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Abstract
Background and purpose: Insulin-like growth factor-binding protein-3 (IGFBP-3), a tumor suppressor and
inhibitor of nuclear factor kappa B (NF-kB), has emerged as a promising candidate for therapeutic application
across diverse pathological conditions. Given NF-«kB’s role in cervical cancer development and cisplatin
resistance, this study examines the effects of recombinant human IGFBP-3 (rhIGFBP-3), alone and in
combination with cisplatin, on NF-kB levels, inflammatory modulation, and apoptotic response in HeLa cells,
and investigates whether rhIGFBP-3 can reduce the cisplatin dose.
Experimental approach: The impact of rhIGFBP-3, alone and in combination with cisplatin, on HeLa cells’
viability was evaluated by assessing cell viability (MTT assay); apoptosis (cell cycle analysis, TUNEL,
annexin V/PI staining, Bax/Bcl-2 ratio, caspase activity); and NF-kB p65 levels (western blot). Gene
expression of inflammatory cytokines and enzymes (IL-6, IL-8, COX-2, iNOS) was analyzed by RT-PCR.
Findings/Results: Cisplatin and rhIGFBP-3 inhibited HeLa cell growth in a concentration-dependent manner
(ICso = 6.06 pg/mL and 1.12 pg/mL, respectively). Their combination exhibited synergistic cytotoxicity
(combination index < 1), allowing ~2.1-fold reductions in concentration to 2.53 pg/mL cisplatin and 0.46
pg/mL rhIGFBP-3 for 45% growth inhibition. Compared to monotherapy, the combination significantly
enhanced apoptosis and DNA fragmentation, sub-G1 accumulation, caspase-8/9/3/7 activation, and
BAX/BCL-2 ratio. It also considerably reduced NF-«B p65 and inflammatory markers in comparison with
cisplatin alone.
Conclusion and implications: Our study demonstrated that thIGFBP-3 enhanced cisplatin efficacy by
promoting apoptosis and attenuating inflammation, highlighting its potential as both a cisplatin adjuvant and
a monotherapy in HeLa cells.
Keywords: Apoptosis, Cervical cancer; Cisplatin; IGFBP-3; Inflammation; NF-«B.
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INTRODUCTION

Cervical cancer (CC) remains a critical health
concern worldwide, as it is still one of the most
frequently diagnosed cancers in women, despite
advances in screening, prevention, and early
detection of high-risk human papillomavirus
(HPV), and treatment options such as radiation,
chemotherapy, and surgery (1). Unfortunately,
the adverse effects of existing treatments
continue to affect patients’ quality of life
negatively. Therefore, this draws attention to the
pressing need for more potent and less
detrimental treatment methods (2).

Cisplatin is commonly used alone or in
combination with other treatments for CC.
However, severe side effects, including
gastrointestinal, neurological, hematologic, and
ototoxicity, limit its use and complicate disease
management (3). Furthermore, cisplatin's
therapeutic impact is often diminished,
particularly in advanced cervical malignancies
in which treatment resistance has developed. A
complex interaction of factors contributes to the
progression of CC and reduces chemotherapy
efficacy, although the underlying molecular
processes are not fully understood (4).

It is well established that CC is a chronic
inflammatory disease influenced by a variety of
factors (5-7). Several studies have identified
nuclear factor kappa B (NF«B), an
inflammatory transcription factor, as a critical
player in the inflammation associated with CC.
NF-«B is a key mediator of signaling pathways
that regulate genes involved in carcinogenesis
and chemotherapy resistance, particularly with
platinum-based drugs such as cisplatin (8,9).
Both cisplatin and HPV E6 and E7 oncogenes
enhance NF-kB activation. These oncogenes
drive cervical cells toward cancer by persistently
activating the NF-xkB inflammatory signaling
pathway. Cisplatin further contributes to
chemotherapy resistance and exacerbates the
challenges in treating CC (10-12). Targeting NF-
kB has emerged as a promising strategy to
enhance anticancer therapies by inhibiting tumor
cell survival and resistance. However, current
NF-«B inhibitors may have off-target effects;
therefore, there is a need to identify novel
therapeutic compounds (13).

Insulin-like growth factor-binding protein-3
(IGFBP-3) is the most prevalent member of the
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IGFBP family and has demonstrated anti-tumor
activity in various cancers, including those of the
stomach, liver, pancreas, cervix, breast, lung,
and prostate, particularly when its expression is
upregulated or combined with anticancer
treatments (14-20). Furthermore, its interaction
with transmembrane protein 219 (TMEMZ219)
has been shown to induce caspases 8, 7, and 3,
leading to the degradation of the NF-kB p65
protein and, consequently, the loss of NF-kB
function (21). Inhibition of NF-«B via IGFBP-3
is beneficial in conditions such as
atherosclerosis, rheumatoid arthritis, asthma,
and liver disease (22-25).

To date, studies have primarily focused on
IGFBP-3’s anti-tumor activities in various
cancers or its anti-inflammatory role in
inflammatory diseases. Surprisingly, limited
attention has been given to the effects of
exogenous IGFBP-3, both alone and in
combination with cisplatin, on cancer-related
inflammation in CC HeLa cells, or whether it
promotes or  suppresses tumorigenesis.
Furthermore, its impact on the NF-«xB signaling
pathway in CC remains unexplored. This study
addressed these gaps by evaluating IGFBP-3’s
effects, alone and in combination with cisplatin,
on growth inhibition, apoptosis, cell cycle
regulation, and NF-kB-mediated inflammatory
signaling in CC.

