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ABSTRACT
Background  Cervical cancer remains a global health 
challenge. The identification of new immunotherapeutic 
targets may provide a promising platform for advancing 
cervical cancer treatment.
Objective  This study aims to investigate the role of CUB 
domain-containing protein 1 (CDCP1) in cervical cancer 
progression and evaluate its potential as a therapeutic 
target.
Methods  We performed comprehensive analyses 
using patient cohorts and preclinical models to examine 
the association between CDCP1 expression and 
cervical cancer prognosis. Then in immunodeficient 
and immunocompetent mouse models, we further 
investigated the impact of CDCP1 on the tumor immune 
microenvironment, focusing on its effects on tumor-
infiltrating T cells, including cytotoxic T lymphocytes (CTLs) 
and regulatory T cells (Tregs). Mechanistic studies were 
performed to elucidate the pathways involved in CDCP1-
mediated immune modulation, in particular its interaction 
with the T cell receptor CD6 and the activation of the JAK-
STAT signaling pathway.
Results  Our results show that CDCP1 overexpression 
is associated with poor prognosis and T cell infliction in 
cervical cancer. Specifically, it affects the activity of CTLs 
and Tregs. Mechanistically, CDCP1 binds to CD6 and 
inhibits the JAK-STAT pathway of T cells. The study further 
demonstrates that targeting CDCP1 with the inhibitor 
8-prenylnaringenin (8PN) effectively suppresses tumor 
growth in vivo and enhances antitumor immunity.
Conclusions  CDCP1 plays a critical role in cervical 
cancer progression by modulating the tumor immune 
microenvironment. Targeting CDCP1 offers a promising 
therapeutic strategy to improve the outcome of patients 
with cervical cancer.

INTRODUCTION
Affecting women worldwide, cervical cancer 
ranks fourth in both incidence and mortality 
among gynecological tumors.1 2 In 2022 alone, 
an estimated 604,000 new cases and 342,000 
deaths were reported globally.3 The standard 
of care for cervical cancer includes surgery, 
radiotherapy, and chemotherapy.4 5 However, 
for patients with recurrent or metastatic 

cervical cancer, treatment with systemic 
therapy, unfortunately, results in a 5-year 
survival rate that remains below 20%.6–10 
Given the low cure rates of advanced-stage 
disease and the side effects of existing thera-
pies, it is important to provide new treatment 
options for patients with cervical cancer. 
Immunotherapy, which aims to modify and 
harness the host immune system to more 
precisely and effectively target cancer cells, 
is emerging as a research hotspot and offers 
new hope for patients with cervical cancer. 
Checkpoint inhibitors targeting PD-1, PD-L1, 
and CTLA-4 have been extensively studied 
and have shown significant efficacy in certain 
cancer treatments.11 12 However, response 
rates to pembrolizumab in cervical cancer 
remain relatively low at approximately 15%.13 
This emphasizes the need for a deeper under-
standing of the immune microenvironment 
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of cervical cancer and the identification of molecular 
targets with therapeutic potential.

Cervical cancer is driven by HPV infection, during 
which the virus evades immune surveillance and estab-
lishes an immunosuppressive environment by secreting 
cytokines, thereby reducing the recruitment of anti-
inflammatory immune cells and inhibiting antitumor 
immunity.14–16 Previous studies have suggested that the 
identification of potential immunotherapy targets should 
be based on three main criteria: targeting tumor-specific 
immune evasion mechanisms,17 18 selective regulation 
of immunity within the tumor microenvironment,19 
and reprogramming antitumor immunity in the tumor 
microenvironment.20 21 Increasing evidence suggests that 
impaired local immune function rather than systemic 
immune function plays an important role in the patho-
genesis of cervical cancer.22 Therefore, a thorough inves-
tigation of the immune microenvironment of cervical 
cancer is essential for the selection of potential immu-
notherapy targets. Li and Hua23 conducted an analysis of 
the immune microenvironment in cervical cancer tissues 
using single-cell sequencing technology, which revealed 
a significant immunosuppressive state within the tumor 
characterized by abundant exhausted CD8+T cell infiltra-
tion. This finding is consistent with the sequencing results 
of Gu et al in the cervical cancer microenvironment,24 as 
well as with studies on lung and liver cancer.25 26 CD8+T 
cells, as key immune cells regulating the tumor microen-
vironment, are critical for antitumor immunity.27 Effector 
T cells play an important role in the immune microen-
vironment of cervical cancer. Therefore, screening for 
molecules associated with T cell function holds promise 
as critical targets for reprogramming the cervical cancer 
immune microenvironment and enhancing antitumor 
immune responses.12 28

In 2001, Scherl-Mostageer et al first identified the over-
expression of the CUB domain-containing protein 1 
(CDCP1), a transmembrane protein also known as CD318, 
SIMA135, and TRASK, in colorectal cancer.29 Over the 
past two decades, CDCP1 has been found to be highly 
expressed in various malignant tumors and closely associ-
ated with patient metastasis, recurrence, poor prognosis, 
and treatment response, including prostate cancer,30 31 
breast cancer,32 lung cancer,33 34 ovarian cancer,35 bladder 
cancer,36 and pancreatic cancer.37–39 Further research 
has revealed the important role of CDCP1 in regulating 
molecular cascades reactions within tumor cells that are 
critical for tumor cell survival, growth, metastasis, and 
treatment resistance. For example, CDCP1 can interact 
with Src to reduce the adhesive phenotype of tumor cells 
and promote tumor metastasis.40 In addition, CDCP1 
can directly interact with EGFR or Her2, to enhance pro-
tumor signals, thereby promoting cancer cell dissemina-
tion or inducing drug resistance.41 In Ras mutant tumors, 
CDCP1 is activated through the Ras/ERK signaling 
pathway, increasing MMP2 activation and MMP9 secre-
tion, ultimately promoting tumor invasion and metastasis 
by degrading the extracellular matrix.42 Although some 

evidence suggests the involvement of CDCP1 in cervical 
cancer progression,43 44 the precise mechanistic role 
of CDCP1 in cervical cancer, particularly in the tumor 
microenvironment, remains to be elucidated. Therefore, 
elucidating the molecular mechanisms by which CDCP1 
influences cervical cancer progression is of paramount 
importance for the development of novel therapeutic 
strategies to improve patient prognosis.

In this study, we aim to elucidate the role of CDCP1 in 
cervical cancer progression and explore its potential as a 
therapeutic target. We will examine the expression levels 
of CDCP1 in cervical cancer tissues and correlate them 
with clinical outcomes to assess their prognostic signifi-
cance. In addition, we will use in vitro and in vivo models 
to determine the impact of CDCP1 on tumor growth 
and to investigate its influence on the tumor immune 
microenvironment, particularly its role in regulating 
tumor-infiltrating T cells. By exploring the biological 
functions, molecular mechanisms, and interactions with 
the immune system of CDCP1, we hope to provide novel 
targets and strategies for the treatment of cervical cancer.

MATERIALS AND METHODS
Clinical specimens
From January 2012 to December 2020, a total of 206 
paraffin section specimens were collected from patients 
who underwent radical hysterectomy for cervical cancer. 
None of these patients had received radiotherapy or 
chemotherapy prior to surgery, and all had complete 
pathological information available. In addition, cervical 
tissue was collected from 30 patients who underwent 
hysterectomy for non-malignant conditions as controls.

