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ABSTRACT

Background: To investigate the mechanism of mitogen-activated protein kinase (MEK)
inhibitor PD0325901-mediated MEK/extracellular signal-regulated kinase (ERK1)/2
pathway on programmed death-1(PD-1) and ligand programmed death ligand-1(PD-
L1) in cervical cancer (CC) cells. Materials and Methods: CC Hela cells were divided
into three groups: control (Group A), PD0325901 (100 nmol/L) (Group B), and Phorbol
12-myristate 13-acetate (PMA) (100 nmol/L PD0325901 + 10 umol/L PMA) (Group C).
The methodology used for simulation radiotherapy includes assessing cell viability at
12h and 24h using3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay, apoptosis by Annexin V-FITC/PI method, invasion through Transwell assay, and
gene expression by reverse transcription polymerase chain reaction (RT-PCR) and
Western blot. PD0325901 was tested as a potential radiosensitizer by modulating PD-
1/PD-L1 immune checkpoint expression and affecting the MEK/ERK pathway in
simulated post-radiotherapy conditions. Results: At 12h and 24h, cell viability in Group
B was significantly lower than Group A, with increased apoptosis rates in Group B
compared to Group A. Group C showed partial reversal of these effects. MEK/ERK1/2,
PD-1, and PD-L1 expression were reduced in Group B, but upregulated in Group C,
confirming the impact of PD0325901 on immune checkpoint modulation. Conclusion:
PD0325901 inhibits the MEK/ERK1/2 pathway, leading to suppression of PD-1/PD-L1
expression and enhanced apoptosis in cervical cancer cells, suggesting a potential role
for PD0325901 in enhancing radiosensitivity by modulating immune checkpoint
signaling.

INTRODUCTION

Cervical cancer (CC) is a common female
malignant tumor with high morbidity and mortality.
At present, the treatment of CC mainly includes
surgery, radiotherapy, chemotherapy and
immunotherapy @). Among these, radiotherapy
remains a cornerstone of treatment for both early-
stage and advanced CC, particularly in resource-
limited settings. However, therapeutic resistance-
especially immune evasion-significantly limits
radiotherapy efficacy in many patients (1.2).

Immunotherapy, as a new type of treatment, has
become a research hotspot in cancer therapy by
activating the patient's own immune system to
recognize and kill tumor cells G- 4. Programmed death
protein 1 (PD-1) is an important immune checkpoint,
which is highly expressed in many tumor cells and
inhibits T cell activity by binding to programmed
death ligand-1 (PD-L1) and PD-L2, thus promoting
tumor immune escape. The PD-1 and its ligand PD-L1
is increased in patients with CC, suggesting that PD-
1/PD-L1 pathway plays critical role in the occurrence

and development of CC ). Notably, recent studies
indicate that radiation therapy itself may upregulate
PD-L1 expression in tumor cells as a resistance
mechanism, further promoting immune escape and
tumor persistence. This has been experimentally
demonstrated in preclinical tumor models where
radiotherapy led to increased PD-L1 expression and
immune suppression, which was reversed by PD-L1
blockade (). These findings support the cancer-
immune set point theory, where therapeutic
outcomes are determined by the balance between
immune activation and suppression (7-8), Therefore,
blocking the PD-1/PD-L1 axis has emerged as a
promising radiosensitization strategy in cervical
cancer. These findings support the cancer-immune
set point theory, where therapeutic outcomes are
determined by the balance between immune
activation and suppression (9.

MEK/ERK1/2 pathway is one of the important
pathways of cell signal transduction, which is
involved in regulating many biological processes such
as cell proliferation, and migration. MEK/ERK1/2
pathway plays critical role in the growth, and
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metastasis of CC cells. At the same time, MEK/
ERK1/2 pathway is also involved in the regulation of
PD-1/PD-L1 activity. PD0325901 is a selective MEK
inhibitor, which can effectively inhibit the activity of
MEK/ERK1/2 pathway (19, PD0325901 can inhibit
the growth and proliferation of cancer cells and
promote their apoptosis (11).

