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Summary

Background: The aim of this study is to investigate the
diagnostic and prognostic value of combined detection of
serum platelet-derived growth factor (PDGF) and
Treg/Th17 in hepatocellular carcinoma (HCC).

Methods: We included 204 HCC patients managed with
drug eluting beads-transcatheter arterial chemoemboliza-
tion (D-TACE) and 100 healthy controls. Serum PDGF con-
centrations were measured via enzyme-linked immunosor-
bent assay (ELISA), while flow cytometry quantified Treg
and Th17 cell proportions. The predictive performance of
PDGF, Th17/Treg, and their combination for HCC diagno-
sis, therapeutic response, and 1-year overall survival (OS)
was evaluated using receiver operating characteristic
(ROC) analysis, Kaplan-Meier survival curves.

Results: HCC cases exhibited notable elevations in serum
PDGF concentrations and Th17/Treg than healthy con-
trols, with tumor tissue PDGF expression significantly cor-
relating with serum levels (P < 0.05). In addition, we found
a positive correlation between PDGF, Th17/Treg and tumor
markers in HCC patients (P < 0.05). PDGF + Th17/Treg
detection yielded an area under the curve (AUC) of 0.835
(68.14% sensitivity, 82.00% specificity), surpassing individ-
ual markers. For predicting D-TACE non-response (progres-
sive disease, PD), the combined detection showed 71.70%
sensitivity and 84.11% specificity. The 1-year OS rates of
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Kratak sadrzaj

Uvod: Cilj ove studije je ispitivanje dijagnosti¢ke i prognos-
ticke vrednosti kombinovane detekcije serumskog faktora
rasta izvedenog iz trombocita (PDGF) i Treg/Th17 kod
hepatocelularnog karcinoma (HCC).

Metode: Ukljucili smo 204 pacijenta sa HCC le¢enih tran-
skateterskom arterijskom hemoembolizacijom sa lekom (D-
TACE) i 100 zdravih kontrola. Koncentracije serumskog
PDGF merene su imunosorbentnim testom povezanim sa
enzimima (ELISA), dok je proto¢na citometrija kvantifiko-
vala proporcije Treg i Th17 Celija. Prediktivna efikasnost
PDGF, Th17/Treg i njihove kombinacije za dijagnozu HCC,
terapijski odgovor i jednogodi$nje ukupno prezivljavanje
(OS) procenjena je koris¢enjem ROC analize i Kaplan-
Majerovih krivih preZivljavanja.

Rezultati: Slucajevi HCC-a pokazali su znadajno poveéanje
koncentracija PDGF u serumu i Th17/Treg u poredeniju sa
zdravim kontrolama, pri ¢emu je ekspresija PDGF u tumor-
skom tkivu znacajno korelirala sa nivoima u serumu (P < 0,05).
Pored toga, pronasli smo pozitivnu korelaciju izmedu PDGF,
Th17/Treg i tumorskih markera kod pacijenata sa HCC-om
(P < 0,05). Detekcija PDGF + Th17/Treg dala je povrSinu
ispod krive (AUC) od 0,835 (senzitivnost 68,14%, specifi¢-
nost 82,00%), prevazilaze¢i pojedina¢ne markere. Za pred-
vidanje neodgovora na D-TACE (progresivna bolest, PD),
kombinovana detekcija je pokazala osetljivost od 71,70% i
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the high PDGF group and the high Th17/Treg group were
75.19% (97/129) and 61.22% (30/49), respectively, while
the 1-year OS rates of the low PDGF group and the low
Th17/Treg group were 92.00% (69/75) and 87.74%
(136/155), respectively (P < 0.05). The AUC of the com-
bined model for predicting death was 0.705.

Conclusions: PDGF combined with Th17/Treg showed
excellent diagnostic value for the occurrence and poor
prognosis of HCC.