TCGA data analysis
The TCGA database contains mRNA sequencing data 
from 306 cases of cervical cancer tissue. Normalization 
of gene expression values was performed, followed by 
the calculation of cytotoxic T lymphocyte (CTL) scores 
for each patient with cervical cancer.45 CTL scores were 
determined by averaging the expression levels of CTL 
markers: CD8A, CD8B, GZMA, GZMB, and PRF1. Patients 
were classified into high and low CTL score groups based 
on whether their CTL score exceeded the average CTL 
score of all patients. EdgeR differential gene analysis was 
performed between the two groups, with a |log2FC| cut-
off of 2 and a p value cut-off of 0.01. Overall survival and 
disease-free survival analyses were performed using the 
group median as the cut-off. TCGA heatmap visualizing 
CTL-associated gene and CDCP1 expression patterns in 
patients with cervical cancer using color gradients.

Cell culture
The human cervical cancer cell line SiHa and the mouse 
cervical cancer cell line U14 were both obtained from the 
Shanghai Institute of Life Sciences (Chinese Academy of 
Sciences). Human T cells were isolated from the periph-
eral blood of healthy volunteers, and mouse T cells were 
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isolated from the spleen of C57 mice. Cell culture media 
were as follows: For tumor cell culture, Dulbecco’s modi-
fied Eagle’s medium (Gibco) supplemented with 10% 
fetal bovine serum, L-glutamine, penicillin, and strepto-
mycin. For T-cell culture, serum-free x-VIVO 15 medium 
supplemented with 200 U/mL of IL-2 was used. Cultures 
were maintained at 37°C in a humidified atmosphere 
containing 5% CO2.

Cell transfection
U14 cells were transiently transfected with 
SiRNA(CRN1023, Cohexion) using Lipofectamine 
(Thermo Fisher, USA). U14/SiHa cells were transfected 
with ShRNA/plasmids targeting CDCP1 using lentiviral 
vectors. The designed targeting sequences for CDCP1 
were as follows:
Murine-ShRNA-F: ​CCGG​CCAT​CAAG​TATG​CAGT​GAAT​
TCTC​GAGA​ATTC​ACTG​CATA​CTTG​ATGG​TTTTTG
Murine-ShRNA-R: ​AATT​CAAA​AACC​ATCA​AGTA​TGCA​
GTGA​ATTC​TCGA​GAAT​TCAC​TGCA​TACT​TGATGG
Human-ShRNA-F: ​CCGG​CCTC​AACT​TCAA​TGTC​TCCA​
ACTC​GAGT​TGGA​GACA​TTGA​AGTT​GAGG​TTTTTG
Human-ShRNA-R: ​AATT​CAAA​AACC​TCAA​CTTC​AATG​
TCTC​CAAC​TCGA​GTTG​GAGA​CATT​GAAG​TTGAGG.

The plasmids used included pLKO.1-Puro (P0258), 
pSIN-EF2-Puro (P40791), and pSIN-EF1a-Cdcp1 (mouse)-
Puro (P50225), all purchased from MiaoLing Biology, 
China. Virus packaging and harvests were performed 
using 293 t cells. Fresh virus supernatant was collected 
for infection of U14/SiHa cells, followed by selection 
with 4/2 µg/mL puromycin (Beyotime) to obtain CDCP1 
knockdown cells, CDCP1 overexpressing cells, and their 
respective control cells.

RNA Isolation and qPCR
After cell precipitation and washing, cellular RNA was 
extracted using the RNA-Quick Purification Kit (RN001, 
ES Science) according to the manufacturer’s instructions. 
Total RNA concentration was measured using the Nano-
Drop2000, and cDNA synthesis was performed using the 
Reverse Transcription Kit (R223-01, Vazyme) according to 
the manufacturer’s protocol. Subsequently, RT-qPCR was 
then performed using the qPCR reagent kit (AG11701, 
Accurate Biology) with the appropriate reaction setup. 
The following primer sequences were used:
Human-CDCP1-F: ​CTGA​ACTG​CGGG​GTCT​CTATC.
Human-CDCP1-R: ​GTCC​CCAG​CTTT​ATGA​GAACTG
Murine-CDCP1-F: ​GAGC​TACC​CATC​CTCA​ACAGA.
Murine-CDCP1-R: GTCGAGGGGTTGCGAACTG.
Murine-IFN-γ-F: ​CAGC​AACA​GCAA​GGCG​AAAAAGG.
Murine-IFN-γ-R: ​TTTC​CGCT​TCCT​GAGG​CTGGAT.
Murine-IFNγR1-F: ​CTTG​AACC​CTGT​CGTA​TGCTGG.
Murine-IFNγR1 -R: ​TTGG​TGCA​GGAA​TCAG​TCCAGG
Murine-IL2-F: ​GCGG​CATG​TTCT​GGAT​TTGACTC.
Murine-IL2-R: ​CCAC​CACA​GTTG​CTGA​CTCATC.
Murine-IL6-F: ​TACC​ACTT​CACA​AGTC​GGAGGC.
Murine-IL6-R: ​CTGC​AAGT​GCAT​CATC​GTTGTTC.
Murine-IL10-F: ​CGGG​AAGA​CAAT​AACT​GCACCC.

Murine-IL10-R: ​CGGT​TAGC​AGTA​TGTT​GTCCAGC.
Murine-ACTB-F: ​GTGA​CGTT​GACA​TCCG​TAAAGA.
Murine-ACTB-R: GCCGGACTCATCGTACTCC.
Human-ACTB-F: ​CATG​TACG​TTGC​TATC​CAGGC.
Human -ACTB-R: ​CTCC​TTAA​TGTC​ACGC​ACGAT.

Immunoprecipitation
Cell lysates were incubated with 4 µg of precipitating 
anti-CD6 antibody for 1 hour at room temperature. Then 
50 µL of Protein A-Agarose solution was added and the 
mixture was incubated for 1 hour at room temperature. 
Finally, the samples were resuspended in 20 µL elution 
buffer for subsequent immunoblotting.

Western blot
Cell lysates were harvested and cells were lysed in 1×SDS 
sample buffer (Beyotime), resolved by 10% SDS-PAGE, 
and then transferred to a 0.45 µm PVDF membrane. The 
membrane was blocked with 5% skim milk in PBST for 60 
min at room temperature. The primary antibodies were 
then incubated overnight at 4°C. The antibodies used 
were as follows: anti-CDCP1 antibodies (ab1377, Abcam 
and YT5291, Immunoway), anti-JAK1 antibody (#3332S, 
CST), Phospho-Jak1 (Tyr1034/1035) antibody (#3331, 
CST), anti-STAT1 antibody (AF6300, Affinity), Phospho-
STAT1 (Tyr701) antibody (AF3300, Affinity), anti-STAT3 
antibody (AF6294, Affinity), Phospho-STAT3 (Tyr705) 
antibody (AF3293, Affinity), and Beta Actin Monoclonal 
antibody (66009-1, Proteintech). After washing the 
bands, secondary antibodies were added and incubated 
for 1 hour at room temperature, followed by detection 
using enhanced chemiluminescence detection. The band 
intensities were quantified using ImageJ software.