Importantly, MEK inhibition has been shown to
reduce PD-L1 expression and restore immune
surveillance in various cancer models. These
properties suggest that PD0325901 may act as a
radiosensitizing agent by disrupting compensatory
immune  checkpoint  upregulation  following
radiotherapy (12. However, its potential role in
modulating immune escape mechanisms relevant to
radiotherapy in  cervical cancer remains
underexplored.

Therefore, this study will explore the mechanism
of the effect of PD0325901-mediated MEK/ERK1/2
pathway on PD-1 and ligand PD-L1 in CC cells, with
the aim of providing mechanistic evidence for its
potential use in enhancing cervical cancer
radiosensitivity and overcoming immune resistance
to radiotherapy. The novelty of this study lies in its
investigation of PD0325901 as a potential
radiosensitizer specifically for cervical cancer, a
tumor type with limited treatment options for
radiation resistance. Unlike previous studies, this
research focuses on modulating the immune
checkpoint pathway PD-1/PD-L1 in combination with
MEK inhibition, offering a new approach to
improving radiotherapy efficacy and tackling immune
-mediated resistance mechanisms.

MATERIALS AND METHODS

Methods

CC HeLa cells were purchased from the cell bank
of the Chinese Academy of Sciences and cultured in
DMEM medium containing 15% fetal bovine serum at
37 °Cand 5% COz.

Materials
Reagents and instruments

PD0325901-MEK inhibitor (ThermoFisher
Scientific, USA), PD-L1 inhibitor (ThermoFisher
Scientific, USA), MTT kit (Roche, Germany), Annexin
V-FITC/PI detection kit (Roche, Germany), RT-PCR kit
(Roche, Germany), Bcl-2 antibody (ThermoFisher
Scientificc, USA), Bax antibody (ThermoFisher
Scientific, USA), MEK/ERK1/2 antibody
(ThermoFisher Scientific, USA), GAPDH antibody
(ThermoFisher Scientific, USA), protein
electrophoresis buffer (Agilent Technologies, USA),
PVDF membrane (Agilent Technologies, USA), protein
marker (Bio-Rad, USA), cell culture incubator
(ThermoFisher Scientificc USA), laser confocal
microscope (Leica, Germany), electrophoresis
apparatus (Bio-Rad, USA)

Cell grouping and drug administration

HeLa cells were removed from the frozen tube
and thawed in a water bath at 37 °C. The cells were
inoculated in a culture flask, added with appropriate
culture medium, and cultured in a 5% CO; incubator
at 37 °C. The cells were divided into three groups:
Control group (Group A), PD0325901 group (Group
B): treated with PD0325901 at a concentration of
100 nmol/L. This dose was selected based on
previous studies showing its efficacy in modulating
the MEK/ERK signaling pathway and immune
checkpoint expression in tumor models, including
radiosensitization settings (11.13). PMA group (Group
C): treated with PD0325901 (100 nmol/L) and
phorbol 12-myristate 13-acetate (PMA, 10 pmol/L).
PMA served as an activator of the ERK1/2 pathway to
simulate radiation-induced stress signaling and
pathway reactivation following therapy. Although
radiation was not directly applied in this study, the
experimental design aimed to mimic molecular
features relevant to immune modulation and
resistance mechanisms observed after radiotherapy
in cervical cancer.

MTT assay

4x103 CC HeLa cells were inoculated into 96-well
plates and cultured for 24 hours. According to the
above scheme, the patients were divided into groups
and given drugs, and there were 3 compound holes in
each group. After 48 hours, 10 pL MTT solution was
added to each well and incubated for 4 hours, and
the supernatant was discarded. 100 pL dimethyl
sulfoxide was added to oscillate at a low speed to
fully dissolve the crystal. The absorbance value (OD
value) of each hole was measured by 0D490nm using
enzyme labeling instrument. The experiment was
repeated three times.

Cell viability measured by MTT assay is presented
as a bar graph in Figure2, showing 0D490 nm values
at 12h and 24h for all groups. Error bars indicate
standard deviation.

