and clinical data 
collected during routine clinical care, we ob- 
tained a waiver of informed consent from the 
Ethics Committee of Zunyi Medical University 
(Approval No: KLL-2021-355).

Eligibility criteria: Women aged 18-60 years 
with histopathologically confirmed cervical le- 
sions (chronic cervicitis, LSIL/CIN1, HSIL/CIN2-
3, or CSCC) were included. All patients were 
treatment-naïve, had adequate tissue samples 
(>100 evaluable cells), and complete HPV test-
ing results. Exclusion criteria included autoim-
mune diseases, immunodeficiency, active non-

Figure 1. Flow diagram showing the selection and allocation of study partici-
pants. From an initial screening of 256 cervical specimens, 76 were exclud-
ed based on predefined criteria. The final cohort of 180 eligible patients was 
stratified by HPV status and histopathological diagnosis into four groups. 
HR-HPV: High-risk human papillomavirus; LSIL: Low-grade squamous in-
traepithelial lesion; HSIL: High-grade squamous intraepithelial lesion; CSCC: 
Cervical squamous cell carcinoma; SAS: Self-rating Anxiety Scale.

vanced cancers, indicating its 
complex dual roles in tumor-
stroma crosstalk [4, 5]. De- 
spite these advances, the in- 
terplay between HR-HPV infe- 
ction and the expression pro-
files of PD-L1, MMP-9, and 
TIMP3 in cervical carcinogen-
esis remains underexplored. 
Therefore, this study aims to 
systematically evaluate the 
clinical and prognostic signi- 
ficance of PD-L1, MMP-9, and 
TIMP3 expression across the 
histopathological spectrum  
of HR-HPV-associated cervi-
cal squamous cell carcinoma 
(CSCC) and its precursor le- 
sions.

Materials and methods

Case selection

This retrospective study ana-
lyzed 180 cervical specimens 
diagnosed at Zunyi Medical 
University’s Affiliated Hospital 
between January 2020 and 
December 2023. The cases 
were stratified into four histo-
pathological groups: chronic 
inflammation (n=25), low-gra- 
de squamous intraepithelial 
lesion (LSIL, n=35), high-gra- 
de squamous intraepithelial 



Role of PD-L1, MMP9, and TIMP3 in HPV-associated cervical squamous cell carcinoma

8366	 Am J Transl Res 2025;17(10):8364-8374

HPV infections, hepatic dysfunction (alanine 
aminotransferase/aspartate aminotransferase 
[ALT/AST] >3×ULN), renal impairment (estimat-
ed glomerular filtration rate [eGFR] <30 mL/
min/1.73 m2), severe anemia (hemoglobin <8 
g/dL), thrombocytopenia (platelets <50×109/L), 
leukopenia (white blood cells <3×109/L), con-
current malignancies, pregnancy/lactation, or 
incomplete pathological data.

Histopathological classification: Specimens 
were classified according to the WHO 2020 cri-
teria: (1) Chronic inflammation: Non-dysplastic 
cervicitis; (2) LSIL: CIN1/mild dysplasia; (3) 
HSIL: CIN2-3/moderate to severe dysplasia; (4) 
CSCC: Invasive squamous cell carcinoma with 
>1 mm stromal invasion.

CSCC subclassification: The 60 CSCC cases 
were further categorized by: (1) Histological 
grade: Grade I (well-differentiated, n=12, 20%); 
Grade II (moderately differentiated, n=40, 
66.7%); Grade III (poorly differentiated, n=8, 
13.3%). (2) FIGO staging (2018): Stage I (n=56, 
93.3%); Stage II (n=2, 3.3%); Stage III (n=2, 
3.3%). (3) HPV status: CSCC-HR-HPV positive 
(n=40, 66.7%); CSCC-HR-HPV negative (n=20, 
33.3%).