Keywords: PDGF, Th17/Treg, liver cancer, D-TACE,
combined detection, diagnosis

Introduction

Hepatocellular carcinoma (HCC) is a leading
contributor to global cancer-associated deaths, with
its incidence progressively increasing and outcomes
remaining dismal (1). How to achieve rapid and accu-
rate diagnosis and prognosis evaluation of HCC is still
a hot and difficult point in modern clinical research
(2). However, existing predictive models mostly rely
on imaging evaluation (such as modified Response
Evaluation Criteria in Solid Tumors SmRECISTC), tra-
ditional serum markers (e.g. alpha-fetoprotein
SAFPC), or clinicopathological features, resulting in
insufficient sensitivity and specificity.

In recent years, the role of tumor microenviron-
ment (TME) in HCC carcinogenesis, progression, and
therapeutic responses has garnered growing atten-
tion (3). Platelet-derived growth factor (PDGF), a crit-
ical mediator of angiogenesis and fibrosis, is highly
expressed in HCC (4). Increased serum PDGF expres-
sion has been associated with enhanced invasion,
vascular infiltration, and metastasis as well as poor
prognosis in HCC, possibly by promoting tumor
angiogenesis, enhancing cancer cell proliferative,
invasive, and migrative potentials, and shaping the
immunosuppressive microenvironment (5). On the
other hand, T cell-driven immunity is vital for HCC
control, with T lymphocyte dynamics and functional
status influencing disease progression and treatment
efficacy (6). However, current studies primarily focus
on individual biomarkers (7, 8), with limited explo-
ration of how PDGF (pro-tumor) and T cells (anti-
tumor) jointly predict HCC progression.

Despite the crucial role of both PDGF and T
cells in HCC development, the feasibility of serum
PDGF expression combined with peripheral blood T
cell dynamics as a robust and independent predictor
of therapeutic response and survival after D-TACE
remains to be systematically studied. This study intro-
duces and validates a novel biomarker combination—
“serum PDGF + peripheral blood T cells"—for pre-
dicting post-D-TACE treatment response. Unlike
single-dimensional approaches, this model integrates
two critical biological processes (PDGF-driven tumor
progression and T cell-mediated immunity), offering

specifi¢nost od 84,11%. Jednogodisnje stope preZivljavanija
nakon jedne godine kod grupe sa visokim PDGF-om i grupe
sa visokim Th17/Treg-om bile su 75,19% (97/129) i 61,22%
(30/49), respektivno, dok su jednogodidnje stope prezivlja-
vanja nakon jedne godine kod grupe sa niskim PDGF-om i
grupe sa niskim Th17/Treg-om bile 92,00% (69/75) i
87,74% (136/155), respektivno (P < 0,05). AUC kombino-
vanog modela za predvidanje smrti bio je 0,705.
Zakljuéak: PDGF u kombinaciji sa Th17/Treg pokazao je
odli¢nu dijagnosti¢ku vrednost za pojavu i loSu prognozu
HCC-a.

Kljuéne reéi: PDGF, Th17/Treg, rak jetre, D-TACE, kom-
binovana detekcija, dijagnoza

a more comprehensive prognostic assessment.
Additionally, investigating their dynamic interplay and
association with radiological/survival endpoints could
enhance our understanding of post-D-TACE TME
alterations.

Materials and Methods
Research subjects

Based on sample size estimation results (Figure
1), 204 HCC patients were included as the research
participants. Inclusion criteria: Participants aged 18-
75 years with Child-Pugh A or B (9) were included;
HCC diagnosis was established through imaging or
histopathology; An ECOG performance score (10) of
0 or 1 was required, underwent radical resection of
HCC in our hospital, and drug eluting beads-tran-
scatheter arterial chemoembolization (D-TACE) was
performed 4 weeks after surgery. Exclusion criteria:
Individuals who underwent D-TACE or received
immunomodulatory/targeted agents were excluded;
Those with concurrent malignancies or autoimmune
diseases were ineligible; Impaired hepatic/renal func-
tion (eGFR <60 mL/min) led to exclusion. In addi-
tion, 100 healthy controls matched by age and sex to
the HCC patients were enrolled during the same peri-
od. Inclusion criteria for controls included an age
range of 18-75 and no major medical history (based
on health screenings at our center). Exclusion criteria
for controls comprised liver dysfunction (ALT > 40
U/L or AST > 40 U/L) or other malignant diseases
detected during health examinations. This study
received ethical approval from our hospital’s review
board, and all participants provided written consent.
Research procedures adhered to the Helsinki
Declaration.