Immunohistochemistry
Five µm paraffin sections were deparaffinized in fresh 
xylene, hydrated in a gradient of ethanol, subjected to 
high temperature high pressure antigen retrieval with 
alkaline EDTA, and blocked with goat serum. Antibodies 
(anti-CDCP1 antibody (ab1377, Abcam), anti-CD8 anti-
body (ZA-0508, ZSGB-BIO), anti-CD3 antibody (ZA-0503, 
ZSGB-BIO)) were then incubated overnight at 4°C. After 
the slides were washed, HRP-conjugated secondary anti-
bodies were applied and incubated for 1 hour at room 
temperature. DAB staining was performed, followed by 
counterstaining with hematoxylin, dehydration through 
an ethanol gradient, and mounting in neutral resin. 
Immunohistochemical scoring was conducted based 
on the product of staining area and intensity (staining 
area score: 0=0%, 1=<25%, 2=25%–50%, 3=50%–75%, 
4=>75%; staining intensity score: 0=no staining, 1=weak 
staining, 2=moderate staining, 3=strong staining), with 
scores by two experienced pathologists. Patients were 
divided into high-staining and low-staining groups based 
on a median score of 6.

Immunofluorescence
Five µm paraffin-embedded tissue sections were depar-
affinized in xylene and rehydrated through an ethanol 
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gradient. Antigen retrieval was performed using alka-
line EDTA at high temperatures. Sections were then 
blocked with 5% bovine serum albumin (BSA) and 
incubated with primary antibodies (anti-CDCP1, anti-
CD8) overnight at 4°C. After washing with PBS, sections 
were incubated with fluorophore-conjugated secondary 
antibodies (AF488 and AF555, Thermo) for 1 hour at 
room temperature in the dark. Nuclei were stained with 
4',6-diamidino-2-phenylindole (DAPI), and sections were 
mounted using anti-fade medium. Fluorescence micros-
copy was used for imaging, and the staining intensity was 
evaluated based on the fluorescence signal.

Immunofluorescence labeling
The SiHa human cervical cancer cell line was cultured 
at appropriate density in confocal dishes. The cells were 
then incubated with 1 µg/mL recombinant human 
CD6-Fc fusion protein(17051-H02H-100, Sino Biological) 
or human IgG-Fc fusion protein (fusion protein, Sino 
Biological) at 37°C for 4 hours according to the experi-
mental design.46 After incubation, cell monolayers were 
fixed and permeabilized with 100% methanol for 15 min 
at −20°C. After blocking with 1×PBS containing 10% 
normal donkey serum, 0.3% Triton X-100, and 1% BSA 
for 1 hour, the cells were incubated with primary anti-
bodies (anti-CDCP1, Alexa Fluor 488 donkey anti-human 
IgG (K0001D-AF488, Solarbio)) overnight at 4°C. After 
washing, the cells were incubated with secondary anti-
bodies (Alexa Fluor 555 donkey anti-rabbit) for 2 hours. 
After washing, the nuclei were stained with DAPI. The 
stained cells were then observed and recorded using an 
inverted fluorescence microscope (LSM780, Zeiss).

Cell proliferation assay
Transiently transfected CDCP1 knockdown or overex-
pressing U14 cells and their control groups were seeded 
at a concentration of 5000 cells per well in a 96-well plate 
and incubated at 37°C with 5% CO2. CCK-8 viability assay 
(GK10001, GLPBIO) was performed every 24 hours for 
five consecutive days. Stable transfectants of CDCP1 
knockdown or overexpressing U14 cells after lentiviral 
infection, together with their control groups, were seeded 
at a concentration of 2000 cells per well in a 6-well plate 
and incubated at 37°C with 5% CO₂. After 14 days, cells 
were fixed with 4% paraformaldehyde and stained with 
crystal violet. Cell clone formation was quantified using 
ImageJ.

In vitro co-culture experiment
T cells were isolated from C57 mouse spleen and human 
peripheral blood mononuclear cells (PBMCs) by magnetic 
bead separation according to the manufacturer’s instruc-
tions (EasySep Mouse Pan-Naïve T Cell Isolation Kit, 
19848, STEMCELL Technologies; EasySep Direct Human 
T Cell Isolation Kit, 720305, 19661, STEMCELL Technol-
ogies). The isolated mouse-derived and human-derived T 
cells were then separately co-cultured with CDCP1 knock-
down or overexpressing U14 and SiHa cells, along with 

their corresponding control cells, at a ratio of 10:1. Part of 
T cells in certain experimental groups were preincubated 
with 10 µg/mL anti-CD6(MAB7271,R&D SYSTEMS) or 
IgG (BN20604, BIORIGIN) or 12.5 µM 8PN (I332693, 
Aladdin for 6 hours before co-culture).47 48 Part of the 
co-culture systems was supplemented with anti-CD3/
CD28 (Anti-Mouse CD28 SAFIRE Purified, 10312-25-500, 
PeproTech; Anti-Mouse CD3 SAFIRE Purified, 05112-
25-500, PeproTech; ImmunoCult Human CD3/CD28 T 
Cell Activator, 10971, STEMCELL Technologies) for acti-
vation based on the experimental group. Subsequently, 
tumor cell-specific killing was evaluated by crystal violet 
staining, and T cell functional changes were analyzed 
by flow cytometry and Western blotting. In addition, in 
some of the co-culture systems, T cells were sorted via flow 
cytometry and subjected to downstream RNA sequencing 
to further investigate the molecular changes associated 
with the co-culture conditions.

Flow cytometry
All fluorescent antibodies used for flow cytometry 
were purchased from Biolegend. For human samples, 
fluorescent-conjugated antibodies included PerCP/
Cy5.5 anti-human CD3, FITC anti-human CD4, Pacific 
Blue anti-human CD8, antigen-presenting cell (APC) 
anti-human CD137, and PE anti-human CD107a. For 
mouse samples, fluorescent-conjugated antibodies 
included APC/FIRE750 anti-mouse CD45.2, Percp5.5 
anti-mouse F4/80, APC anti-mouse CD11b, BV650 anti-
mouse CD11C, FITC anti-mouse GR1, BV421 anti-mouse 
ly6G, PE anti-mouse ly6C, FITC anti-mouse CD3, AF700 
anti-mouse CD4, BV650 anti-mouse CD8, PE anti-mouse 
CD25, AF647 anti-mouse Foxp3, BV605 anti-mouse IFNγ, 
and PC7 anti-mouse GZMB. Subcutaneous tumors were 
digested into single-cell suspensions. Single cell suspen-
sions were washed and then blocked with Mouse BD 
Fc Block at 4°C. Single cell suspensions were stained 
with a viability dye (Zombie Aqua Fixable Viability Kit, 
Biolegend) to exclude dead cells. Surface immunofluo-
rescense staining was performed at 4°C for 30 min. For 
intracellular cytokine staining, cells were stimulated with 
50 ng/mL PMA (P8139, Sigma-Aldrich) and 500 ng/mL 
ionomycin (Sigma-Aldrich) in the presence of brefeldin A 
(BD Bioscience) for 4 hours. After stimulation, cells were 
surface stained, fixed, and permeabilized with Biolegend 
Fixation/Permeabilization Buffer, followed by antibody 
staining at 4°C for 50 min. After washing, samples were 
analyzed using the Cytek Aurora flow cytometer, and the 
fluorescence data were analyzed using flowJo software.