Data collection

Comprehensive baseline data were retrospec-
tively extracted from electronic medical records 
and pathological archives, including: (1) demo-
graphic characteristics (age at diagnosis, strati-
fied by decade); (2) clinical parameters, includ-
ing histopathological classification (per WHO/
Bethesda criteria) and FIGO staging (for carci-
noma cases); (3) virological status determin- 
ed via PCR with Hybribio assays or hybrid cap-
ture methodology (HR-HPV positive/negative); 
(4) laboratory indices covering hemoglobin lev-
els (g/dL), platelet counts (×103/μL), and hepat-
ic/renal function markers (ALT, AST, eGFR).

Psychological assessment

All HR-HPV-positive patients completed the 
Self-rating Anxiety Scale (SAS) at diagnosis 
before any treatment intervention. The SAS,  
a validated 20-item questionnaire, assesses 
anxiety symptoms with scores ranging from 
20-80: <50 indicates normal, 50-59 mild anxi-
ety, 60-69 moderate anxiety, and ≥70 severe 
anxiety. Questionnaires were administered by 
trained nurses in a private setting. Patients 
with incomplete responses were excluded from 

psychological analysis. This assessment aimed 
to evaluate the psychological burden across 
the spectrum of cervical pathology.

Immunohistochemical staining

Immunohistochemical staining was used to as- 
sess PD-L1, MMP9, and TIMP3 protein expres-
sion across the groups. Specimens were fixed 
in neutral buffered formalin (10%), followed by 
standard dehydration, paraffin embedding, and 
sectioning at a thickness of 3 µm. Staining was 
performed using the MaxVision two-step meth-
od. Primary antibodies included polyclonal an- 
tibodies for TIMP3 (dilution ratio 1:200) and 
ready-to-use monoclonal antibodies for PD-L1 
and MMP9, all procured from Shanghai Ge- 
ne Company. Phosphate-buffered saline (PBS) 
was used as a negative control in place of pri-
mary antibodies. The staining results were in- 
dependently evaluated by two pathologists us- 
ing a double-blind method.

In immunohistochemical staining, PD-L1 posi-
tivity was localized to the cell membrane, while 
TIMP3 and MMP9 staining was cytoplasmic. 
PD-L1 expression was quantified using the 
combined positive score (CPS) method: CPS = 
(number of PD-L1-positive tumor cells, lympho-
cytes, and macrophages)/(total number of via-
ble tumor cells) × 100%. A CPS of ≥1% was con-
sidered PD-L1 positive [2]. For TIMP3, MMP9, 
and PD-L1, the scoring combined staining in- 
tensity and the percentage of positive cells. 
Intensity scoring: 0 for no staining, 1 for yellow, 
2 for brown, 3 for dark brown. Percentage scor-
ing: 0 for ≤5%, 1 for 6%-25%, 2 for 26%-50%, 3 
for 51%-75%, and 4 for >75%. The final score, 
calculated by multiplying intensity and percent-
age scores, classified expression levels: >4 in- 
dicated high expression, ≤4 indicated low ex- 
pression, and no staining indicated negativity. 
For quantitative analysis, five different stained 
areas per slide were examined, and the inte-
grated optical density (IOD) values were deter-
mined using Image-Pro Plus 6.0.

Quantitative image analysis

Protein expression was quantified using inte-
grated optical density (IOD) measurements 
with Image-Pro Plus 6.0 software (Media Cy- 
bernetics). Five non-overlapping high-power 
fields (400×) were randomly captured and ana-
lyzed, with background correction against neg-
ative controls. Color deconvolution separated 
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the DAB chromogen from hematoxylin counter-
staining, and IOD values were calculated as the 
product of optical density and positive area, 
normalized to total area. The mean IOD across 
five fields represented the final expression 
intensity for each sample. Reproducibility was 
excellent, with intra-observer and inter-observ-
er intraclass correlation coefficients of 0.92 
and 0.89, respectively. Quality control involved 
blinded re-analysis of 10% of slides, achieving 
>95% concordance.

Statistical methods

Data analysis was conducted using SPSS 19.0 
software. Measurement data are expressed as 
mean ± standard deviation (±SD). Comparisons 
across multiple groups were performed using 
one-way analysis of variance (ANOVA), followed 
by Tukey’s post-hoc test. For two-group com-
parisons, the independent sample t-test was 
used. Count data were expressed as rates  
and evaluated using the chi-square test and 
Fisher’s exact test as appropriate. Spearman’s 
rank correlation coefficient was used to assess 
the association between protein expressions. 
Diagnostic efficacy of the proteins was evalu-
ated using receiver operating characteristic 
(ROC) curve analysis. The significance level was 
set at α=0.05, with P<0.05 considered statisti-
cally significant.