Treatment Plan and Evaluation

All patients underwent radical resection and D-
TACE in our hospital. The Seldinger technique was
employed for femoral artery access in HCC patients,
with subsequent superselective catheterization of
tumor-feeding arteries (11). Embolization was then
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Figure 1 Sample Size Estimation Results. Sample size Determination Based on Power Analysis. Set a.=0.05, B=0.2, and Effect
Size =0.2 based on prior PDGF studies in HCC (11), we calculated that the total sample size should be 180. In addition, the pos-
sibility of 10% shedding was also considered. A total of 204 HCC patients and 100 healthy controls were enrolled, which met the

statistical requirements.

performed using adriamycin-loaded microspheres
(DEB, 100-300 pm) until blood flow cessation.
Therapeutic outcomes were measured after 4-6
weeks per the mRECIST criteria (12), including com-
plete response (CR), partial response (PR), stable dis-
ease (SD) and progressive disease (PD), disease con-
trol rate (DCR) =CR+PR+SD.

Laboratory Testing

Fasting venous blood (5 mL) was taken from two
subject groups at admission and from HCC patients
after D-TACE. After centrifugation (3000 rpm, 15 min),
serum was collected, aliquoted into PE tubes, and
frozen at -80 °C. Subsequently, the ELISA technique
was utilized to measure serum PDGF levels as per the
kit instructions (Cusabio, CSB-E04687h). 100 uL of
capture antibody working solution was added to each
well and coated overnight at 4 °C. The coating solution
was discarded and 200 pL blocking solution was added
to each well and blocked for 1h at 37 °C. The standard
was serially diluted from high concentration to low con-
centration according to the manufacturer’s instruc-
tions, and 50 pL of standard/sample to be tested was
added to each well and incubated at 37 °C for 1h. The
liquid in the Wells was discarded and washed 5 times
with washing solution (PBST). Then 100 pL TMB sub-
strate solution and 50 plL termination solution were
added to each well, and the absorbance value (450
nm) was detected by microplate reader. Quality con-

trol: Internal controls (low/medium/high) with inter-
assay CV<10%.

Additionally, cancerous and adjacent non-
cancerous tissue samples (50 mg each) were
obtained intraoperatively. After thorough lysis with
500 uL RIPA lysate, the samples were centrifuged
(12000 rpm, 15 min) to obtain supernatants, fol-
lowed by protein concentration determination using
BCA and adjustment to 2 pg/uL. PDGF expression in
tissues was detected according to the above scheme.
For PBMC isolation, heparinized peripheral blood (5
mL) was diluted with PBS (5 mL), layered onto Ficoll
separation medium, and centrifuged (400 xg, 30
min). After Trypan blue staining, cells were resus-
pended (1x107/mL). Tregs (CD4-FITC/CD25-
PE/FoxP3-APC) and Th17 (CD4-APC/IL-17A-PE)
were quantified by flow cytometry (BD FACS Canto
[I). CD4-FITC (Clone RPA-T4), CD25-PE (Clone M-
A251), FoxP3-APC (Clone 236A/E7), IL-17A-PE
(Clone eBio64DEC17). Gating: Live CD4* FoxP3+
for Treg; IL-17A* for Th17.

Blood samples of HCC patients at admission
were used to detect tumor markers. The automatic
immunoluminescence analyzer (Roche Cobas 8000)
was used to preheat the instrument after startup and
perform the instrument self-test. Load calibrators,
quality control products, test antibodies, washing solu-
tion and substrate solution to the corresponding posi-
tion of the instrument. The test samples, calibrators (3
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concentration points: 0, 20, 100 mAU/mL), and qual-
ity controls (low value, high value) were loaded into the
sample rack. The detection results of abnormal pro-
thrombin (APT), AFP and a-L fucosidase (AFU) were
obtained automatically. Quality control: Two horizontal
quality control products were tested daily, and CV 8%
(low value) and CV 10% (high value) were required.

Prognosis follow-up

Patients were followed up for 1 year from the ini-
tial D-TACE, involving monthly check-ups, and one-
year overall survival (OS) data were collected.