Flow cytometry sorting
Following viability staining, the cells were further labeled 
with APC anti-mouse CD3. APC-positive (CD3+) and 
Zombie-Aqua-negative (live) T cells were then sorted 
using a FACSAria cell sorter (BD Biosciences). The sorted 
live CD3+ T cells were collected directly into RNAase-free 
tubes for subsequent RNA sequencing and other down-
stream applications.
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Animal experiments
The animal experiments in this study were conducted 
under the approval of the Animal Ethics and Welfare 
Committee of Sun Yat-sen University. SPF-grade BALB/c 
nude mice (4–6 weeks old, 18–20 g, female) and C57BL/6 
mice (4–6 weeks old, 18–20 g, female) were purchased 
from the Guangdong Medical Laboratory Animal Center 
and housed under SPF conditions throughout the experi-
ments. For xenograft tumor formation, 100 µL containing 
1106 U14 cells (including CDCP1 knockdown or over-
expressing U14 cells and their control groups) were 
injected subcutaneously into the mice. Tumor length (L) 
and width (W) were measured every other day using cali-
pers, and tumor volume was calculated using the formula 
V=L×W2/2. For in vivo treatment, when the subcutaneous 
tumors reached approximately 100 mm3 (around day 10), 
mice were randomly divided into groups and treated with 
injections of 10 mg/kg of anti-PD-1 antibody (BE0146, 
BioXcell), anti-CD6, isotype IgG control (BE0083, BioX-
cell), or 8PN.47 48 three times a week according to the 
experimental design.49 Human endpoints were achieved 
when tumor burden exceeded 1500 mm3 or after 30 days.

Statistical analysis
Statistical analysis was performed by using Prism V.9 
(GraphPad Software). The relationship between CDCP1 
expression and clinicopathologic features was analyzed 
using the χ2 test and Fisher’s exact test. Survival analysis 
was performed using the Kaplan-Meier method and log-
rank test. Data are presented as mean±SEM and evaluated 
by two-tailed Student’s t-test. A value of p<0.05 was consid-
ered statistically significant.

RESULT
Identified CDCP1 correlated with poor prognosis and involved 
in regulating CTL function in cervical cancer
First, we evaluated the CTL scores based on the expres-
sion levels of CD8A, CD8B, GZMA, GZMB, and PRF1 
in the TCGA-CESC(The Cancer Genome Atlas-Cervical 
squamous cell carcinoma and endocervical adenocar-
cinoma) cohort.45 The overall survival analysis revealed 
that patients with high CTL scores had a significantly 
better prognosis compared with those with low CTL 
scores (figure  1A). Based on the methods of Chen 
Leping’s team,50 we explored potential targets for immu-
notherapy by identifying membrane proteins associated 
with immune infiltration within tumors. Therefore, we 
performed differential gene analysis on these two patient 
groups. Subsequently, differential expression analysis 
identified five membrane proteins potentially involved 
in regulating CTL function in cervical cancer, including 
ITGAL, PTPRC, PTPRN, WAS, and CDCP1 (figure 1B). 
Furthermore, we performed survival analysis on these 
five membrane proteins and found that only the expres-
sion level of CDCP1 was associated with patient prog-
nosis (online supplemental figure S1A). Therefore, by 
survival analysis and differential gene analysis based on 

immune scores from the TCGA cervical cancer database, 
we identified CDCP1, a membrane protein-coding gene 
(figure  1C), which is associated with patient prognosis. 
CDCP1 is highly expressed in the low CTL scoring group 
and may play a role in regulating CTL function in cervical 
cancer.

To further investigate the role of CDCP1 in cervical 
cancer, we examined its expression levels in a cohort 
of patients from the First Affiliated Hospital, Sun Yat-
sen University. Both mRNA and protein expression 
levels of CDCP1 were significantly increased in cervical 
cancer tissues compared with normal cervical samples 
(figure 1D,E). These findings suggest that CDCP1 overex-
pression is a common feature in cervical cancer and may 
serve as a prognostic biomarker for poor patient outcomes. 
Representative immunohistochemical images showed 
increased CDCP1 staining intensity in cervical cancer 
tissues compared with normal cervical tissues (figure 1F). 
The percentage analysis of low and high CDCP1 expres-
sion groups further confirmed the upregulation of 
CDCP1 in cervical cancer specimens (figure 1G). In addi-
tion, we performed an immunohistochemical analysis 
of tissue-infiltrating CD3+ and CD8+ T cells in 153 cases 
of cervical cancer tissues, comparing the CDCP1 high 
expression group with the CDCP1 low expression group 
(figure 1H). There was no association between the level 
of tissue infiltrating CD3+T cells and the level of CDCP1 
expression in patients (figure 1H LEFT). However, tissues 
with high CDCP1 expression showed reduced infiltra-
tion of CD8+T cells (figure  1H RIGHT). Similarly, the 
expression level of CDCP1 is negatively correlated with 
functional markers of CTLs in the TCGA cervical cancer 
database (online supplemental figure S1B). We further 
analyzed the relationship between CDCP1 and patholog-
ical parameters related to the prognosis of cervical cancer 
in 176 patients (table 1). The expression level of CDCP1 
is correlated with prognostic factors such as tumor size 
and pelvic lymph node metastasis, which affect the prog-
nosis of cervical cancer. Importantly, overall survival 
analysis based on CDCP1 expression levels revealed a 
significant association between high CDCP1 expression 
and worse patient prognosis (figure 1I). Taken together, 
these results highlight the prognostic value of CDCP1 in 
cervical cancer and show its potential as a therapeutic 
target for further investigation.

The expression level of CDCP1 effected xenograft tumor 
growth in an immune-dependent manner
To investigate the role of CDCP1 in tumor growth, we 
used U14 cells with either CDCP1 knockdown or over-
expression in mouse models. First, we subcutaneously 
injected control cells, CDCP1 knockdown, and overex-
pression U14 cells into 5-week-old female BALB/c-nu 
immunodeficient mice and 6-week-old female C57BL/6J 
immunocompetent mice (n=4 for each group). Repre-
sentative images of tumor formation are shown in 
figure  2A,C. The tumor growth curve showed that 
CDCP1 knockdown significantly inhibited tumor growth 

https://dx.doi.org/10.1136/jitc-2024-009416
https://dx.doi.org/10.1136/jitc-2024-009416
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Figure 1  Identified CDCP1 correlated with poor prognosis and involved in regulating CTL function in cervical cancer. 
(A) Kaplan-Meier survival curves showing the overall survival of patients based on CTL scores (average expression of 
CD8A, CD8B, GZMA, GZMB, and PRF1) in TCGA-CESC(The Cancer Genome Atlas-Cervical squamous cell carcinoma and 
endocervical adenocarcinoma) Cohort. The log-rank test was used to determine the statistical significance of the difference 
between CDCP1 high/low expression groups, with p<0.05 considered statistically significant. (B) Volcano plot depicting the 
analysis of differentially expressed proteins between the CTL low-score group and the CTL high-score group. Each point 
corresponds to a gene, with genes exhibiting significant differential expression highlighted in red (upregulated in the CTL 
low-score group) and blue (downregulated in the CTL low-score group). Genes with |log2FC| greater than 2 and p<0.01 
are considered significantly differentially expressed. Genes encoding membrane proteins that show significant differential 
expression are specifically labeled, including ITGAL, PTPRC, PTPRN, WAS, and CDCP1. (C) Schematic representation of 
systematic screening for immunotherapy targets in cervical cancer using the TCGA database. Through survival analysis and 
differential gene analysis based on immune scores from the TCGA cervical cancer dataset, membrane protein-coding genes 
associated with patient prognosis and low CTL scores were identified as potential targets for immunotherapy. (D) qRT-PCR 
analysis of CDCP1 mRNA expression levels in various patients sample.(E) Western blot analysis of NC (n=12) and CC (n=12) 
tissue samples. (F) Representative IHC images of CDCP1 staining in the NC and CC tissue samples. Bar in ×100, ×200, ×400 
magnifications=200 µm, 100 µm, 50 µm, respectively. (G) Quantification of low and high CDCP1 expression percentages in the 
NC (n=30) and CC (n=176) groups based on the IHC staining results. Data are mean±SEM. Significance was determined using 
Student’s t-test, “ns”: not significant, **p<0.01, ****p<0.0001. CC, cervical cancer (n=56); CTL, cytotoxic T lymphocyte; IHC, 
immunohistochemistry; NC, normal cervix (n=35).
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Table 1  The clinical and pathological parameters analysis of CDCP1 in cervical cancer