Results

Comparison of patient characteristics and 
baseline demographics

Patient demographics, including age and SAS 
scores, are presented in Table 1. In the CSCC 

group, the mean age of HR-HPV-positive pa- 
tients was 57.55±11.73 years, while the mean 
age of HR-HPV-negative patients was 55.25± 
10.37 years. Although the means were close, 
the variance in age across all lesion groups in 
the HR-HPV-positive group was significant 
(F=29.79, P<0.001). Further intergroup com-
parisons revealed that the age of patients in 
the CSCC group was significantly higher than in 
the inflammation group, LSIL group, and HSIL 
group (all P<0.05). Notably, the age of HR-HPV-
negative patients in the HSIL group was signifi-
cantly lower than in the CSCC group (P<0.05), 
suggesting a potential link between age, lesion 
progression, and viral clearance ability. Psy- 
chological assessment using the SAS was con-
ducted in all 120 HR-HPV-positive patients. 
Anxiety levels showed significant progression 
with lesion severity (F=295.0, P<0.0001). Pa- 
tients with HSIL and CSCC exceeded the cli- 
nical threshold for anxiety (≥50 points), with 
CSCC patients showing moderate anxiety le- 
vels.

Comparison of expression patterns of TIMP3, 
MMP9, and PD-L1 across lesion grades

Table 2 presents the positive expression rates 
of TIMP3, MMP9, and PD-L1 proteins, stratified 
by lesion type and HR-HPV status. Overall ex- 
pression patterns showed significant differenc-
es across lesion grades for all three markers 
(P<0.001). PD-L1 expression was absent in the 
inflammatory and LSIL groups but emerged in 
the HSIL group (25% in HR-HPV+, 35% in HR- 
HPV-) and increased markedly in the CSCC gr- 
oup (85% in HR-HPV+, 90% in HR-HPV-). MMP9 
expression showed progressive upregulation 

Table 1. Demographic characteristics and psychological assessment of study cohorts stratified by 
HPV status and lesion type

Groups Number  
of cases HR-HPV+/- Age (years, mean 

± SD) HR-HPV+ 
Age (years, mean 

± SD) HR-HPV-
Self-rating anxiety scale 

(SAS) score HR-HPV+
Inflammatory group 25 15/10 40.87±11.78* 46.10±14.75 23.542±6.681***

LSIL group 35 25/10 35.56±9.179** 42.80±15.06 30.833±3.227***

HSIL group 60 40/20 38.55±11.91** 39.90±11.09* 52.500±1.768*

CSCC group 60 40/20 57.55±11.73 55.25±10.37 60.00±2.394
Total number of cases 180 120/60 120 60 120
χ2/F 0.8571 29.79 5.662 295.0
P-value 0.8358 0.0001 0.0059 <0.0001
Note: Compared with CSCC group, *P<0.05, **P<0.01, ***P<0.001. HR-HPV: High-Risk Human Papillomavirus; SAS: Self-rating 
Anxiety Scale; LSIL: Low-Grade Squamous Intraepithelial Lesion; HSIL: High-Grade Squamous Intraepithelial Lesion; CSCC: 
Cervical Squamous Cell Carcinoma.
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from inflammatory lesions through CSCC. In 
contrast, TIMP3 expression was highest in LSIL 
and HSIL but decreased significantly in CSCC 
(P<0.05). Notably, within each lesion category, 
the expression rates of TIMP3, MMP9, and PD- 
L1 did not differ significantly between HR-HPV-
positive and HR-HPV-negative cases (P>0.05), 
suggesting that while HPV status influences ex- 
pression intensity (as shown by IOD values in 
Table 3), it does not affect the proportion of 
positive cases within each histological grade.