Endpoints

Differences in peripheral blood PDGF expres-
sion and Th17/Treg between HCC patients and
healthy controls were analyzed. In addition, the rela-
tionship between PDGF, Th17/Treg and tumor mark-
er (AFR APT, AFU) in HCC patients was observed.
Additional analyses assessed the diagnostic potential
of these biomarkers for HCC, as well as their ability to
predict D-TACE response and OS outcomes.

Statistical Methods

All statistical analyses were performed using
SPSS v25.0. Continuous variables underwent normal-
ity testing (Shapiro-Wilk) and were all expressed as
(x*s), with group comparisons employing independ-
ent samples t-tests (inter-group) and paired t-tests
(intra-group). Multiple comparisons (e.g., TO/T1/T2
biomarker levels) used Bonferroni correction

Table 1 Comparison of baseline data of the study subjects.

(=0.0167 for 3 comparisons). Categorical data
n(%) were analyzed via y? tests. Correlation (Pearson)
and diagnostic accuracy (ROC) were performed. The
joint model was constructed by logistic regression.
Survival rates were calculated via the Kaplan-Meier
method, with between-group survival differences
assessed by log-rank tests. Statistical significance was
defined as P < 0.05.

Results
Clinical Baseline Data Comparison

The comparison of clinical baseline data like
age, gender, family disease history, etc. revealed no
significant difference between HCC patients and
healthy controls (P > 0.05). Standardized mean dif-
ferences (SMD) for these variables were below 0.1
(Table 1), confirming balanced baseline characteristics
and establishing the validity of intergroup compar-
isons.

PDGF and Th17/Treg in HCC

Compared with healthy controls, serum PDGF
increased significantly in HCC cases (P < 0.05,
Figure Z2A). Tissue analysis further revealed that
PDGF expression was markedly upregulated in tumor
tissues compared to adjacent non-cancerous tissues
(P < 0.05, Figure 2B), suggesting the potential
involvement of high PDGF expression in the occur-
rence and development of HCC. T-cell profiling
demonstrated an elevated Th17/Treg in HCC cases
versus healthy individuals (P < 0.05, Figure 2C), indi-
cating disordered T cells in HCC. Correlation analysis

Control (n=100) HCC patients (n=204) t or 32 P SMD
Age (years) 60.24+4.88 59.33+5.83 1.348 0.179 0.046
Gender 0.800 0.371 0.089
Male 64 (64.00%) 141 (69.12%)
Female 36 (36.00%) 63 (30.88%)
Family History of HSS 0.852 0.356 0.092
Yes 10 (10.00%) 28 (13.76%)
No 90 (90.00%) 176 (86.27%)
Smoking 0.927 0.336 0.096
Yes 55 (55.00%) 124 (60.78%)
No 45 (45.00%) 80 (39.22%)
Drinking alcohol 0.375 0.541 0.061
Yes 38 (38.00%) 85 (41.67%)
No 62 (62.00%) 119 (58.33%)
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Figure 2 PDGF and Th17/Treg in HCC. (A) Comparison of serum PDGF concentrations. (B) PDGF expression in tissues. (C)
Th17/Treg. (D) Correlation between serum PDGF and cancer tissue PDGF. *P < 0.05.
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Figure 5 Prediction of Treatment Response. (A) Comparison of PDGF in patients with different therapeutic effects. (B) compar-
ison of Th17/Treg in patients with different therapeutic effects. (C) ROC curve of the combined model for predicting PD. (D) ROC
curve of PDGF for predicting PD. (E) ROC curve of Th17/Treg to predict PD. *P < 0.05.

showed that serum and tissue PDGF levels correlated
strongly in HCC patients (P < 0.05, Figure 2D).

Relationship between PDGF, Th17/Treg and
tumor markers in HCC

AFPB APT and AFU were also significantly higher
in HCC patients than in the control group (P < 0.05,
Figure 3A). Subsequently, Pearson’s correlation coef-
ficient showed that PDGF and tumor markers (AFP
APT, AFU) were all positively correlated in HCC
patients (r=0.750, 0.714, 0.734, P < 0.05, Figure
3B). However, the correlation between Th17/Treg
and AFU was not significant (r=0.155, 0.195,
0.134, P > 0.05, Figure 3C).