MATERIALS AND METHODS

Chemicals and reagents

Dulbecco's modified Eagle medium with high
glucose (DMEM-HG) was commercially sourced
from Gibco (Thermo Fisher Scientific, Waltham,
MA, USA). thIGFBP-3 was provided by Bioscience
(Canada), and cisplatin was provided by Sobhan
Daru Pharmaceutical Company, Iran. Horseradish
peroxidase (HRP)-conjugated secondary antibody
was purchased from Santa Cruz Biotechnology, Inc
(Dallas, TX, USA). Anti-NF-kB p65, anti-
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) primary antibodies, and other essential
reagents for western blotting were procured from
Cell Signaling Technology and Thermo Scientific
(USA). Terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL), annexin V-
fluorescein  isothiocyanate/propidium  iodide
(Annexin V-FITC/PI), and caspase activity assay kits
were supplied by Elabscience (Houston, TX, USA).



Molecular materials were purchased from Pars Toos
Company, Iran.

Cell growth and experimentation

The human cervical adenocarcinoma cell
line (HeLa, HPV18-positive) was sourced from
the Iran Stem Cell Technology Research
Center. Incubation conditions for the cells were
as follows: DMEM-HG, 37 °C, 5% CO2, 10%
fetal bovine serum (FBS), and 1% penicillin-
streptomycin. Once the cells reached 70-80%
confluence, they were detached from T25 flasks
using a trypsin-EDTA solution for 4 min.
Viable cells were counted using trypan blue
staining. Subsequently, 2,500 cells were
dispensed into individual wells of 96-well
plates and treated with either rthIGFBP-3 or
cisplatin for 48 h, across a range of
concentrations (0 to 25 ug/mL for cisplatin and
0 to 4 pg/mL for thIGFBP-3).

MTT cell viability assay

The cytotoxic effects of cisplatin and
rhIGFBP-3 on Hela cells were assessed by
means of a colorimetric assay relying on the
reduction of the yellow tetrazolium dye, which
produces a purple coloration in the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. As an initial step, HeLa
cells were exposed to a predefined
concentration of cisplatin and rhIGFBP-3 for 48
h. Subsequently, an MTT solution (0.5 mg/uL)
was added, and incubation was continued for
approximately 3.5 h. After removal of the
MTT-containing medium, 200 pLL of dimethyl
sulfoxide (DMSO) was added to dissolve the
resulting purple formazan crystals, and the 96-
well culture plate was agitated on a shaker for
20 min. A Chromate-4300 microplate
spectrophotometer (Awareness Technology
Inc., Palm City, FL, USA) recorded absorbance
at 570 nm. Each experimental condition was
run in triplicate, and the entire procedure was
executed three times under identical conditions.
The following equation was used to calculate
the percentage of cell survival:

Cell survival (%)

0D of test sample — OD of blank

1
0D of control — 0D of blank * 100

where OD stands for optical density.
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Quantification of the combination index
between cisplatin and rhIGFBP-3 co-
treatment

The combinatory effect of cisplatin and
rhIGFBP-3  co-treatment was evaluated
using the fixed-ratio methodology developed
by Chou and Talalay (26). The fixed ratio of
5.5:1 was calculated by dividing the half-
maximal inhibitory concentration (ICso) of
cisplatin (6.06 ug/mL) by that of rhIGFBP-3
(1.12 pg/mL), as determined individually using
the MTT assay. Based on this ratio,
combination concentrations were prepared
by serially diluting cisplatin across a range
of 0.5-8 ug/mL, with corresponding rhIGFBP-
3 concentrations adjusted proportionally
(i.e., 0.09-1.45 pg/mL) to maintain the
5.5:1 ratio throughout. HeLa cells were
subjected to these combinations for 48 h,
after which cell viability was evaluated
through the MTT assay. Combination index
(CI) values were derived by employing
CompuSyn software. The CI was determined
for each affected fraction (fa), where fa is
defined as the percentage of inhibition divided
by 100. A CI value greater than 1 suggests
antagonism, values lower than 1 signify
synergism, and a value equal to 1 reflects an
additive effect.

Annexin V/PI cytometric analysis

As directed by the double staining Kkit,
HeLa cells were marked using Annexin V and
PI.  Before treatment with  specific
concentrations of cisplatin and rhIGFBP-3
for 48 h, 3 x 10° HeLa cells were plated into
wells and incubated overnight. Following this,
the cells were rinsed with phosphate-buffered
saline (PBS), released by incubation with
trypsin-EDTA  solution, and collected by
centrifugation.  Subsequently, the cells
were rinsed once more at 4 °C with PBS
(pH 7.4). Finally, after being washed
with 1x annexin-binding buffer, the cells were
gently reconstituted in 100puL of buffer
supplemented with 1 pL of PI and 5puL of
annexin V, followed by a 15-min incubation in
the dark. Flow cytometry-derived data were
processed using FlowJo 7.6.1 software to
identify necrotic, late apoptotic, and early
apoptotic cells.
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Cell cycle profiling

The treatment and incubation of HeLa cells for
cell cycle analysis were performed similarly to
the previous experiment. Following treatment,
harvested cells were washed with pre-chilled PBS
and then fixed by incubation in 70% ice-cold
ethanol at -20 °C for 30 min. After fixation, the
cells underwent washing with PBS and were
subsequently labeled with PI (50 pg/mL) and
RNase A (100 pg/mL). The labeled cells were
placed in a cell culture incubator for 30 min.
Finally, a minimum of 10,000 cells per group
were used to determine the distribution across
various stages of the cell cycle via FlowJo 7.6.1
software (FlowJo LLC, Ashland, OR, USA).