Clinicopathological variable Total (N=176) Low expression High expression P value

Age/years 92 84

 � ≤42 67 33 34

 � >42 109 59 50 0.5296

FIGO stage

 � Ia2 5 3 2

 � Ib1 40 24 16

 � Ib2 53 31 22

 � Ib3 17 7 10

 � IIa1 17 11 6

 � IIa2 7 4 3

 � IIB 3 2 1

 � IIIC 34 10 24 0.1083

Tumor size

 � ≤4 135 77 58

 � >4 41 15 26 0.02166

Pathological types

 � Squamous cell carcinoma 152 79 73

 � Adenocarcinoma 16 9 7

 � Adenosquamous carcinoma 8 4 4 0.9438

Stromal invasion

 � <1/2 68 33 35

 � ≥1/2 108 59 49 0.4302

Lymphovascular space invasion

 � Yes 24 13 11

 � No 152 79 73 0.8416

Differentiation grade

 � Well 16 10 6

 � Moderate 41 20 21

 � Poor 119 62 57 0.6464

Pelvic lymph node metastasis

 � Yes 34 10 24

 � No 142 82 60 0.002967

Vaginal invasion

 � Yes 27 17 10

 � No 149 75 74 0.2268

Parametrial infiltration

 � Yes 3 2 1

 � No 173 90 83 1

Reccurrence

 � Yes 14 2 12

 � No 162 90 72 0.003017

Vital status at follow-up

 � Alive 160 88 72

 � Dead 16 4 12 0.02198

Significance was determined using Chi-squared test. Bold text indicates P< 0.05 and results are statistically significant.
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Figure 2  The expression level of CDCP1 effected xenograft tumor growth in an immune-dependent manner. (A, B) 
Subcutaneous injection of control cells, CDCP1 knockdown, and CDCP1 overexpression U14 cells into 5-week-old female 
BALB/c-nu immunodeficiency mice (n=8 for each group). Representative images are shown in A, B. The line graph depicts the 
tumor growth curve of mice. Scale bar:50 mm. Values are presented as the mean±SD. *p<0.05, **p<0.01. (C, D) Subcutaneous 
injection of control cells, CDCP1 knockdown, and CDCP1 overexpression U14 cells into 6-week-old female C57BL/6J 
immunocompetent mice (n=8 for each group). Representative images are shown in (C, D). The line graph shows the tumor 
growth curve of mice. Scale bar:50 mm. Values are presented as the mean±SD ns, not significant. *p<0.05, **p<0.01. (E–G) 
Proliferation of control cells, CDCP1 knockdown, and CDCP1 overexpression U14 cells analyzed by CCK-8 assay (E) and 
colony formation assay (F, G). Data represent at least three independent experiments. Values are presented as the mean±SEM. 
Significance was determined using one way ANOVA test, *p<0.05, **p<0.01. ANOVA, analysis of variance; ns, not significant.
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in immunocompetent mice compared with control cells, 
while CDCP1 overexpression had the opposite effect 
(figure  2B,D). These results indicate that CDCP1 plays 
a critical role in promoting tumor growth in vivo in an 
immune-dependent manner.

To elucidate the mechanisms underlying the effects 
of CDCP1 on tumor growth, we evaluated the prolifer-
ation of control cells, CDCP1 knockdown, and overex-
pression U14 cells using CCK-8 and colony formation 
assays. Figure 2E shows that the proliferation level of U14 
cells themselves is not affected by knockdown or over-
expression of CDCP1. Similarly, the colony formation 
assays show that the long-term proliferation capacity of 
U14 cells themselves is not affected by the knockdown or 
overexpression of CDCP1 (figure 2F,G). This result indi-
cates that CDCP1 does not affect the proliferation level of 
tumor cells themselves, further suggesting that the influ-
ence of CDCP1 on in vivo tumor growth occurs through 
immunological pathways.

Analysis of different expression levels of CDCP1 affection on 
tumor-infiltrating immune cells in immunocompetent mouse 
models
To investigate the effect of CDCP1 interference on tumor-
infiltrating immune cells, we established a murine tumor 
model by subcutaneous injection of U14 tumor cells with 
different levels of CDCP1 expression into immunocom-
petent C57 mice. Tumors were harvested for flow cytom-
etry analysis on day 10 after tumor palpation.

Figure  3A shows the frequencies of different types of 
tumor infiltrating immune cells were analyzed. Compared 
with the control group, there were no significant changes 
in the numbers of CD45+leucocytes, CD11B+myeloid 
cells, neutrophils, macrophages, CD3+T cells, and CD4+T 
cells in either the CDCP1 knockdown or CDCP1 overex-
pression groups. Compared with the control group, the 
subcutaneous tumors implanted with CDCP1 knockdown 
U14 tumor cells showed a significant increase in the infil-
tration of CD8+T cells, with a notable increase in the 
proportion of GZMB+IFNγ+ cytotoxic T cells. In contrast, 
the proportion of CD25+FOXP3+ regulatory T cells 
(Tregs) decreased significantly. Conversely, in the subcu-
taneous tumors implanted with CDCP1-overexpressing 
U14 tumor cells, the pattern of immune cell infiltration 
was completely opposite. These results suggest that the 
effect of CDCP1 on in vivo tumor growth may be medi-
ated through its influence on the functionality of tumor-
infiltrating T lymphocytes.

Therefore, we established co-culture systems of murine 
and human tumor cell lines with corresponding T cells 
of the same species in vitro. We observed whether inter-
fering with the expression level of CDCP1 on tumor 
cells directly affects the functional status of T cells in the 
co-culture system.

After 48 hours of co-culture with activated T cells 
(tumor-to-T cell ratio=1:10), the cell survival rates of 
murine U14 tumor cells and human SiHa tumor cells 
with different levels of CDCP1 expression were measured 

(online supplemental figure 2A). In both the murine 
cervical cancer tumor cell-T cell co-culture system and 
the human tumor cell-T cell co-culture system, compared 
with the control group, the survival rate of CDCP1 knock-
down tumor cells under the specific cytotoxic effect of 
T cells was significantly decreased compared with the 
control group, while the survival rate of CDCP1 overex-
pressing tumor cells was increased (online supplemental 
figure 2B,C).