Analysis of the Diagnostic Efficacy of PDGF and
T cells in HCC

According to ROC curve analysis, serum PDGF
exhibited a diagnostic sensitivity of 65.69% and speci-
ficity of 76.00% for HCC (P < 0.05, Figure 4A), while
Th17/Treg showed 87.75% sensitivity and 49.00%
specificity (P < 0.05, Figure 4B). A combined diag-
nostic model integrating both markers was developed
via binary logistic regression. The combined model
[Logit(P)=-8.6864+0.173xPDGF+0.877x
Th17/Treg] significantly improved diagnostic power,
achieving 68.14% sensitivity and 82.00% specificity
(P < 0.05, Figure 4C). These findings highlight the
model’s strong diagnostic utility for HCC.
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Figure 6 Prognostic Value Analysis. (A) Dynamic changes of PDGF and Th17/Treg before and after treatment. (B) biomarker
levels in survivors versus nonsurvivors. (C) ROC curves of PDGF, Th17/Treg, and combined models for predicting 1-year mortality.

(D) Kaplan-Meier survival curves. *P < 0.05.

Evaluation of the Predictive Efficacy of PDGF and
T cells for Treatment Response in HCC

Post-D-TACE evaluation showed a 74.02% DCR
(151/204) in HCC patients. Responders (CR/PR/SD)
exhibited significantly reduced PDGF expression and
Th17/Treg versus non-responders (PD) (P < 0.05,
Figure 5A, B). The combined PDGF+Th17/Treg
model [Logit(P)=-15.0.86+0.234 xPDGF+ 1.025x
Th17/Treg] achieved optimal PD prediction (71.70%
sensitivity, 84.11% specificity; P < 0.05, Figure 5C),
significantly surpassing individual biomarker perform-
ance (Figure 5D, E).

Prognostic Value of PDGF and Th17/Treg in
HCC

Post-treatment analysis revealed significant
reductions in both PDGF levels and Th17/Treg com-
pared to baseline measurements in HCC cases (P <

0.05, Figure 6A), further supporting their involvement
in HCC progression. The median follow-up was (13,
14) months, and the one-year OS rate was 81.37%
(166/204). Notably, non-survivors exhibited signifi-
cantly higher post-treatment PDGF and Th17/Treg
levels than survivors (P < 0.05, Figure 6B). Post-treat-
ment PDGF and Th17/Treg were used for prognostic
prediction. The combined PDGF and Th17/Treg
model [Logit(P)=-8.178+0.100xPDGF+0.912 %
Th17/Treg] demonstrated excellent performance
with 44.74% sensitivity and 96.99% specificity for
one-year survival prediction (P < 0.05, Figure 6C).
When patients were stratified by optimal cut-off val-
ues into high/low PDGF and Th17/Treg groups,
Kaplan-Meier analysis revealed significantly worse
survival outcomes in both high PDGF and high
Th17/Treg groups compared to their low-expression
counterparts (P < 0.05, Figure 6D).
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Discussion

Findings revealed markedly elevated PDGF lev-
els and Th17/Treg in HCC patients, correlating
strongly with disease progression, treatment resist-
ance, and adverse survival outcomes. Their combina-
tion significantly enhanced diagnostic sensitivity and
prognostic precision compared to single-marker
analysis. These results support the potential of this
biomarker combination for clinical application while
highlighting the synergistic role of PDGF-driven TME
modulation and Th17/Treg immune dysregulation in
HCC pathogenesis.