DNA fragmentation method

The extent of DNA fragmentation in the
treated cells was quantified viathe TUNEL assay.
In brief, after fixing the cells in 4% methanol-free
paraformaldehyde, the cells were cleansed three
times with PBS and kept at 4 °C, each wash
lasting 30 min. Next, the terminal
deoxynucleotidyl transferase equilibrium buffer
was applied to each slide and incubated at 37 °C
for 1 h. Upon completion of incubation, the slides
were rinsed three times with PBS for 5 min each
and then air-dried using absorbent paper.
Subsequently,  4',6-diamidino-2-phenylindole
(DAPI) was administered, and the slides were
incubated at 25 °C for approximately 5 min,
followed by four additional PBS washes.
Apoptotic nuclei were visualized as green
fluorescence. Images were acquired via a digital
camera connected to a fluorescence microscope,
with excitation wavelengths between 450 and 500
nm and emission between 515 and 565 nm.

Western blot analysis

The treated cells were taken from the surface
of  the plate and lysed using
radioimmunoprecipitation assay lysis buffer
containing 0.5 mM phenylmethylsulfonyl
fluoride, 0.5% protease inhibitor cocktail, and an
ultrasonic probe in an ice bath to determine the
total protein content using the Bradford method.
Equal concentrations of protein per sample were
electrophoretically separated on 12% sodium

dodecyl-sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and were then
transferred to a polyvinylidene fluoride
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membrane. The membranes underwent overnight
incubation at 4 °C with primary antibodies
targeting NF-xB p65 (1:1000, #8242) and
GAPDH (1:1000, #5174). Blocking was
performed with 5% nonfat milk dissolved in tris-
buffered saline supplemented with 0.1% tween 20
(TBST) for 2 h at 25 °C. Following three washes
with TBST, the membranes received incubation
treatment with an HRP-conjugated secondary
antibody (1:5000, sc-2357) for 2 h at 25 °C. After
three washes with TBST, the blots were
visualized on X-ray film using an enhanced
chemiluminescence kit. ImageJ software was
used to quantify band intensities, which were then
normalized to GAPDH.

Procedure for caspase 8, 9, and 3/7 activity
detection

Based on the mentioned kits, at least 300,000
cells were cultivated in each well of 6-well plates
until they reached the desired confluence and
were subjected to specific treatment. Then, the
cells were extracted, centrifuged, and finally
lysed in cold buffer. To the cytolysis samples, a
reaction buffer was added for the final reaction,
followed by the addition of specific substrates for
each caspase. The mixtures were incubated at 37
°C for 2 h, and absorbance readings at 405 nm
were used to quantify enzyme activity. Each of
the experiments was done three times, and the
enzyme activity was calculated from a previously
established p-nitroaniline standard curve.
Quantitative chain
reaction

Following the procedure, total RNA was
collected from all group cells using a protocol
provided by the Pars Toos Company (Iran). The
RNA concentration and purity of the extracts
were quantitatively assessed via a Nanodrop
spectrophotometer and qualitatively confirmed
by agarose gel electrophoresis. The Pars Toos
Easy complementary DNA (cDNA) synthesis kit
was utilized for cDNA synthesis. Primer
sequences for the reference and target genes were
developed utilizing gene sequences obtained
from the National Center for Biotechnology
Information (NCBI) database, using Primer3
software. The sequences were further validated
using the NCBI Basic Local Alignment Search
Tool software (Table 1).

real-time polymerase



Table 1. Assembled mRNA sequences for target genes.
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Gene name Sequence (5'>3'") Length
Forward: GAGAGTGATTGAGAGTGGACCAC
IL-8 Reverse: CACAACCCTCTGCACCCAGTTT 13
. Forward: GCTCTACACCTCCAATGTGACC
iNOS Reverse: CTGCCGAGATTTGAGCCTCATG 134
COX2 Forward: CGGTGAAACTCTGGCTAGACAG 110
Reverse: GCAAACCGTAGATGCTCAGGGA
Forward: AGACAGCCACTCACCTCTTCAG
1L-6 Reverse: TTCTGCCAGTGCCTCTTTGCTG 133
BAX Forward: AAGAAGCTGAGCGAGTGTCT ™
Reverse: TGCCGTCAGAAAACATGTCAG
Forward: AGAGTTGCTTTACGTGGCCT
BCL2 Reverse: AGCACCACTGCATTTCAGGA He
GAPDH Forward: GGTGGTCTCCTCTGACTTCAACA 127

Reverse: GTTGCTGTAGCCAAATTCGTTGT

Bcl-2, B-cell lymphoma 2; BAX, Bcl-2-associated X protein; IL, interleukin; COX, cyclooxygenase; iNOS, inducible nitric oxide synthase.

To determine the relative mRNA levels of
the target genes, quantitative real-time
polymerase chain reaction (QRT-PCR) analysis
was performed using the StepOne Real-Time
PCR System (Applied Biosystems, Foster City,
CA, USA) and Kiagene 2X SYBR Green PCR
master mix. The control gene, GAPDH, was
employed. The amplification process started
with an initial denaturation at 95 °C for 2 min
(1 cycle), succeeded by 40 cycles of
denaturation at 95 °C for 5 s, annealing at
optimized temperatures [GAPDH: 60 °C;
B-cell lymphoma 2 (BCL-2): 55 °C; BCL-2-
associated X protein (BAX): 53 °C;
cyclooxygenase-2 (COX-2): 57 °C; interleukin-
6 (IL-6): 62 °C; IL-8: 63 °C; inducible
nitric oxide synthase (iNOS): 52 °C] for
20 s, followed by an extension at 72 °C for
25 s, concluding with a final extension at 72 °C
for 1 min (1 cycle). The relative transcript
expression levels were estimated using the
27AACT formula.