This assay was used to assess tumor cell viability
following MEK inhibition, simulating post-
radiotherapy conditions where residual tumor
proliferation contributes to treatment resistance.

Annexin V-FITC/PI assay

9 x 10® HeLa cells were inoculated into 6-well
plates and cultured for 24 hours. According to the
experimental scheme, the cells were divided into
three groups, and each group had three replicate
wells. After 48 hours of treatment, the cells were
digested with trypsin (without EDTA), washed twice
with PBS, and 1 x 10° cells were collected after
centrifugation. Binding Buffer was added to the cell
suspension, followed by 5 pL of Annexin V-FITC and 5
puL of PI, and the mixture was incubated at room
temperature for 15 minutes, away from light. Flow
cytometry analysis was performed within 1 hour to
detect apoptotic cells.
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The apoptotic cells were quantified as the sum of
early and late apoptotic populations, as shown in
Table 3. Since radiation induces cell death primarily
through apoptosis, this assay evaluated whether
PD0325901 modulates pro-apoptotic signaling
relevant to radiosensitization.

Transwell assay

In the initial stage of the experiment, Hela cells
were planted in Transwell cells and filled with matrix
glue for subsequent use. After 24 hours of serum
starvation, these cells were transferred to the
Transwell chamber and cultured in a serum-free
medium containing different concentrations of
Agamanine. At the same time, the conventional
medium was added to the bottom of the room for
culture. After 24 hours of culture, the invasive cells
were gently wiped off with a sterile cotton swab, then
stained with crystal violet, and the cells were counted
with the help of a microscope. Radiotherapy is often
limited by metastatic escape; therefore, this invasion
assay served to evaluate whether MEK inhibition
reduces metastatic potential under conditions
mimicking post-radiation stress.

RT-PCR

The cultured cells were lysed according to the
instructions of TRIzol kit and total RNA was
extracted. CDNA was synthesized by reverse
transcription kit and used for PCR amplification.
Proper amount of buffer, ANTP, MgCl2, Taq enzyme,
primer and cDNA template were added to the PCR
reaction tube, and then the reaction tube was put into
the PCR instrument. Set the cycle conditions of PCR
reaction, such as pre-denaturation (95 °C, 30s),
denaturation (95 °C, 30s), annealing (specific
temperature, such as 60 °C, 30s) and extension (72 °C,
30s). It usually takes 35-40 cycles to ensure the full
amplification of the target gene. The change of
fluorescence signal is monitored in real time in the
process of PCR reaction. When the reaction reaches a
specific stage, the target gene fragment is amplified
and the fluorescence signal reaches detectable level,
and the instrument will automatically detect and
record the intensity of the fluorescence signal. Primer
efficiency for each gene was quantified using
standard curve analysis. Serial dilutions of cDNA were
amplified, and the slope of the Ct values versus log-
transformed cDNA concentrations was used to
calculate amplification efficiency using the formula:
Efficiency (%) = (10”(-1/slope) -1) x 100. For details,
see table 1.

Western blot analysis

Cell lysate was used to break up the cell to release
the protein in the cell. The cell debris was separated
from the cell waste by centrifugation. Supernatant,
which contains the target protein was collected. BCA
protein concentration determination kit and other
methods were used to determine the protein

concentration. 10%SDS-PAGE gel was prepared and
mixed the protein sample with Laemmli buffer. The
mixture was heated up to 95 °C to denature the
protein. The samples were loaded into the gel and
separated by electrophoretic separation. Solvent
activated polyvinyl chloride (PVDF) membrane was
used to transfer the separated protein from the gel to
the membrane. Wet electrophoresis or semi-dry
electrophoresis was used to transfer the film. After
transferring the film, freeze-dry the film thoroughly.
The membrane was blocked with non-fat milk (5%
milk or 3% BSA) to prevent non-specific binding. Use
specific antibodies related to the target protein and
add it to the blocking solution. The membrane was
incubated overnight in blocking solution at a low
temperature of 4 °C. Wash the membrane with TBST
buffer. The first antibody specific to the target protein
(such as anti-Bcl-2, anti-Bax, anti-MEK/ERK1/2, anti-
PD1, anti-PD-L1) was added to bind to the target
protein. Incubate at room temperature for an
appropriate time. Wash with TBST buffer to remove
the unbound primary antibody. Add specific
secondary antibodies (such as horseradish
peroxidase, HRP, which specifically binds to mouse or
rabbit IgG). Add appropriate immune visible
materials, such as ECL luminescent substrate, to the
washed membrane. The target protein produces
fluorescence or luminescence by chemiluminescence
or other methods. Use inverted fluorescence imaging
system or X-ray radiation instrument to detect
images. The protein expression data allowed
validation of the proposed mechanism linking MEK
inhibition with immune checkpoint regulation, which
may underlie radiosensitization effects in cervical
cancer.