Comparison of IOD values of TIMP3, MMP9, 
and PD-L1 proteins in HR-HPV infected and 
non-infected groups

In HSIL specimens, MMP9 IOD values were 
1.8-fold higher in HR-HPV-positive cases com-
pared to HR-HPV-negative cases (P=0.002). 
Similarly, PD-L1 expression was 2.3-fold higher 
in HR-HPV-positive HSIL cases versus negative 
cases (P=0.009). In CSCC, this pattern persist-

ed, with MMP9 showing 2.0-fold (P=0.002) and 
PD-L1 showing 1.5-fold (P=0.039) higher ex- 
pression in HR-HPV-positive specimens. TIMP3 
expression showed no significant differences 
between the infection groups (P>0.05, Table 
3).

Association between HR-HPV infection rate 
and expression levels of TIMP3, MMP9, PD-
L1 in the carcinoma group and pathological 
parameters

In the carcinoma group, typical immunohisto-
chemistry staining images for TIMP3, MMP9, 
and PD-L1 expressions are illustrated in Figure 
2. The relationship between HR-HPV infection 
and the expression levels of TIMP3, MMP9, and 
PD-L1 with pathological parameters is shown 
in Table 4. Both HR-HPV infection and PD-L1 
expression were significantly associated with 
histological grade (P=0.005 and P=0.012, res- 
pectively). All Grade III tumors were HR-HPV-

Table 2. Positive expression of TIMP3, MMP9, and PD-L1 proteins in HR-HPV infected and non-infect-
ed groups [number of cases (%)]

Groups Number  
of cases

Infected group Number 
of positive cases (%)

Number  
of cases

Non-infected 
group Χ2 p-value

TIMP3
    Inflammatory group 15 10 (66.67) 10 8 (80.00) 0.529 0.467
    LISL group 25 23 (92.00) 10 7 (70.00) 2.823 0.093
    HSIL group 40 33 (82.5) 20 18 (90.00) 0.588 0.443
    CSCC group 40 7 (17.5) 20 7 (35.00) 2.283 0.131
    Χ2 49.812 14.775
    p-value <0.001 0.021
MMP9
    Inflammatory group 15 3 (20.00) 1 (10.00) 0.446 0.504
    LISL group 25 4 (16.00) 2 (20.00) 0.080 0.777
    HSIL group 40 34 (85.00) 15 (75.00) 0.891 0.345
    CSCC group 40 39 (97.5) 20 (100) 0.508 0.476
    Χ2 55.127 33.086
    p-value <0.001 <0.001
PD-L1
    Inflammatory group 0 (0) 0 (0)
    LISL group 0 (0) 0 (0) - -
    HSIL group 10 (25.00) 7 (35.00) 0.657 0.418
    CSCC group 34 (85.00) 18 (90.00) 0.288 0.591
    Χ2 65.742 33.874
    p-value 65.742 <0.001
Note: TIMP3: Tissue Inhibitor of Metalloproteinase 3; MMP9: Matrix Metalloproteinase 9; PD-L1: Programmed Death-Ligand 
1; HR-HPV: High-Risk Human Papillomavirus; LSIL: Low-Grade Squamous Intraepithelial Lesion; HSIL: High-Grade Squamous 
Intraepithelial Lesion; CSCC: Cervical Squamous Cell Carcinoma.
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Table 3. IOD values of TIMP3, MMP9, and PD-L1 proteins in HR-HPV infected and non-infected groups 
[(
_
x±SD)]

Groups
Number 
of cases 
(n=120)

Infected group
Number of 

cases (n=60)