Statistical analyses

GraphPad Prism 10.5.0 (774) (version
10.5.0, build 774; GraphPad Software, San
Diego, CA, USA) was selected to statistically
analyze data from three replicates in two
additional separate assessments, presenting the
results as mean £ SD. Evaluation of the data
normality was performed using the Shapiro-
Wilk test, and the difference between groups
relative to the control group was assessed using
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a one-way analysis of variance (ANOVA) test,
followed by Tukey's and Dunnett's post-hoc
tests. P-values < 0.05 were considered
statistically significant.

RESULTS
Growth-restraining  effects of cisplatin
and rhIGFBP-3, individually and in
combination

Cytotoxic effects of cisplatin and rhIGFBP-
3, either alone or in combination, were
evaluated in HeLa cells after 48 h using the
MTT assay (Fig. 1A). A statistically significant
cytotoxic effect of cisplatin was observed
starting at a concentration of 1.5 pg/mL.
rhIGFBP-3 exhibited significant cytotoxic
effects beginning at 0.5 ug/mL, with a
marked concentration-dependent increase at
higher concentrations. The ICso values for
cisplatin and rhIGFBP-3 were calculated to be
6.06 = 0.26 pg/mL and 1.12 + 0.034 pg/mL,
respectively. The combined inhibitory effects
of cisplatin and rhIGFBP-3 were assessed
using various concentration combinations,
with the CI value being determined according
to the method of Chou and Talalay, which
employs the  median-effect  equation.
The ICso for the combined treatment group
was calculated to be 3.63 + 0.28 pug/mL,
calculated from cell survival data as described
in the MTT cell viability assay section,
indicating that rhIGFBP-3 enhances the
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cytotoxic effect of cisplatin. Phase-contrast
microscopy revealed marked morphological
changes in HeLa cells following treatment with
varying concentrations of the rhIGFBP-3 and
cisplatin combination (Fig. 1B). Control cells
maintained high density and normal
morphology. However, as the concentration
of the combined treatment increased
(from 0.09 + 0.5 pg/mL to 1.45 + 8 pg/mL), a
substantial reduction in the proportion of viable
cells was observed. This was accompanied
by significant morphological alterations,
including cell shrinkage, rounding, and
detachment, characteristic of apoptosis, along
with a concentration-dependent reduction

150 =

Cell viability (%)

845w (Tphedd N

¥

Q-

Control 0.09 +0.5 0.18+1

rthIGFBP-3 (ug/mL)

in cell viability, as determined via the
MTT assay. However, CI values for fa levels
above 50% exceeded 1, indicating an
antagonistic effect between the two agents
(Table 2, Fig. 2A and B). Conversely,
at fa values below 50%, the dose reduction
index (DRI) was favourable for both drugs,
with DRI values greater than 1. The greatest
cytotoxicity and the most advantageous dose
reduction were observed for cisplatin at an fa of
45%, with a 2.13-fold dose reduction.
Therefore, the combined treatment of cisplatin
(2.53 pg/mL) and thIGFBP-3 (0.46 pg/mL) was
selected for further experimental evaluation
(Table 2).
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0.63+2 0.72+4 145+8

rhIGFBP-3 (pg/mL) + cisplatin (pg/mL)
Fig. 1. Cytotoxic effects of cisplatin, thIGFBP-3, and their combined treatment on HeLa cells after 48 h. (A) HeLa cell
viability after 48-h treatment with cisplatin, rhIGFBP-3, and their combination. Data are expressed as mean + SD; assays
were performed in triplicate in three independent experiments (n = 9). P < 0.05, **P < 0.01, ***P < 0.001 indicate
significant differences in comparison with the control group. (B) Phase-contrast microscopy images of cells treated with
combinations of rhIGFBP-3 and cisplatin at different concentrations reveal the percentage of viable cells and
morphological changes observed after 48 h. rhIGFBP, Recombinant human insulin-like growth factor-binding protein 3.

Table 2. Combination and DRIs for cisplatin and rhIGFBP-3.

Fraction affected  Cisplatin rhIGFBP3

(%) (ng/mL) (ng/mL) CI value DRI (cisplatin) DRI (rhIGFBP3)
40 4.803 0.864 0.869 2311 2.286

45 5.404 0.987 0.935 2.131 2.142

50 6.066 1.125 1.005 1.969 2.010

75 11.418 2.304 1.487 1.277 1.418

90 21.491 4.719 2.206 0.828 1

rhIGFBP, Recombinant human insulin-like growth factor-binding protein 3; DRI, dose reduction indices.
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Fig. 2. Effect of the combination of cisplatin and thIGFBP-3 on HeLa cells. (A) Concentration-effect curves for cisplatin,
rhIGFBP-3, and their combination, reflecting the effects of fa at levels of 0.5, 0.7, and 0.9 for each treatment. (B)
Isobologram demonstrating the combined effects of cisplatin and rhIGFBP-3 at different concentrations. thIGFBP,
Recombinant human insulin-like growth factor-binding protein 3.

Apoptotic effects of cisplatin and rhIGFBP-3,
both alone and in combination

The inhibitory mechanism of cisplatin and
rhIGFBP-3 on HeLa cell proliferation was
assessed by quantifying apoptotic and necrotic
cell populations using annexin V-FITC/PI dual-
labeling. Based on our previous calculations,
cells were treated in four groups for 48 h as
follows: cisplatin (2.53 pg/mL), rhIGFBP-3
(0.46 pg/mL), a combination group (2.53
pg/mL cisplatin + 0.46 pg/mL rhIGFBP-3), and
an untreated control group. As demonstrated in
Fig. 3A and B, the proportions of apoptotic cells
in the cisplatin-alone, rhIGFBP-3-alone, and
combination treatment groups were markedly
elevated compared to the untreated control
group, with values of 32.3 + 1.06%, 22.99 +
0.88%, 45.72 + 1.05%, and 0.87 + 0.58%,
respectively. The combination group induced a
significantly greater apoptotic response than
either cisplatin or rhIGFBP-3 alone.