Table 1. Primer sequences for RT-PCR analysis of MEK,
ERK1/2, and B-actin in Hela cells. Efficiency was calculated
using standard curve analysis. Data are presented as mean *
SD. Experimental groups: Control Group (No Treatment),

PD0325901 Treatment Group (100 nmol/L), PD0325901 +
PMA Treatment Group (10 umol/L).

Primer Sequence (5' ->|Annealing| Product |[Efficiency
3') Temp (°C)|Length (bp)| (%)

F: CTACAAGAACTG-
CAAGACGGACT R:
TGATGAAGCTGTGTT
CAAGTAGC
F: CGACCTTAAGATTT-
GTGATTTCG R: GACTT- o
ERKY| GaTaTAGCCCTTGGAG | O 141 95%
TT
F: CTATCAA-
GAAAATCAGCCCCTTT o
ERK2 R: TTCCAATGATG 60 102 7%

TTCTCATGTCTG

F: TTAAGGAGAA-
B- | GCTGTGCTACGTCR:

actin| AGGAGCAATGATCTT-

GATCTTCA

Gene

ME

A

60 179 98%

60 362 99%

Representative Western blot images for MEK,
ERK1/2, PD-1, PD-L1, Bcl-2, and Bax are shown in
figurel. GAPDH was used as the loading control.
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Quantitative analysis of protein expression levels was
performed using Image]J software (NIH, USA).

MEX|— e — _|

ERX1/’— -_— - |

PD-1 ‘ —

Bcl-2 ‘ —

Bax ’ —

Figure 1. Western blot analysis of MEK, ERK1/2, PD-1, PD-L1,

Bcl-2, and Bax proteins in Hela cells. GAPDH was used as the

loading control. Quantification of protein expression levels is

shown as mean = SD. Groups: A = Control, B =PD0325901, C =

PD0325901 + PMA. Statistical significance: P<0.05 vs Control;
#P<0.05 vs PD0325901.

Statistical method

SPSS14.0 statistical analysis software was used to
perform one-way analysis of variance (One-Way
ANOVA). The data of all experimental groups were
expressed as mean #*standard deviation (x+s). The
differences between groups were compared by
minimum significant difference (LSD) test. Compared
with the group A, @P<0.05, Compared with group B,
bP<(.05.

RESULTS

Cell viability of HeLa cells at 12h and 24h

At 12h and 24h, the cell viability of group B was
reduced than group A, and that of group C was raised
than group B (table 2). These results suggest that
PD0325901 inhibits cervical cancer cell proliferation,
which may contribute to reduced tumor repopulation
following radiotherapy.

Table 2. Cell viability of Hela cells measured by MTT assay at
12h and 24h. OD490 values are presented as mean + SD. Ex-
perimental groups: Control Group (No Treatment), PD0325901
Treatment Group (100 nmol/L), PD0325901 + PMA Treatment
Group (10 umol/L). Statistical significance: aP<0.05 vs Control
Group; bP<0.05 vs PD0325901 Treatment Grop

radiotherapy primarily induces cancer cell death via
apoptosis, the enhanced apoptosis observed in Group
B following PD0325901 treatment suggests its
potential as a radiosensitizing agent.