Non-infected group
t p-valueNumber of 

positive cases IOD value Number of  
positive cases IOD value

TIMP3

    Inflammatory group 15 10 54.59±22.05 10 8 141.1±102.0 2.179 0.066

    LISL group 25 23 64.74±76.74 10 7 75.39±20.85 0.3241 0.757

    HSIL group 40 33 88.46±38.83 20 18 67.40±44.67 1.402 0.179

    CSCC group 40 7 33.92±16.95 20 7 45.82±27.27 1.153 0.293

    F 3.263 4.370

    P value 0.071 0.057

MMP9

    Inflammatory group 15 3 31.38±0.000 1 33.77±0.000 - -

    LISL group 25 4 42.85±24.37 2 40.47±13.25 0.08975 0.943

    HSIL group 40 34 115.8±52.72 15 65.15±36.24 3.720 0.002

    CSCC group 40 39 155.8±83.86 20 76.25±32.40 3.691 0.002

    F 6.121 -

    P value 0.011 -

PD-L1

    Inflammatory group 15 0 0 0 0 0 0

    LISL group 25 0 0 0 0 0

    HSIL group 40 10 63.03±18.44 7 27.51±13.23 3.769 0.009

    CSCC group 40 34 118.5±62.44 18 78.72±27.82 2.235 0.039

    t 2.655 6.473

    P value 0.026 <0.001
Note: IOD: Integrated Optical Density; TIMP3: Tissue Inhibitor of Metalloproteinase 3; MMP9: Matrix Metalloproteinase 9; PD-L1: Programmed Death-Ligand 1; HR-HPV: 
High-Risk Human Papillomavirus; LSIL: Low-Grade Squamous Intraepithelial Lesion; HSIL: High-Grade Squamous Intraepithelial Lesion; CSCC: Cervical Squamous Cell 
Carcinoma.

Figure 2. Immunohistochemistry staining of the expression of TIMP3, MMP9, and PD-L1 proteins in the carcinoma 
group. A-C. Images respectively show the expression of TIMP3, MMP9, and PD-L1 proteins in the HR-HPV infected 
CSCC group; 400X; D-F. Images respectively show the expression of TIMP3, MMP9, and PD-L1 proteins in the non-
infected CSCC group; Images captured at 400× magnification (scale bar: 20 μm). TIMP3: Tissue Inhibitor of Metal-
loproteinase 3; MMP9: Matrix Metalloproteinase 9; PD-L1: Programmed Death-Ligand 1; HR-HPV: High-Risk Human 
Papillomavirus; CSCC: Cervical Squamous Cell Carcinoma.
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positive (100%), compared to 83% of Grade I 
and 55% of Grade II tumors. PD-L1 positivity 
was highest in Grade II tumors (95%) and  
lowest in Grade I tumors (58%). Neither TIMP3 
nor MMP9 expression correlated significantly 
with clinicopathological parameters, although 
MMP9 expression was nearly universal (>91%) 
across all grades.

Analysis of the relationship between the ex-
pression of TIMP3, MMP9, and PD-L1 proteins 
in patients with cervical lesions at different 
stages in HR-HPV infected and non-infected 
groups

Spearman correlation analysis in CSCC patients 
revealed a significant inverse correlation be- 
tween TIMP3 and MMP9 expression (r=-0.348, 
P=0.028) in the HR-HPV-infected group (Figure 
3A). No significant correlations were observed 
between PD-L1 and either TIMP3 (r=0.142, P= 
0.382) or MMP9 (r=0.089, P=0.584). In HR- 
HPV-negative cases, all pairwise correlations 
were non-significant (P>0.05). Additionally, no 
significant correlations were detected between 
TIMP3, MMP9, and PD-L1 under other patho-
logical conditions (P>0.05).

Diagnostic value of TIMP3, MMP9, and PD-L1 
protein detection in CSCC

In the HR-HPV-infected group, ROC curve analy-
sis was conducted to assess the diagnostic 
value of TIMP3, MMP9, and PD-L1 expression 
in CSCC. The area under the curve (AUC) values 
were 0.175 for TIMP3, 0.731 for MMP9, and 
0.863 for PD-L1 (Figure 3B). In the non-infect-
ed group, the AUCs were 0.262 for TIMP3, 
0.775 for MMP9, and 0.862 for PD-L1 (Figure 
3C). These results indicate that the diagnostic 
value of PD-L1 and MMP9 expression in CSCC 
is superior to that of TIMP3 in both groups. 
Furthermore, combined diagnostic curve analy-
sis revealed that the combination of TIMP3, 
MMP9, and PD-L1 demonstrated good diag-
nostic capability, with an AUC of 0.810, indicat-
ing robust performance in discriminating dis-
ease status (Figure 3D). Detailed information is 
listed in Table 5.