DNA fragmentation effects of cisplatin and
rhIGFBP3, both alone and in combination
Following treatment with the predetermined
duration and concentration, DNA
fragmentation in HeLa cells was assessed using
the TUNEL method. Figure 4A shows
fluorescent images of HeLa cells containing
DNA fragments. The overall number of
TUNEL-positive cells rose appreciably in the
treated groups compared to the untreated
control group. The number of TUNEL-positive
cells was significantly elevated following the
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combination treatment, compared to either
single-treatment group. The results indicate that
the combined treatment leads to a marked
elevation in apoptosis in HeLa cells relative to
either single-agent treatment or the control
condition (Fig. 4B).

Effects of cisplatin and rhIGFBP-3 and their
combination on cell cycle arrest

We used PI labeling and flow cytometry to
examine the effects of cisplatin and rhIGFBP-
3, either individually or in combination, on cell
cycle distribution 48 h after treatment.
Treatment with cisplatin led to an evident
increase in the sub-G1 population, indicating
elevated levels of apoptosis, along with a
marked decrease in the number of cells in the
G1 phase compared to the control group.
However, Fig. 5A and B did not show
significant changes in the populations of cells
in the G2/M and S phases. The sub-Gl
population following rthIGFBP-3 treatment
remained low compared to both the cisplatin
and control groups, although the treatment
induced a notable accumulation of cells in the
G1 phase (60.16 = 1.04%), suggesting G1 phase
arrest. Combined treatment with cisplatin and
rhIGFBP-3 significantly increased the sub-Gl
population compared to the control group
(17.16 £ 1.04% vs. 0.75 + 0.25%), indicating a
rise in apoptotic cells. In this group, the Gl
phase population was significantly reduced,
and the distributions in S and Gl phases
remained unchanged.
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Q3 for early apoptotic cells (annexin V*/PI7), Q2 for late apoptotic cells (annexin V*/PI*), and Q1 for necrotic cells (annexin V/PI*).
(B) The quantitative proportion of apoptotic cells; the data are expressed as mean + SD of three independent experiments, each
performed in triplicate. ***P < 0.001 indicates significant differences in comparison with the control group, **P < 0.001 versus
the combination. thIGFBP, Recombinant human insulin-like growth factor-binding protein 3; PI, propidium iodide.
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Fig. 4. DNA fragmentation induced by cisplatin, thIGFBP-3, and their combination in HeLa cells after 48-h treatment. DNA
fragmentation in treated HeLa cells was assessed using the TUNEL assay and compared to untreated control cells. (A)
Fluorescent images of untreated and treated HeLa cells with FITC staining (green) to indicate apoptotic cells and DAPI (blue)
to label all nuclei. The merged images show the ratio of apoptotic cells (green) to the total cell population (blue). (B) The bar
graph represents DNA fragmentation and the number of apoptotic cells. The data are presented as mean + SD from three
independent experiments, each performed in triplicate. *P < 0.05 and ***P < 0.001 indicate significant differences in
comparison with the control group, “#P < 0.001 versus the combination. thIGFBP, Recombinant human insulin-like growth
factor-binding protein 3; FITC, fluorescein Isothiocyanate; DAPI, 4',6-diamidino-2-phenylindole.
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as mean + SD from three independent experiments. *P < 0.05 and ***P < 0.001 indicate significant differences in
comparison with the control group. rhIGFBP, Recombinant human insulin-like growth factor-binding protein 3.

Modulation of NF-kB p65 subunit expression
by cisplatin, rhIGFBP-3, and their
combination

We used the western blot method to evaluate
NF-kB p65 protein levels following treatment
with  cisplatin, rhIGFBP-3, or their
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combination, as this protein is an essential
signaling factor governing inflammation and
cellular survival in HeLa cells. Figure 6A
displays representative blots indicating NF-xB
p65 and GAPDH levels. The results
demonstrated a notable elevation in NF-kB p65
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levels in cisplatin-treated cells compared to the
untreated control group, confirming that
cisplatin upregulates the protein. In contrast,
rhIGFBP-3 alone significantly reduced NF-xB
p65 levels. Notably, co-treatment with both
agents contributed to a substantial decline in
NF-kB p65 levels relative to cisplatin
administration alone, although the Ilevels
remained significantly higher than those in the
rhIGFBP-3 and control groups (Fig. 6B).
Overall, these findings suggest that rhIGFBP-3
reduces NF-kB p65 subunit levels, while
cisplatin enhances them.