Table 2. Cell viability of Hela cells measured by MTT assay at
12h and 24h. OD490 values are presented as mean + SD. Ex-
perimental groups: Control Group (No Treatment), PD0325901
Treatment Group (100 nmol/L), PD0325901 + PMA Treatment
Group (10 umol/L). Statistical significance: aP<0.05 vs Control
Group; bP<0.05 vs PD0325901 Treatment Grop

Group 12h (0D490) | 24h (OD490)

Control Group (No Treatment) | 1.94+0.14 | 1.74+0.05

PD0325901 Treatment Group
t +
(100 nmol/L) 1.32+0.04a | 0.74 £0.05a

PD0325901 + PMA Treatment 1.75 + 0.07ab| 1.57 + 0.06ab

Group (10 umol/L)

MTT assay results (table 2) demonstrated that cell
viability in Group B was significantly lower than in
the Control (Group A), while PMA treatment (Group
C) partially restored cell viability.

Apoptosis rate

The apoptosis rate was analyzed using Annexin V-
FITC/PI staining, and the results are shown in Table
3. Group B (PD0325901) exhibited a significantly
higher apoptosis rate compared to Group A (Control),
while Group C (PD0325901 + PMA) showed a partial
reduction in the apoptosis rate when compared to
Group B, but still higher than Group A. Since

Control Group | FP0325901 | PD0325901 +
Outcome P| Treatment [PMA Treatment
(No Treatment)
Group Group
Apoposis | 15 184119 | 18.26+0.71a | 13.79 £ 0.37ab
rate (%)
Bel-2 relative ) 53,006 | 0.47£0.04a | 0.85+0.05ab
expression)
Bax (relative | 13, 06 | 0.46+0.05a | 0.29+0.04ab
expression)
Cell invasion| ;3 57413 46 |146.39+10.13a 161.3811.20ab
(cells/field)

Flow cytometry analysis (figure 2) demonstrated
that the apoptosis rate in PD0325901 treatment
group was higher than in the Control Group while
PD0325901 + PMA treatment group partially reduced
apoptosis.

Bcl-2-Bax expression

The Bcl-2 in the group B was decreased than
group A, and it in the group C was increased than
group B (table 4). Downregulation of anti-apoptotic
Bcl-2 and upregulation of pro-apoptotic Bax further
support the hypothesis that PD0325901 enhances
apoptosis-related radiosensitivity.

Cell invasive ability

The invasive ability of group B was decreased than
group A, and it of group C was raised than group B
(table 5). Reduced invasion following MEK inhibition
may suppress radiation-induced metastasis or
invasion escape, suggesting added therapeutic
benefit.

MEK/ERK1/2 mRNA expression

The MEK/ERK1/2, PD1 and PD-L1 mRNA in group
B were decreased than group A, while these in group
C were increased than group B (table 6). Inhibition of
PD-1 and PD-L1 expression through MEK/ERK
blockade suggests PD0325901 may reverse immune
evasion mechanisms that are often activated
following radiotherapy.

Gene expression levels of MEK, ERK1/2, PD-1, and
PD-L1 were visualized as histogram figures (table 4),
with data presented as mean * SD for each group.
Statistical significance is indicated where applicable.

MEK/ERK1/2 protein expression

The expression of MEK/ERK1/2 protein in group
B was reduced than group A, and these in group C was
raised than group B (table 5). Protein-level
suppression of the MEK/ERK-PD-L1 axis reinforces
the potential of PD0325901 to act as a molecular
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radiosensitizer by targeting pathways involved in
post-radiation immune resistance.

Table 4. Gene expression levels of MEK, ERK1/2, PD-1, and PD-
L1 in Hela cells after treatment. Data are presented as mean +
SD, normalized to B-actin. Experimental groups: Control group
(no treatment), PD0325901 treatment group (100 nmol/L),
PD0325901 + PMA treatment group (10 umol/L). Statistical
significance: aP<0.05 vs control group; bP<0.05 vs PD0325901
treatment group.