Discussion

MMP9, a 92-kDa zinc-dependent endopepti-
dase, is the largest molecular weight member 
of the MMP family. It is primarily secreted as a 

Table 4. Relationship between HR-HPV infection and expression levels of TIMP3, MMP9, PD-L1 with 
pathological parameters in the CSCC cohort [n (%)]

Parameter Type Number  
of cases

HR-HPV  
infection rate

TIMP3  
positivity rate

MMP9  
positivity rate

PD-L1  
positivity rate

Age <50 years old 15 11 (73.33) 1 (6.67) 14 (93.33) 15 (100.00)
≥50 years old 45 29 (64.44) 13 (28.89) 45 (100.00) 37 (82.22)
χ2 0.400 1.988 - -

P-value 0.527 0.159 0.250 0.188
Stage Stage I 56 36 (64.28) 13 (23.21) 55 (98.21) 49 (87.50)

Stage II 2 2 (100.00) 0 2 (100.00) 2 (100.00)
Stage III 2 2 (100.00) 1 (50.00) 2 (100.00) 1 (50.00)
χ2 - - - -

P-value 0.342 0.782 0.801 0.264
Histologic grade Grade I 12 10 (83.33) 9 (75.00) 11 (91.67) 7 (58.33)

Grade II 40 22 (55.00) 5 (12.5) 40 (100.00) 38 (95.00)
Grade III 8 8 (100.00) 0 8 (100.00) 7 (87.50)
χ2 10.517 - - 8.911
P-value 0.005 0 0.333 0.012

Vascular invasion + 2 0 1 (50.00) 2 (100.00) 2 (100.00)
- 58 40 (68.96) 13 (22.41) 57 (98.27) 50 (86.21)
χ2 - - -

P-value 0.107 0.415 1.000 1.000
HR-HPV: High-Risk Human Papillomavirus; TIMP3: Tissue Inhibitor of Metalloproteinase 3; MMP9: Matrix Metalloproteinase 9; 
PD-L1: Programmed Death-Ligand 1; Grade I/II/III: Histological differentiation grade; Stage I/II/III: FIGO clinical stage.
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zymogen by various cellular components, in- 
cluding vascular endothelial cells, tumor-asso-
ciated macrophages, malignant epithelial cells, 
and polymorphonuclear leukocytes [3, 5-7]. 
Proteolytic activation of MMP9 converts this 
latent pro-enzyme into functional type IV colla-
genase (EC 3.4.24.35), which promotes neo-
vascularization through basement membrane 
degradation and facilitates tumor cell extrava-
sation via ECM remodeling. Our immunohisto-
chemical analysis revealed a progressive upre- 
gulation of MMP9 correlating with histopatho-
logical severity, with markedly higher expres-
sion in HR-HPV-positive specimens. This HPV-
mediated dysregulation may create an immu- 
nosuppressive microenvironment conducive to 
neoplastic progression, aligning with recent 
studies demonstrating MMP9-dependent re- 
cruitment of myeloid-derived suppressor cells 

in HPV-associated malignancies. Specifically, 
the HR-HPV-positive cohort exhibited 1.8-fold 
higher MMP9 IOD values compared to HPV-
negative specimens, suggesting that HR-HPV 
infection may potentiate MMP9-mediated stro-
mal remodeling via either direct viral oncopro-
tein activity (E6/E7-induced transcriptional ac- 
tivation) or indirect modulation of tumor micro-
environmental factors. This dysregulation fur-
ther contributes to the creation of an immuno-
suppressive tumor microenvironment, as evi- 
denced by MMP9’s role in recruiting myeloid-
derived suppressor cells in HPV-related ma- 
lignancies. Therefore, HR-HPV infection signifi-
cantly upregulates MMP9 expression, fostering 
a tumor-promoting microenvironment condu-
cive to neoplastic progression.