A

Control Combination rhlGFBP-3

NF-kB-p65

GAPDH

Cisplatin

Impact of cisplatin and rhIGFBP-3, alone and
combined, on caspase activity

Following the observation of cell death in
treated HelLa cells, we investigated whether
these treatments could stimulate the activity of
caspases 8, 9, and 3/7, which are the main
catalysts of programmed cell death. The results
confirmed that, compared to untreated cells,
both cisplatin and rhIGFBP-3 individually
induced a marked increase in caspase activity.
Moreover, their combination significantly
enhanced this effect, both relative to the control
group and the individual treatment (Fig. 7A-C).
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Fig. 6. Impact of cisplatin, thIGFBP-3, and their combination on NF-kB p65 protein levels in HeLa cells. (A) Immunoblot
images portray NF-kB p65 protein levels adjusted using GAPDH as an internal reference. (B) The bar graph expresses
the mean fold change in NF-kB p65 expression + SD, obtained from two experiments. ***P <0.001 indicates significant
differences in comparison with the control group, #*#P < 0.001 versus the combination. thIGFBP, Recombinant human
insulin-like growth factor-binding protein 3; NF-kB, nuclear factor kappa B.
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Fig. 7. The effect of cisplatin, thIGFBP-3, and their combination on caspase activity. Data are expressed as mean + SD
(n=9). *P <0.05, **P <0.01, and ***P < 0.001 indicate significant differences in comparison with the control group;
##P < 0.001 versus the combination. rhIGFBP, Recombinant human insulin-like growth factor-binding protein 3;
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Regulation of NF-kB downstream target gene BCL-2 levels compared to cisplatin alone and
expression by cisplatin, rhlGFBP-3, and their more substantially than rthIGFBP-3 alone
combination (Fig. 8B). Relative to the control group, the

We examined the mRNA expression levels of BAX/BCL-2 ratio increased markedly in all three
BAX and BCL-2 to assess the potential of treatment groups. Furthermore, the combination

cisplatin, thIGFBP-3, or their combination, at the treatment produced a significantly greater increase
indicated concentration and duration, to activate in the ratio compared to the individual treatments
apoptosis. Furthermore, we analyzed the (Fig. 8C). Regarding the expression of genes
expression of inflammation-related genes (IL-6, implicated in inflammatory regulation, it was

IL-8, iNOS, and COX-2), which are downstream found that cisplatin markedly elevated the levels of
targets of NF-xB and influence the balance IL-6, IL-8, COX-2, and iNOS compared to the

between programmed cell death and cell survival. untreated control group. In contrast, thiIGFBP-3
This assessment was done to clarify how these pro- treatment led to a notable reduction in all these
inflammatory factors affect apoptotic and survival inflammation-promoting factors. Interestingly, the
signaling pathways in our target cells. Statistical combination group exhibited a significant decrease

analysis revealed that, compared to the control in IL-6, IL-8, COX-2, and iNOS compared to
group, both cisplatin and rhIGFBP-3 markedly cisplatin treatment alone. However, when
upregulated BAX expression. Moreover, the compared to the control group, COX-2 and iNOS
combination of both treatments led to a noticeably levels remained significantly elevated, while IL-6
greater increase in BAX expression than either and IL-8 showed a slight, non-significant increase.
treatment alone (Fig. 8A). All three treatment Furthermore, the combination group displayed
groups led to a notable downregulation of BCL-2 significantly higher expression in IL-6, IL-8,
levels compared to the untreated control group. COX-2, and iNOS levels relative to the rhIGFBP-
Additionally, the combination group decreased 3 group (Fig. 8D-F).
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Fig. 8. Impact of cisplatin, thIGFBP-3, and their combination on the expression of apoptosis- and inflammation-associated
genes in HeLa cells. The cells were treated with the specified concentration and duration in three separate tests, each done
in triplicate. The data are presented as mean + SD. *P <0.05, **P <0.01, and ***P <0.001 indicate significant differences
in comparison with the control group; *P < 0.05, *#P < 0.01, *#P < 0.001 versus the combination. thIGFBP, Recombinant
human insulin-like growth factor-binding protein 3; Bcl-2, B-cell lymphoma 2; BAX, Bcl-2-associated X protein; IL,
interleukin; COX, cyclooxygenase; iNOS, inducible nitric oxide synthase.
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DISCUSSION

CC involves complex molecular and cellular
pathways, making it a lasting obstacle in
healthcare (6). Its onset is influenced by the
continuous deregulation of multiple
inflammatory pathways, with NF-kB playing a
central role. HPV 16+ and HPV 18+ are
frequently linked to the activation of NF-kB in
CC (27), a process that is further intensified by
cisplatin treatment and ultimately contributes to
therapy resistance (28). Identifying new treatment
modalities remains essential in light of these
challenges. Growing evidence supports that
combination therapies can minimize treatment-
related toxicity while improving treatment
effectiveness (29). This study presents evidence
for the benefits of combining cisplatin with an
NF-«B inhibitor to improve treatment outcomes
and reduce the required dosage of cisplatin.

This research represented the  first
investigation into the dual function of IGFBP-3 as
both a potentiator of cisplatin-induced apoptosis
and an inhibitor of NF-kB in HeLa cells. We
explored whether IGFBP-3’s pro-apoptotic
effects were related to its regulation of
inflammatory processes. Using the MTT assay,
we assessed IGFBP-3’s impact on cell viability.
Cell death mechanisms were identified through
cell cycle analysis, the TUNEL assay, and
annexin V/PI  labeling. The molecular
mechanisms of apoptosis were verified by
measuring caspase activities and evaluating the
Bax/Bcl-2 ratio. To scrutinize the relationship
between apoptosis and inflammation, we
analyzed NF-xkB p65 protein levels by western
blot and quantified pro-inflammatory transcripts
using real-time PCR. Extensive research has
highlighted the multifaceted functions of IGFBP-
3 in cancer, as it can act as either an oncogenic
driver or a tumor suppressor, depending on the
specific biological context. Numerous studies
have shown that IGFBP-3 induces apoptosis
across a range of malignancies, including
prostate, breast, esophageal, osteosarcoma, lung,
and oral cancers. This pro-apoptotic activity may
occur through elevated ectopic expression,
administration as an exogenous protein, or
synergistically ~ with ~ radiotherapy = and
chemotherapy (19,30-35). However, in some
cancers, such as squamous cell carcinomas

397

(cutaneous and of the tongue), glioblastoma, and
triple-negative breast cancer, elevated IGFBP-3
levels have been associated with increased cancer
cell survival or reduced therapeutic efficacy (36-
39). The MTT results of the current study
indicated that thIGFBP-3 aided in suppressing
HeLa cell growth when used in combination with
cisplatin. Both agents exhibited a concentration-
dependent reduction in cell viability. CI analysis
validated the synergistic anticancer effects
(CI < 1), suggesting that a lower cisplatin
concentration could be effective when used with
rhIGFBP-3. The DRI further highlighted the
therapeutic potential of this combination therapy.