Meanwhile, we analyzed the activation level of T cells 
in the co-culture system by flow cytometry. Murine T cells 
were co-cultured with different CDCP1 levels of U14 cells 
at a ratio of 2.5:1 for 16 hours. Consistent with the specific 
tumor-killing effect, the frequency of IFNγ+ and GZMB+-
cytotoxic T cells, which are the main effectors of tumor 
killing, was highest when co-cultured with CDCP1 knock-
down tumor cells and significantly lower when co-cultured 
with tumor cells overexpressing CDCP1 (online supple-
mental figure 2D). In the co-culture system of human 
tumor cells and T cells, we simultaneously observed the 
differences in CD107a+CD137+ activated CD8+ T cells. 
Similarly, the frequencies of IFNγ+ and GZMB+cytotoxic 
T cells as well as CD107a+CD137+ CTL were both highest 
when co-cultured with CDCP1 knockdown tumor cells 
and significantly lower when co-cultured with tumor 
cells overexpressing CDCP1 (online supplemental figure 
2E,F).

Collectively, our results demonstrate that CDCP1 on 
tumor cells affects the composition and function of tumor-
infiltrating immune cells in immunocompetent mouse 
models and promote an antitumor immune response 
characterized by increased cytotoxic activity of CTLs and 
decreased frequency of immunosuppressive Tregs. These 
results highlight the importance of CDCP1 as a potential 
therapeutic target for modulating the tumor immune 
microenvironment in cancer therapy.

CDCP1 impairs T cell-mediated antitumor immunity via CD6
Based on previous research, CD6 is a surface glycoprotein 
on T cells that regulates T cell activation through interac-
tion with its ligand.51 52 CDCP1, which has been observed 
to be upregulated in numerous tumors, has been identi-
fied as the second ligand of CD6.53 We hypothesize that in 
cervical cancer, the regulatory role of CDCP1 on the func-
tion of tumor-infiltrating T cells is mediated through its 
interaction with CD6. Therefore, we investigated whether 
CD6 blockade can abolish the effects of CDCP1 on tumor-
infiltrating T cells.

Previous studies have highlighted the potential of CD6 
as an immunotherapy target. Similarly, our experimental 
results sshow that injection of anti-CD6 monoclonal anti-
body into immunocompetent mice significantly inhibits 
tumor growth. In the presence of anti-CD6, the effect of 
CDCP1 knockdown on tumor growth is not significant 
compared with the control group (figure 4A,B).

Furthermore, flow cytometric analysis was performed 
to evaluate changes in the functionality of infiltrating 
T cells in the tumor. The results showed that anti-CD6 

https://dx.doi.org/10.1136/jitc-2024-009416
https://dx.doi.org/10.1136/jitc-2024-009416
https://dx.doi.org/10.1136/jitc-2024-009416
https://dx.doi.org/10.1136/jitc-2024-009416
https://dx.doi.org/10.1136/jitc-2024-009416
https://dx.doi.org/10.1136/jitc-2024-009416
https://dx.doi.org/10.1136/jitc-2024-009416
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Figure 3  Analysis of different expression level of CDCP1 affection on tumor-infiltrating immune cells in immunocompetent 
mice models. (A) Control cells, CDCP1 knockdown and overexpression U14 cells formatted xenograft tumors in 
immunocompetent mice. Tumors were harvested and analyzed using flow cytometry. Myeloid cells, neutrophils, macrophages 
(n=4) and T cells (n=4) were analyzed. Statistics were performed using a Student’s t-test between groups. *p<0.05, **p<0.01, 
***p<0.001. (B) Representative flow cytometry images frequencies of IFNγ+GZMB+ CTLs, Foxp3+CD25+Treg between groups. 
ns, not significant.
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Figure 4  CDCP1 impair T-cell-mediated antitumor immunity through CD6. (A, B) Subcutaneous injection of control and CDCP1 
knockdown U14 cells into 6-week-old female C57BL/6J immunocompetent mice (n=4 for each group). When tumors reaching 
a volume of 100 mm3, mice were randomly divided into groups and were intravenously injected with anti-CD6 monoclonal 
antibody or IgG control. Representative images are shown in A. Scale bar:50 mm. (B) The line graph illustrates the tumor growth 
curve of mice. Data are presented as the mean±SD. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. (C) Frequencies of CD8+T 
cell, IFNγ+ GZMB+ CTLs and Foxp3+CD25+Treg in xenografts were analyzed. Data are presented as the mean±SD. Statistics 
were performed using a Student’s t-test between groups. *p<0.05, **p<0.01, ***p<0.001. (D–F) Murine U14 cells with different 
CDCP1 level were co-cultured with activated T cells (tumor-to-T cell ratio=1:2) for 48 hours with anti-CD6 monoclonal antibody 
or IgG control in vitro. Cells were subjected to crystal violet staining. Relative fold ratios of surviving tumor cell intensities are 
shown in E. Frequencies of IFNγ+ and GZMB+CTLs were quantified, as in F. Data are presented as the mean±SD. Statistics 
were performed using a Student’s t-test between groups. ns, not significant,***p<0.001. (G) Representative immunofluorescence 
labeling images indicated the interaction between CDCP1 and exogenous CD6 protein. Following incubation with recombinant 
human CD6-Fc fusion protein or human IgG, CDCP1 was diffusely distributed across the membrane and cytoplasm of SiHa 
cells (red signal). In the group treated with the exogenous CD6-Fc recombinant protein, CDCP1 binding to CD6 resulted in Fc 
staining positivity on the SiHa cell membrane (green signal). Scale bar: 5 µm.
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monoclonal antibody increased the proportion of infil-
trating CD8+T cells within the tumor compared with the 
control group, with a significant increase in the propor-
tion of IFNγ+ GZMB+ cytotoxic T cells. Conversely, the 
proportion of inhibitory Tregs was significantly reduced. 
Notably, under the influence of anti-CD6, the effect 
of CDCP1 knockdown on the functionality of tumor-
infiltrating T cells was not observed (figure 4C).

Meanwhile, we investigated whether CD6 blockade 
directly affects the interaction between tumor cells and T 
cells in an in vitro co-culture model. Compared with the 
control group, the addition of anti-CD6 in the co-culture 
system significantly increased the cytotoxicity of T cells 
against U14 tumor cells. Flow cytometric analysis revealed 
a significant increase in the proportion of activated cyto-
toxic T cells. However, under conditions of CD6 blockade 
conditions, the effect of CDCP1 knockdown tumor cells 
on the co-cultured T cells was minimal (figure 4D–F).

Taken together, our results showed that the CDCP1 
attenuated T cell-mediated antitumor immunity through 
CD6.