As a member of the tissue inhibitor of metallo-
proteinases (TIMP) family, TIMP3 is a critical 

Figure 3. Composite diagnostic performance analysis. A. Spearman correlation analysis for TIMP3 and MMP9 in the 
HR-HPV infected group. B. Area under the ROC curve for TIMP3, MMP9, and PD-L1 in the HR-HPV infected group. C. 
Area under the ROC curve for TIMP3, MMP9, and PD-L1 in the non-infected group. D. Area under the ROC curve for 
the combination of TIMP3, MMP9, and PD-L1. ROC: Receiver Operating Characteristic; AUC: Area Under the Curve; 
TIMP3: Tissue Inhibitor of Metalloproteinase 3; MMP9: Matrix Metalloproteinase 9; PD-L1: Programmed Death-
Ligand 1.
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regulator of MMP9 activity, exhibiting potent 
inhibitory effects against MMP9, a key metal-
loproteinase involved in ECM degradation [8- 
10]. The dynamic equilibrium between TIMPs 
and MMPs is vital for tumor invasion and me- 
tastasis. Disruption of this balance, particularly 
a relative decrease in TIMP levels compared  
to MMPs, leads to reduced inhibition of MMP 
activity. This results in enhanced ECM degrada-
tion, facilitating tumor cell penetration through 
the basement membrane and increasing the 
likelihood of hematogenous or lymphatic me- 
tastasis. Our research found an increase in 
both the positive expression rate and the IOD 
value of TIMP3 in precancerous lesions. How- 
ever, these levels decreased in CSCC. Notably, 
in HR-HPV-infected CSCC cases, TIMP3 IOD val-
ues significantly decreased, indicating that 
reduced TIMP3 expression correlates with tu- 
mor advancement and poorer prognosis. Inter- 
estingly, an increase in TIMP3 expression in 
HR-HPV-infected HSIL was observed, suggest-
ing its potential role in tumor progression and 
its utility as an early marker for cancer transfor-
mation. However, the diagnostic value of TIMP3 
in CSCC was relatively low, warranting further 
investigation and validation in larger cohorts.

The PD-L1 protein, as the ligand for PD-1, plays 
a crucial role in immune system suppression. It 
transmits inhibitory signals that induce T cells 
into a resting state, suppressing the prolifera-
tion of CD8+ T cells in lymph nodes and imped-
ing their ability to recognize cancer cells. This 
mechanism not only decreases T cell prolifera-
tion but may also trigger apoptosis [11]. These 
actions facilitate immune evasion by cancer 
cells, significantly contributing to tumor devel-

opment. This study established that PD-L1 ex- 
pression was exclusive to the HSIL and CSCC 
groups, with a statistically significant variance 
in IOD values (P<0.05). Furthermore, the HR- 
HPV-infected group exhibited higher PD-L1 ex- 
pression compared to the non-infected group, 
consistent with findings by Allouch et al. [12-
14]. PD-L1 levels were significantly elevated in 
HPV-related CIN and CC tissues compared to 
non-infected patients and normal cervical tis-
sues, highlighting HPV infection as a critical 
factor in cervical lesion progression. This phe-
nomenon is attributed to the interaction be- 
tween HPV infection and cellular processes: 
after HPV infection, the E6 protein encoded by 
the virus binds to the tumor suppressor gene 
product P53, leading to abnormal expression  
of P53. This aberration stimulates overexpres-
sion of TGF-β1, which triggers an inflammatory 
response [15]. To counteract inflammation, the 
body enhances the PD-1/PD-L1 interaction, 
leading to lymphocyte apoptosis and immune 
system activation. This process inhibits lym-
phocyte proliferation and suppresses Th1 re- 
lease from CD4+ cells, thereby mitigating the 
inflammatory response. Moreover, this study 
suggests that HPV binding to the PD-L1 locus 
may enhance the amplification of the PD-L1 
allele’s 3’-untranslated region (3’-UTR), leading 
to elevated PD-L1 expression. This amplifica-
tion potentially activates the PD-1/PD-L1 sig-
naling pathway, negatively regulating the im- 
mune response in HPV-related CSCC, thereby 
influencing the progression of HPV-associated 
CIN. These findings provide theoretical support 
for utilizing PD-L1-targeted immunotherapy in 
HPV-infected patients. Additionally, our study 
reveals a correlation between PD-L1 expres-