To offer reliable data on the suppression of cell
growth, we used annexin V/PI and TUNEL
staining methods to assess early and late
apoptosis and DNA fragmentation, respectively.
Compared to therapy alone or no treatment,
analysis of the annexin V/PI assay showed that
rhIGFBP-3 combined with cisplatin dramatically
exacerbated total apoptosis in HeLa cells. This
clearly elucidated the pro-apoptotic roles of
IGFBP-3 in cancer. Additionally, TUNEL assay
results corroborated previous findings and
indicated that the combination of cisplatin and
rhIGFBP-3  significantly enhanced DNA
fragmentation in HeLa cells compared to either
treatment alone, with evidence of apoptosis
obtained from the annexin V/PI assay
corresponding accordingly. Previous research has
shown that ectopic expression of IGFBP-3 occurs
in radiation-exposed oral squamous cell
carcinoma, suggesting that ionization increases
the rate of apoptosis evident through annexin
V/PI staining and resultant DNA fragmentation in
Vivo (35). According to findings of the research
conducted by Williams et al., secretory or
synthetic IGFBP-3 can elevate apoptosis by up to
30% in colon carcinoma cells via induction of
tumor necrosis factor (TNF)-related apoptosis-
inducing ligand (TRAIL), while not affecting
TRAIL-resistant or non-tumor cells (40). Another
study confirmed that increased IGFBP-3 gene
expression causes DNA damage in microglia
while protecting neurons during ischemic events
(41). Recently, Wen e al. reported that
doxorubicin-treated cardiomyocytes exhibited
elevated intracellular and secreted IGFBP-3
levels. This elevation subsequently disrupted
IGF1-mediated survival signaling and led to a



significant  increase in  TUNEL-positive
cardiomyocytes (42). Contrary to our findings, a
study on cutaneous epidermoid carcinoma
revealed that knockdown of the IGFBP-3 gene
significantly increased DNA fragmentation (36).

Following the above methods, we examined
the cell cycle distribution to scrutinize how our
therapies targeted the cell cycle to prevent HeLa
cell growth. Investigations have highlighted that
IGFBP-3 is indispensable for managing cell cycle
arrest and provoking apoptosis in various cancers.
Wu et al. identified that IGFBP-3 drove G1/S
phase arrest and cell death in a variety of breast
malignancy cell lines (43), while Peng et al.
concluded that IGFBP-3 contributed to G1 phase
arrest in lymph node carcinoma of the prostate
cells and enabled cell growth suppression by high
doses of androgens (44). In agreement with these
findings, O’Han et al. revealed that IGFBP-3
knockdown in human breast cancer cells
facilitated cell cycle progression from G0/G1 to
the S phase, enhancing cell growth (45).
Similarly, esophageal squamous cell carcinoma
cells with increased IGFBP-3 expression
exhibited G1/S phase arrest and demonstrated
enhanced sensitivity to radiation (46), whereas
Wang et al. documented G2/M accumulation
upon irradiation in human oral epidermoid
carcinoma cells with p53 mutations (35). In
contrast to cisplatin alone, thIGFBP-3 therapy in
our study resulted in a considerable G1 phase
arrest, while the sub-G1 population, indicating
apoptosis, was smaller. However, co-treatment
with thIGFBP-3 and cisplatin caused a meaningful
enhancement in the sub-G1 population, reflecting
increased apoptosis and a decline in S-phase cells.
These findings support the idea that, depending on
the context and cell type, IGFBP-3 triggers
apoptosis and cell cycle arrest.

We clarified the molecular mechanisms of
apoptosis in response to treatments by examining
the expression levels of the BAX and BCL-2
genes, along with the activity of caspases 8, 9, and
3/7. Our findings emphasized an increase in the
activity of caspases 8, 9, and 3/7 and
demonstrated an elevated BAX/BCL-2 ratio
following thIGFBP-3 treatment, both alone and
in combination with cisplatin. Based on these
analyses, rhIGFBP-3 treatment initiated both
intrinsic and extrinsic mitochondrial apoptotic
pathways. These observations supported earlier
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findings in cancer and pancreatic beta cells,
indicating that IGFBP-3 triggered the extrinsic
mitochondrial pathway by activating caspase-8
through its death receptor TMEM219, which in
turn initiated the intrinsic apoptotic pathway (47-
49). The observed suppression of BCL-2 and
upregulation of BAX, culminating in enhanced
apoptosis with caspases 3/7 functioning as the
final executioners of programmed cell death,
further reinforced this mechanism. These results
aligned with the findings of Agostini-Dreyer and
colleagues, demonstrating that exogenous IGFBP-
3 accelerated the nuclear entry of nuclear receptor
subfamily 4 group A member 1, thereby
promoting intrinsic apoptosis (50). Moreover,
Buttet e al. validated that ectopic IGFBP-3
expression, achieved through cDNA transfection
in breast cancer cells, modulated the transcription
of Bax and BCL-2, both individually and in
response to ionizing radiation (31). In line with
these findings, we previously reported that the
rhIGFBP-3/TMEM219 axis in resistant pancreatic
ductal adenocarcinoma cells enhanced Bax
expression, suppressed BCL-2, and activated
caspases 8 and 3, ultimately leading to intrinsic
apoptosis (16).