CDCP1 binds to CD6 and inhibits the JAK-STATs signaling
Using immunofluorescence (IF) labeling techniques,46 
we observed that CDCP1 binds to externally added CD6 
protein in the human tumor cell line SiHa, compared 
with the control group (figure 4G). This finding is consis-
tent with previous literature identifying CDCP1 as a 
second ligand for CD6.53 We then investigated into how 
CDCP1 on the surface membrane of tumor cells affects T 
cell function through the T cell receptor CD6. To eluci-
date the signaling pathways affected by the interaction 
between CDCP1 and CD6 in T cells, RNA-seq analysis 
was performed on T cells co-cultured with CDCP1 over-
expressing U14 cells versus control U14 cells, both stim-
ulated with anti-CD3/CD28 antibodies for 24 hours. On 
downstream Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analysis of differentially expressed genes 
between the two groups, downstream pathways related to 
tumor immunity such as the JAK-STAT signaling pathway 
and cytokine-cytokine receptor interaction were found to 
be suppressed in T cells co-cultured with CDCP1 overex-
pressing U14 tumor cells (figure  5A). Gene set enrich-
ment analysis further indicated a strong depression of the 
JAK-STAT signaling pathway in CDCP1 overexpressing 
U14 co-cultured T cells (figure  5B). In addition, we 
performed qRT-PCR to identify the activation of JAK-
STAT pathway in the T cells co-cultured with U14 tumor 
cells with different levels of CDCP1. Compared with the 
control group, the target genes of the JAK-STAT signaling 
pathway, including Ifnγ, Ifngr1, and Il2, were downreg-
ulated, while Il6 and Il10 were upregulated, confirming 
the suppression of the JAK-STAT signaling pathway in T 
cells co-cultured with CDCP1 overexpressing U14 cells 
(figure  5C). Based on the literature review, the JAK-
STAT signaling pathway in T cells was found to regulate 
the differentiation and function of CTLs by controlling 
the transcription and expression of immune-related 

genes.54–56 Suppression of the JAK-STAT signaling 
pathway reduced the production of cytotoxic molecules 
such as GZMB and IFNγ.

In addition, suppression of the JAK-STAT signaling 
pathway can regulate the production of cytokine and the 
receptor signal transduction, leading to transcriptional 
production of IL2 or IL10. This increases the infiltration 
and activation status of immunosuppressive cells such as 
regulatory T cells (TREGs) within the tumor microenvi-
ronment, thereby impairing antitumor immunity.

At the same time, the expression levels of JAK-STAT 
signaling activation proteins, such as pJAK1, pSTAT1, 
and pSTAT3, were assessed in T cells co-cultured with 
CDCP1 knockdown U14 cells and control U14 cells. 
In T cells co-cultured with CDCP1 knockdown cells, 
the levels of phosphorylated JAK1, STAT1, and STAT3 
proteins increased over time after activation compared 
with controls. However, the total protein levels of JAK1, 
STAT1, and STAT3 remained unchanged (figure  5D). 
These results suggest that the influence of CDCP1 on the 
JAK-STAT signaling pathway in T cells may be mediated 
by modulating the phosphorylation of key molecules 
such as JAK1, STAT1, and STAT3.

Based on our previous experiments, we have found 
that the effect of CDCP1 on T cell function requires 
mediation by the CD6 receptor on T cells. Next, we 
investigated whether the effect of CDCP1 on JAK-STAT 
signaling in T cells is mediated by CD6. We added anti-
CD6 mAb to the co-culture system to block the inter-
action between CDCP1 on tumor cells and CD6 on T 
cells. The results showed that overexpression of CDCP1 
significantly reduced the phosphorylation levels of 
JAK1, STAT1, and STAT3 compared with the control 
group. However, after the addition of anti-CD6 mAb, 
CDCP1 overexpression was unable to reduce the phos-
phorylation levels of JAK1, STAT1, and STAT3 in T cells 
(figure 5E).

To identify the interaction of CD6 and JAK1 inside 
the T cell, the CD6 protein was tagged by FLAG in the 
CD8+T cells from the spleen of the C57 mice and immu-
noprecipitation was performed using FLAG antibody or 
control IgG. The experiment demonstrated an interac-
tion between CD6 and JAK1 within the T cells (figure 5F).

We further investigated whether the CDCP1 inhibitor 
8PN48 activates JAK-STAT signaling in T cells. T cells 
co-cultured with CDCP1-overexpressing U14 cells were 
pretreated with or without 8PN and then activated with 
CD3 and CD28 antibodies for 30 min. Treatment with 8PN 
significantly downregulated the expression of CDCP1 in 
tumor cells as described in previous literature.48 Consis-
tent with CDCP1 downregulation, the phosphorylation 
of JAK1-STAT1/3 was observed in T cells of both CDCP1 
overexpressing group and control group. These results 
suggest that CDCP1 inhibitor 8PN activates the JAK1-
STAT1/3 signaling pathway in T cells (figure 5G).

Most importantly, there experiment elucidated the 
effect of CDCP1 on tumor cells binds to CD6 and inhibits 
JAK-STATs signaling of T cells.
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Figure 5  CDCP1 inhibits the JAK-STATs signaling of T cells. (A) Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis 
of RNA-seq data of active T cells co-cultured with of CDCP1 overexpressing U14 cell vs control U14 cells for 24 hours. 
(B) GSEA analysis of the differentially expressed genes (from RNA-seq datasets) involved in the suppression of JAK-STAT 
signaling pathway in T cells co-cultured with CDCP1 overexpressing U14 cells compared with T cells co-cultured with control 
U14 cells. p<0.001. (C) qPCR validation of the expression of genes downstream JAK-STAT signaling pathway in active T cells 
co-cultured with different CDCP1 expression level U14 cells. (D) The activation of the JAK-STAT pathway was assessed in the 
lysates of T cells co-cultured with control and CDCP1 knockdown U14 cells, following stimulation with anti-CD3 and anti-CD28 
antibodies for 10–30 min. (E) The activation of the JAK-STAT pathway was assessed in the lysates of T cells co-cultured with 
control and CDCP1-overexpressing U14 cells, with or without anti-CD6 blockade. (F) Immunoprecipitation assay identified 
the interaction between CD6 and JAK1 in T cells. Murine T cell were transfected with CD6-3xFlag plasmid. Cell lysates were 
immunoprecipitated with Flag antibody and analyzed by immunoblot with anti-JAK1 and anti-Flag. (G) CDCP1 inhibitor 8PN 
activates the JAK1-STAT1/3 signaling pathway in T cells. After pretreated with 8PN or DMSO for 24 hours, the activation of 
the JAK-STAT pathway was assessed in the lysates of T cells co-cultured with control and CDCP1-overexpressing U14 cells. 
Significance was determined using Student’s t-test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. ns, not significant.
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Targeting CDCP1 suppressed cervical cancer growth
To investigate the potential of CDCP1 as an immune 
checkpoint target for cervical cancer therapy, we used the 
CDCP1 inhibitor, 8PN, aiming to evaluate its therapeutic 
efficacy in an immunocompetent model.

We initiated drug treatment when the subcutaneous 
tumors reached approximately 100 mm3 (around day 
10). Experimental results showed that the CDCP1 inhib-
itor 8PN significantly suppressed the in vivo growth of 
cervical cancer cells and tumor weight (figure 6A–C). In 
addition, combined treatment with anti-PD1 monoclonal 
antibody showed a more pronounced inhibitory effect on 
tumor growth.

Next, we used IF to examine the levels of tumor-
infiltrating T cells in subcutaneous tumor samples. The 
results showed a significant increase in the levels of infil-
trating T cells in the group treated with the CDCP1 inhib-
itor 8PN compared with the control group (figure 6D–E). 
This suggests that the inhibition of tumor growth in vivo is 
most likely due to the enhancement of antitumor immu-
nity within the microenvironment facilitated by CDCP1 
inhibition.