Table 5. Diagnostic performance metrics for TIMP3, MMP9, and PD-L1 in differentiating CSCC from 
non-cancerous lesions

Biomarker Group AUC (95% CI) Optimal  
Cutoff*

Sensitivity  
(%)

Specificity 
(%)

Youden  
Index PPV (%) NPV (%)

TIMP3 HR-HPV+ 0.175 (0.091-0.259) <30 IOD 17.5 17.5 -0.65 9.6 29.8
HR-HPV- 0.262 (0.120-0.405) <35 IOD 35.0 50.0 -0.15 31.8 52.6

MMP9 HR-HPV+ 0.731 (0.643-0.819) >95 IOD 97.5 48.8 0.463 48.8 97.5
HR-HPV- 0.775 (0.661-0.889) >85 IOD 100.0 55.0 0.550 57.1 100.0

PD-L1 HR-HPV+ 0.863 (0.786-0.939) >80 IOD 85.0 87.5 0.725 77.3 92.1
HR-HPV- 0.862 (0.759-0.966) >75 IOD 90.0 82.5 0.725 75.0 93.3

Combined All cases 0.810 (0.745-0.875) - 88.3 73.3 0.616 62.3 92.5
*Optimal cutoff values are based on IOD (Integrated Optical Density) measurements PPV: Positive Predictive Value; NPV: 
Negative Predictive Value. Note: TIMP3 shows inverse diagnostic performance (AUC<0.5) as its expression decreases in CSCC, 
making low values diagnostic for cancer rather than high values.
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sion in cancer groups, HR-HPV infection status, 
and key pathological parameters, including his-
tological grading, suggesting that HR-HPV in- 
fection may contribute to accelerated tumor 
progression.

In both HR-HPV-infected and non-infected gr- 
oups, ROC curve analysis was employed to 
evaluate the diagnostic value of TIMP3, MMP9, 
and PD-L1 in CSCC. PD-L1 and MMP9 expres-
sion levels were found to be more indicative 
than TIMP3, highlighting their strong associa-
tion with cervical tumor development. These 
findings position PD-L1 and MMP9 as promis-
ing therapeutic targets and biomarkers for 
CSCC progression. Spearman’s correlation an- 
alysis revealed no significant association be- 
tween TIMP3 expression and either MMP9 or 
PD-L1. The lack of correlation could be attrib-
uted to the limited sample size of the study. In 
contrast, a positive correlation was observed 
between MMP9 and PD-L1 expression, sug-
gesting that the co-expression of MMP9 and 
PD-L1 is associated with the development of 
CIN and cervical tumors.

This study has several limitations. First, the 
cross-sectional design precludes establishing 
causality between HR-HPV infection and bio-
marker expression changes during cervical car-
cinogenesis. Second, the single-center cohort 
may not fully represent all populations, particu-
larly given regional differences in HPV genotype 
prevalence. The retrospective nature of the 
study also means that confounders such as 
smoking and contraceptive use were not con-
trolled. Technical limitations include the semi-
quantitative nature of immunohistochemistry 
and potential variability between PD-L1 anti-
body clones. Additionally, TIMP3/MMP9 expres-
sion was assessed at a single time point, miss-
ing potential dynamic changes during disease 
progression. Lastly, while the overall sample 
size was adequate, subgroup analyses, particu-
larly for Grade III tumors, were underpowered. 
Therefore, a prospective multi-center study is 
needed to validate these biomarkers across 
diverse populations.

Conclusion

This study demonstrates that PD-L1 and MMP9 
expression levels escalate in tandem with the 
severity of cervical lesions, with these proteins 
exhibiting a positive correlation in their expres-
sion. Furthermore, HR-HPV infection is asso- 

ciated with heightened expression of these 
markers. A decrease in TIMP3 expression may 
also be linked to tumor progression. In carci-
noma cases, a significant relationship was fo- 
und between PD-L1 expression, HR-HPV infec-
tion status, and key pathological parameters, 
including histological grading.
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