NF-«B is widely recognized as a key survival
factor in cancer, playing a significant role in
cancer progression by activating anti-apoptotic
genes such as BCL-2, B-cell lymphoma-extra-
large, and inhibitor of apoptosis proteins, as well
as pro-inflammatory genes like IL-6, IL-8, iNOS,
and COX-2 (51,52). The dysregulation of these
genes fosters a tumor-promoting environment by
enhancing cancer cell proliferation, promoting
resistance to apoptosis, and reducing the
effectiveness of anticancer therapies (53-55). NF-
kB activation is classically mediated by the
canonical pathway, where stimuli such as
cytokines, pathogens, or stress signals trigger
inhibitor of kappa B (IkB) kinase (IKK)-
dependent phosphorylation and subsequent
degradation of IkBa, releasing NF-kB (primarily
p65/p50 heterodimers) for nuclear translocation
and transcriptional activation of target genes.
Numerous studies have reported that inhibiting
NF-kB can induce apoptosis in tumor cells or
increase their sensitivity to therapeutic agents
(56,57). In addition, IGFBP-3-mediated
inhibition of NF-xB has been implicated in
multiple diseases (21-25,40). Notably, IGFBP-3
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can suppress NF-kB through caspase-dependent
degradation of total p65, unlike conventional IKK
inhibitors that solely block phosphorylation
without affecting total protein levels (24). Our
observations prompted a critical question
regarding the mechanism of rhIGFBP-3 action:
were the observed apoptotic and cisplatin-
sensitizing effects in HeLa cells a consequence of
its anti-inflammatory properties? To investigate
this, we quantified NF-kB p65 protein levels by
western blotting and assessed the expression of its
downstream inflammatory target genes using RT-
PCR. Our findings corresponded with our initial
theoretical foundations and reflected previous
studies. thIGFBP-3 significantly decreased the
level of NF-kB p65 protein and led to a
statistically ~ significant reduction in the
expression of its downstream inflammatory genes
compared to the control group. In combination
with cisplatin, rhIGFBP-3 also significantly
reduced NF-«kB p65 protein levels and resulted in
a statistically significant downregulation of the
expression of its downstream inflammatory genes
compared to the cisplatin-treated group. The
findings of the study conducted by Kang et al.,
consistent with our results, showed that rhIGFBP-
3 mitigated lipopolysaccharide-induced acute
lung injury in mice by inhibiting the expression of
NF-«B and pro-inflammatory cytokines,
including TNFo, IL-6, IL-1B, and interferon-
gamma in lung tissues (58). In a study using
human hepatocellular carcinoma, overexpression
of IGFBP-3 inhibited NF-«B activity and reduced
IL-8 secretion stimulated by palmitate (25).
Another invitro study using an adenovirus vector
expressing IGFBP-3 in human osteoarthritis-like
fibroblast synoviocytes documented that IGFBP-
3 suppressed inflammation by inhibiting NF-xB
activation and TNFa-induced chemokine
secretion, while also sensitizing the cells to TNFa-
induced apoptosis (59). Likewise, Bogdan et al.
showed that thIGFBP-3 mediated hyperosmolar
inflammation, a key factor in dry eye pathogenesis,
by partially reducing IL-8 levels in human
telomerase-immortalized corneal epithelial cells
(60). Conversely, another study reported that
ectopic IGFBP-3 expression increased ionizing
radiation-induced oral squamous cell carcinoma
cell death by activating NF-kB, triggering cytokine
expression, and promoting the production of
reactive oxygen species (35). These findings from
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our study, along with previous research, suggested
that IGFBP-3 played an anti-inflammatory role by
modulating NF-«B signaling. However, its effects
may differ based on the tissue type and the specific
disease context.

Collectively, our invitro findings indicated that
rhIGFBP-3, either as a monotherapy or in
combination with cisplatin, downregulated NF-xB
p65 and its downstream inflammation-related
genes, modulated cell survival and apoptotic
signaling pathways, and induced cell cycle arrest
in HeLa cells, thereby exhibiting significant
antitumor activity. These mechanistic results
suggested the therapeutic potential of rhIGFBP-3,
particularly its ability to enhance cisplatin
cytotoxicity at reduced concentrations. However,
we emphasize that direct evidence for reduced
chemotherapy-induced side effects requires
comprehensive iNVvivo toxicity studies, which were
beyond the scope of the current investigation.

CONCLUSION

rhIGFBP-3, either alone or in combination
with cisplatin, functioned as a tumor suppressor
in HPVI18-infected HeLa cells. It showed
potential anticancer effects in HPV18-related CC
cells by inhibiting cell proliferation, inducing cell
cycle arrest, and modulating inflammatory
factors, likely through the suppression of NF-xB
signaling. Our findings suggest that thiIGFBP-3
lowers NF-kB p65 total levels and amplifies
cisplatin's cytotoxic effects, potentially allowing
for lower doses of the drug, which could be a
promising target for treating HPV18-related CC.
However, additional in vivo and in vitro research
is required to fully understand the mechanisms
through which rhIGFBP-3 leads to inactivation of
the NF-«xB pathway, cell death, and reduction of
chemotherapy side effects.

Limitation

We acknowledge that the exclusive use of
HelLa cells and the absence of in vivo or clinical
data represent important limitations that constrain
the broader applicability of these findings. Future
studies should validate these observations in
additional NF-kB-dependent cancer models and,
crucially, incorporate preclinical animal studies to
evaluate both therapeutic efficacy and potential
toxicity reduction. Such investigations will be



essential to establish the translational relevance
of ThIGFBP-3 and explore its interactions within
the tumor microenvironment and inflammatory
responses.
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