PD0325901 Treat- | PD0325901 + PMA
Control Group
Gene (No Treatment) ment Group (100 | Treatment Group
nmol/L) (10 umol/L)

MEK 2.86 £ 0.61 2.51+0.57a 2.45 + 0.34ab
ERK1 1.96 £ 0.67 1.48 £0.52a 2.23 £ 0.26ab
ERK2 1.06 £ 0.45 0.84 +0.25a 1.31+0.15ab
PD-1 0.59+0.24 0.35+0.21a 1.17 £+ 0.26ab
PD-L1| 0.65+0.42 0.36 +0.24a 1.19 £ 0.29ab

Table 5. Protein expression levels of MEK, ERK1/2, PD-1, PD-
L1, Bcl-2, and Bax in Hela cells after treatment. Protein levels
were quantified using densitometry and normalized to GAPDH.
Data are presented as mean + SD. Experimental groups:
Control group (no treatment), PD0325901 treatment group
(100 nmol/L), PD0325901 + PMA treatment group (10 umol/L).
Statistical significance: aP<0.05 vs control group; bP<0.05 vs
PD0325901 treatment group.

Protein Control Group PD0325901 PD0325901 + PMA

(No Treatment)|Treatment Group| Treatment Group
MEK 0.76 £ 0.35 0.62 £0.32a 0.60 £ 0.15ab
ERK1 0.79+£0.25 0.68 +0.32a 1.35+0.16ab
ERK2 0.76 £0.35 0.64 +0.25a 1.32£0.20ab
PD-1 0.69 £0.29 0.45+0.31a 1.37 £0.36ab
PD-L1 0.55+0.32 0.31+0.23a 1.29+0.27ab
Bcl-2 | 0.63+0.30 0.33+0.21a 0.61+0.27ab
Bax 0.35+0.14 0.43+0.21a 0.53 + 0.19ab

Western blot analysis (figure 1) confirmed that
protein expression of MEK, ERK1/2, PD-1, and PD-L1
was reduced in Group B compared to Control (Group
A), while PMA treatment (Group C) partially restored
expression levels.

DISCUSSION

Cervical cancer (CC) remains one of the most
prevalent and deadly malignancies among women
worldwide. Despite radiotherapy being a cornerstone
of treatment for locally advanced CC (), therapeutic
resistance-especially immune-mediated resistance-
continues to limit long-term outcomes. Targeted
therapy such as anti-angiogenesis and immune
checkpoint inhibitors are new ideas for the treatment
of CC (14 15), Immune deficiency with HPV infection
increases the risk of CC (16). Therefore, inhibiting the
invasion and migration of cancer cells can effectively
prevent the metastasis and recurrence of cancer (17),
One of the primary immune escape mechanisms
involves the PD-1/PD-L1 axis, which is often
upregulated following radiotherapy and promotes
tumor persistence and metastasis (5. 18). Targeting this
axis may enhance radiosensitivity and improve

clinical response (19.20),

In this study, we investigated the effect of the
MEK inhibitor PD0325901 on the MEK/ERK1/2
pathway and its downstream modulation of PD-1 and
PD-L1 expression in cervical cancer HeLa cells.
Although radiation was not directly applied, our
experimental model was designed to simulate
molecular features relevant to radiation-induced
immune resistance. PD1 and PD-L1 are widely
studied immune checkpoint molecules. PD1 is mainly
expressed in T cells, while PD-L1 can be expressed in
a variety of cancer cells, including CC cells. PD-L1
inhibits T cell activity by binding to PD1, promoting
tumor growth and metastasis. In cervical cancer, PD-
L1 expression correlates with poor prognosis and
lower survival (18.20). Therefore, PD-L1 is a key target
in CC research and therapy.