As a key angiogenic factor, PDGF expression is
strongly associated with tumor invasiveness (13). This
study demonstrated that serum PDGF concentrations
in HCC patients were significantly elevated compared
to healthy controls, closely mirroring PDGF expres-
sion in tumor tissues. This dual upregulation indicates
multiple oncogenic mechanisms: (1) PDGF enhances
endothelial cell migration and vascular permeability
via VEGF/VEGFR2 signaling activation, facilitating
tumor neovascularization (14). (2) The PDGF-
BB/PDGFRp axis activates hepatic stellate cells, trig-
gering collagen deposition and extracellular matrix
remodeling, which forms a physical barrier that hin-
ders drug penetration (15). (3) PDGF promotes Treg
expansion through STAT3 pathway, and at the same
time induces Th17 to secrete IL-17, which aggravates
angiogenesis and forms a cancer-promoting microen-
vironment (16). Notably, this study found decreased
PDGF post-D-TACE and its close connection with
patient prognosis, further confirming PDGF’s critical
role in tumor progression. On the other hand, the
abnormal Th17/Treg elevation reflects the imbalance
between pro- and anti-inflammatory immune
responses in HCC patients. Mechanistically, Th17
cells drive TME remodeling by secreting IL-17A,
which activates NF- B to upregulate angiogenic fac-
tors (e.g., IL-8, MMP-9) (17). Treg cells suppress
CD8+ T-cell activity via CTLA-4/LAG-3 overexpres-
sion, fostering local immune tolerance (18). In this
study, D-TACE induced a more pronounced
Th17/Treg reduction in patients achieving CR, PR, or
SD compared to PD cases. This suggests that serial
Th17/Treg monitoring could track immunoediting
dynamics and serve as a novel biomarker for assess-
ing tumor immunogenicity. Moreover, the close rela-
tionship between PDGF, Th17/Treg and tumor mark-
ers also suggested the potential of these two markers
as indicators for HCC disease assessment. Therefore,

we aimed to confirm the diagnostic role of PDGF and
Th17/Treg in HCC.

By integrating PDGF and Th17/Treg into a joint
diagnostic model, this research achieved higher diag-
nostic precision for HCC. The synergistic effect
emerges from their distinct mechanisms: PDGF cap-
tures tumor-specific traits, while Th17/Treg mirrors
immune regulation. This approach outperforms sin-

gle-marker methods in distinguishing HCC from cir-
rhosis and monitoring minimal residual disease
(MRD). However, the lack of Child-Pugh grade-based
subgroup analysis means the model’s effectiveness
across different liver function levels remains unveri-
fied, requiring additional studies. Meanwhile, their
combination demonstrated significant prediction
accuracy for D-TACE-nonresponsive patients, which
may be due to the fact that biomarkers can reflect
changes in tumor biological behavior earlier (at 4
weeks post-procedure). This early detection creates
an opportunity for therapeutic modifications (such as
sequential ablation therapy). Survival analysis showed
that high PDGF and Th17/Treg cohorts exhibited 1-
year OS rates of 75.19% and 61.22%, versus 92.00%
and 87.74% in the low-expression group. The com-
bined model was particularly effective in predicting
prognostic death (AUC=0.705), suggesting its
potential as a biomarker for dynamic monitoring.
Integrating the RECIST standard with the changing
trend of serum markers is expected to realize »person-
alized management based on treatment responsex.

Based on the above findings, we propose the
following translational pathways: (1) PDGF combined
with Th17/Treg can be used for high-risk screening in
emergency department (cut-off>0.71, sensitivity
68.14%) or postoperative recurrence monitoring
(monthly detection, cut-off>0.35). (2) Creation of a
machine learning-driven dynamic monitoring system
that synthesizes longitudinal biomarker trends and
pre-/post-treatment radiomics to generate individual-
ized prognostic models. (3) Investigation of combina-
tion therapies targeting PDGF inhibition + immune
modulation, with prospective clinical trials focusing
on patients exhibiting the high PDGF/Th17/Treg
phenotype. Of course, due to the limited conditions,
the limitations of this study can not be ignored. For
example, the single-center retrospective design may
lead to selection bias, warranting validation through
multicenter cohorts. Although the sample size met
the statistical requirements, it failed to cover all HCC
molecular subtypes. Additionally, the absence of
extended follow-up (>3 years) limits the assessment
of long-term survival predictability.

Conclusion

The combined detection of PDGF and
Th17/Treg shows excellent diagnostic effect on the
occurrence of HCC, and can accurately evaluate the
prognosis of HCC patients after D-TACE treatment,
suggesting that the combined detection of PDGF and
Th17/Treg is a new and potential HCC disease eval-
uation scheme.
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