Collectively, our findings provide robust evidence for 
the potential of CDCP1 to enhance antitumor immu-
nity and improve clinical outcomes. Targeting CDCP1 
to enhance CD8+T cell-mediated cytotoxicity may prove 
to be a promising immunotherapeutic approach in the 
treatment of cervical cancer.

DISCUSSION
In this study, we investigated the potential of CDCP1 
as an immunotherapeutic target in cervical cancer and 
demonstrated its tumor overexpression and association 
with poor prognosis and low CTL infiltration in both 
the TCGA-CESC and FAH-SYSU cohorts. Using xeno-
graft models in both immunocompetent and immu-
nodeficient mice, we found that CDCP1 deficiency 
suppressed tumor growth in immunocompetent mice, 
highlighting the role of immune cells in mediating the 
effects of CDCP1 on tumor growth. CDCP1 overexpres-
sion was associated with decreased CTL infiltration and 
increased regulatory T cells (Tregs) in tumors, while 
the opposite was observed with low CDCP1 expression. 

Figure 6  Targeting CDCP1 suppressed cervical cancer growth. (A–C) Subcutaneous injection of U14 cells into 6-week-old 
female C57BL/6J immunocompetent mice. When tumors reaching a volume of 100 mm3, mice were randomly divided into 
groups and were intravenously injected with anti-CD6 monoclonal antibody, anti-PD1 antibody, anti-CD6 antibody plus anti-
PD1 antibody or IgG control. Representative images are shown in A. Scale bar: 50 mm. (B) of the resected tumor at day 28 
after inoculation. Data are representative of two independent experiments. Values are presented as the mean±SEM. (C) The 
line graph illustrates the tumor growth curve of mice. Values are presented as the mean±SEM. Statistical significance was 
determined by Student’s t-test. **p<0.01, ***p<0.001. (D–E) The infiltration of CD8+T cell in cervical cancer xenograft specimen 
of CDCP1 inhibitor 8PN treatment group and control group. (D). Representative immunofluorescence images of two groups. 
White dashed line marks the boundary between the tumor tissue and the adjacent non-cancerous tissue. Scale bar: 50 µm. 
(E). Data are shown as mean±SEM. Statistical significance was determined by Student’s t-test. ns, not significant. *p<0.05, 
**p<0.01, ***p<0.001. ns, not significant.
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Co-culture experiments further confirmed that CDCP1 
on tumor cells directly interacts with T cells in the 
tumor microenvironment, influencing their differenti-
ation and function. This study provides the first experi-
mental evidence of CDCP1’s interaction with T cells in 
cervical cancer.

Furthermore, we investigated the mechanisms by which 
CDCP1 induces immune evasion in cervical cancer. The 
gene expression data and detection of protein phosphor-
ylation levels in figure  5 showed that overexpression of 
CDCP1 inhibited the JAK-STAT signaling of co-cultured T 
cells. This is a classical pathway that regulates T cell activa-
tion by inducing the expression of cytokines and growth 
factors. We have thus demonstrated a novel mechanism 
of CDCP1 in the suppression of T cell activity.

CD6 is a type I transmembrane glycoprotein ranging 
of 105–130 kDa and belongs to the ancient and highly 
conserved scavenger receptor cysteine-rich super-
family. CD6 is exclusively expressed by lymphocytes, 
including most mature T cells and approximately 50% 
of NK cells.57 58 Previous studies have implicated CD6 
functioned in T cell activation and immune responses. 
While the inhibitory function of CD5 is well established, 
it remains controversial regarding whether CD6 may 
have similar or antagonistic roles in T cell signaling.59 60 
CD6 is involved in lymphocyte activation, proliferation, 
and survival through interactions with its endogenous 
ligands. Previous studies have identified two ligands for 
CD6: CD166/Activated Leukocyte Cell Adhesion Mole-
cule (ALCAM)61 and CD318, also known as CDCP1.53

ALCAM, a member of the immunoglobulin super-
family, is widely expressed in various tissues, including 
endothelial and epithelial cells and APCs.62 The CD6/
ALCAM interaction plays a multifaceted role in T cell 
activation and function. Initially, CD6 colocalizes with the 
TCR/CD3 complex and binds to ALCAM expressed on 
APCs. This interaction strengthens the immune synapse, 
thereby prolonging T cell/APC interaction time, which 
is essential for optimal activation of cytotoxic T cells.63 
Costimulation of CD3 on PBMCs with ALCAM enhances 
T cell activation.

However, our experimental results have shown for the 
first time that CDCP1 binds to CD6 and inhibits T cell 
activation, suggesting that CDCP1, unlike ALCAM, may 
exert an inhibitory effect on T cell activity. ALCAM and 
CDCP1 are both ligands of CD6, but their effects on T cell 
regulation on binding to CD6 are opposite. This leads us 
to consider that the activation of T cells, facilitated by 
the binding of ALCAM to CD6 on APCs, may be a conse-
quence of antigen recognition by the TCR/CD3 complex. 
It raises the question of whether the high expression of 
CDCP1 on tumor cells competes with ALCAM for CD6 
binding, disrupting the binding of ALCAM to CD6, 
thereby inhibiting costimulation of CD3 on PBMCs with 
ALCAM, enhancing T cell activation and downstream 
T-cell activation, and promoting tumor immune evasion. 
However, this hypothesis requires further experimental 
validation in the future.

Finally, we evaluated the therapeutic effect of CDCP1 
inhibitor 8PN treatment in a cervical cancer mouse 
model. Our results showed that 8PN effectively reduced 
CDCP1 expression both in vitro and in vivo (figures 5G 
and 6E), indicating its role as a CDCP1 inhibitor.

While 8PN has been shown to target CDCP1, we recog-
nize the possibility of off-target effects. As a phytoestrogen 
analog, previous studies have reported that 8PN may affect 
the proliferative capacity of breast cancer cells through 
estrogen receptors (ER) on the tumor cell membrane.64 
In cervical cancer, den Boon JA et al found that ER expres-
sion was significantly lower in cervical cancer tissues 
compared with normal tissues, with ER primarily local-
ized primarily to stromal fibroblasts rather than tumor 
cells.65 This suggests that the direct estrogen-like effects 
of 8PN on cervical cancer cells may be limited. However, 
8PN could potentially affect tumor growth through its 
action on ER-expressing fibroblasts in the tumor stroma.

Interestingly, in our mouse model, 8PN was observed 
to enhance CD8+T cell infiltration into subcutaneous 
tumors (figure  6D,E), suggesting that 8PN may also 
modulate antitumor immunity. Given the complex role of 
estrogen in cervical cancer, which remains inconclusive, 
further studies are needed to clarify these mechanisms. 
In addition, the combination of PD-1 monoclonal anti-
body with CDCP1 inhibition resulted in enhanced tumor 
suppression (figure  6A–C), suggesting that targeting 
CDCP1 may provide therapeutic benefit. These findings 
highlight the potential of CDCP1 inhibition as an immu-
notherapeutic strategy, but further research is warranted 
to fully understand its mechanisms and optimize its clin-
ical application.

Overall, our study provides valuable insights into the 
potential role of CDCP1 as an immunotherapeutic target 
in the treatment of cervical cancer. Further investigation 
is warranted to elucidate the underlying mechanisms 
and to validate the efficacy of CDCP1-targeted immuno-
therapy in the clinical setting.
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