EK is a key enzyme in cell signal transduction
pathways, regulating proliferation, differentiation,
migration, and other biological processes. This
protein class consists of serine/threonine kinases.
MEKs are part of the MAPK family (21, while ERKs
play a central role in signal transduction, being
activated by extracellular signals such as growth
factors, cytokines, hormones, and neurotransmitters.
When activated, ERKs translocate to the nucleus and
phosphorylate transcription factors, regulating gene
expression and controlling biological processes such
as cell proliferation, differentiation, survival, and
migration. In cancer, ERK signaling is often
dysregulated, contributing to tumor development
and progression (22.23),

PD0325901, a MEK inhibitor, blocks tumor
growth and metastasis by inhibiting MEK1/2 activity.
Prior IJRR studies have shown that MEK inhibition
can sensitize tumors to radiotherapy and
immunotherapy & 22 24, The results showed that
PD0325901 significantly inhibited cell viability and
invasive potential while promoting apoptosis in HeLa
cells. These effects parallel key radiobiological
endpoints such as suppression of tumor regrowth
and induction of cancer cell death. Moreover,
radiation has been shown to require CD8* T-cell
activation for full efficacy, suggesting that immune
checkpoint modulation may enhance post-radiation
control (3. Specifically, PD0325901 treatment
resulted in downregulation of anti-apoptotic Bcl-2
and upregulation of pro-apoptotic Bax, aligning with
pro-apoptotic effects observed following effective
radiotherapy. Similar effects have been documented
in preclinical IJRR models of cervical and other
cancers (7. 26),

Importantly, both mRNA and protein expression
analyses revealed that PDO0325901 significantly
reduced levels of MEK, ERK1/2, PD-1, and PD-L1,
while PMA reversed these effects. This confirms that
MEK/ERK pathway inhibition suppresses the PD-1/
PD-L1 immune checkpoint axis, a mechanism
increasingly recognized for mediating
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radioresistance. Similar results have been observed
in colorectal cancer, where MEK inhibition directly
reduced PD-L1 expression and restored immune
activity (27.28), PD-L1 expression, in particular, has
been shown to increase after radiation exposure in
various tumor models, contributing to immune
suppression in the tumor microenvironment . 18),
These findings are consistent with IJRR studies
highlighting the role of PD-L1 downregulation in
radiosensitization (19.29),

By inhibiting this pathway, PD0325901 may
restore T-cell function and improve immune-
mediated tumor clearance when combined with
radiotherapy. Previous research in other tumor types
has shown that MEK inhibition sensitizes tumors to
both radiotherapy and immunotherapy (2 13), and
our data support this hypothesis in the cervical
cancer setting. IJRR studies support this mechanism
across gynecologic and solid tumors (22-24.26),

Invasion assays further demonstrated that
PD0325901 reduces metastatic behavior, which may
complement radiotherapy’s local control by
preventing dissemination of residual tumor cells.
Compensatory  signaling  through  MEK/ERK
activation is a known driver of radioresistance and
metastasis in cervical carcinoma (30.31),

Clinically, these findings suggest that PD0325901
may serve as a molecular radiosensitizer in cervical
cancer by enhancing apoptosis, suppressing immune
escape via PD-L1 downregulation, and limiting
metastatic potential. Although this study did not
include radiation exposure directly, the mechanistic
insights strongly support the potential role of
PD0325901 in a radiotherapy-integrated treatment
framework.

Limitations of this study include the absence of
direct ionizing radiation exposure, which limits the
direct assessment of radiosensitization. Additionally,
experiments were performed in a single cell line
(HeLa), which may not fully capture the
heterogeneity of cervical cancer in patients. Future
studies should include multiple cell lines and in vivo
models with actual radiotherapy to validate the
efficacy and mechanism of PD0325901. Lastly, long-
term effects and potential off-target impacts of
PD0325901 on non-tumor cells were not assessed.
Future studies should investigate the synergistic
effects of PD0325901 with ionizing radiation in both
in vitro and in vivo models, with a focus on immune
microenvironment modulation and long-term tumor
control. The integration of MEK inhibitors into
combined radio-immunotherapy strategies may offer
a new avenue for improving treatment outcomes in

patients with advanced or resistant cervical cancer &
22,24,29)

CONCLUSION

PD0325901 demonstrates potential as a

molecular radiosensitizer in cervical cancer by
enhancing apoptosis, reducing invasive behavior, and
suppressing immune escape via PD-L1
downregulation. These findings highlight the
mechanistic role of MEK/ERK1/2 pathway inhibition
in improving tumor control and provide a rationale
for integrating MEK inhibitors into future
radiotherapy-based treatment strategies 32).
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