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Background: Ovarian cancer (OC) is one of the most lethal forms of gynecological malignancies. Previous studies indicate that
S100 calcium-binding protein A8 (S100A8) regulation of the phosphoinositide 3-kinase/protein kinase B (PI3K/Akt) pathway has
been implicated in the development and progression of a variety of cancers, but its effects and mechanisms in OC cells remain
unclear. This study aims to explore the effect of S100A8 on autophagy and apoptosis in OC cells and the regulatory effects of the
PI3K/Akt signaling pathway.
Methods: Viability of OC cells was assessed bymeans of the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. Cell migration was determined using the Transwell assay. The effect of S100A8 on autophagy in OC cells was assessed
using immunofluorescence and transmission electron microscopy. Flow cytometry analysis was conducted to assess apoptosis. To
study the expression of genes associated with cell viability, migration, autophagy, apoptosis, and the PI3K/Akt signaling pathway,
reverse transcription quantitative polymerase chain reaction (RT-qPCR) and Western blotting were performed.
Results: High concentrations of S100A8 protein significantly inhibited the activity of OC cells, with the most pronounced ef-
fect observed at 72 hours (p < 0.05). S100A8 protein inhibited the proliferation of OC cells and decreased the expression level
of migration-driving factors (p < 0.05). S100A8 protein promoted apoptosis and inhibited the protein levels of Beclin 1 and
microtubule-associated protein 1 light chain 3-II (LC3-II) in OC cells (p < 0.05). However, the PI3K/Akt activator blocked the
inhibitory effects of S100A8 on OC cell activity, autophagy, and migration, and hindered it from promoting apoptosis.
Conclusions: With its ability to inhibit proliferation, migration, and autophagy, and promote apoptosis in OC cells by inhibiting
the PI3K/Akt pathway, S100A8 holds promise as a potential target for the prevention and treatment of OC, providing an effective
therapeutic strategy for the clinic.
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Introduction

Ovarian cancer (OC) represents one of the most preva-
lent gynecological malignancies globally and is a typical
heterogeneous disease. Primarily, it is categorized into
three types according to the origin of the cells: germ cell
carcinoma, epithelial carcinoma, and stromal carcinoma.
Each type exhibits unique biological and clinical features
[1,2]. Because specific symptoms and effective biomark-
ers are absent, about 75% of patients are diagnosed at an
advanced stage (stages III and IV), where the five-year
survival rate falls below 30% [3,4]. Despite the efficacy
of cytoreductive surgery and platinum-based chemother-
apy, most patients eventually develop resistance and experi-
ence a recurrence of the disease [5]. Therefore, identifying
biomarkers and elucidating potential mechanisms are im-
portant topics in OC research.

Identified in 1965, the S100 protein family repre-
sents themost extensive subgroup among EF-hand calcium-
binding proteins, comprising a total of 21 distinct mem-

bers [6]. S100 proteins can function as intracellular cal-
cium sensors as well as extracellular signaling molecules
[7]. S100 calcium-binding protein A8 (S100A8) is a sig-
nificant member of the S100 calcium-binding protein fam-
ily, whose gene clusters in the chromosomal region 1q21,
which is often deleted, translocated, or amplified in tu-
mors, indicating its potential relationship to malignancies
[7,8]. S100A8 is an inflammatory factor that participates
in the inflammatory process by triggering signaling path-
ways through binding to cell surface receptors, playing a
key role in various tumors such as colorectal cancer [9] and
prostate cancer [10]. Research has shown that S100A8 is
expressed not only in cancer cells but also in infiltrating
immune cells and myeloid cells [11]. Furthermore, an el-
evated expression of S100A8 has been linked to adverse
outcomes in patients suffering from breast and bladder can-
cers [12]. S100A8 has been confirmed to play a role in
various signaling pathways, including phosphoinositide 3-
kinase/protein kinase B (PI3K/Akt) [13] and p38 mitogen-
activated protein kinase (p38/MAPK) [14]. S100A8 was
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also found to elevate the overall levels of β-catenin and
stimulate the transcription of its target genes, cellular mye-
locytomatosis oncogene (c-myc) and matrix metallopepti-
dase 7 (MMP7), leading to the activation of the Wnt/β-
catenin pathway [15]. In chronic inflammatory conditions
like tumors, the inflammatory proteins S100A8 and S100
calcium-binding protein A9 (S100A9) are closely associ-
ated with autophagy and apoptosis. They can enter car-
diomyocytes or other cardiac cells through Toll-like recep-
tor 4 (TLR4), bind to guanine nucleotide exchange factors
(GEFs), and convert Rac family small GTPase 1/2 (Rac1/2)
into their active forms as Ras homologous (Rho) guanosine
triphosphatases (GTPases), thereby acting on the mecha-
nistic target of rapamycin (mTOR) signaling pathway or the
nuclear factor kappa B (NF-κB) signaling pathway to influ-
ence tumor cell migration and survival [16,17]. The study
showed that the impacts of S100A8 vary across different
tumors and organs, suggesting a dual role for S100A8 [18].
Notably, previous study identified S100A8 as an oocyte-
expressed chemokine that functions by directing ovarian so-
matic cell migration [19]. In addition, S100A8 protein is a
unique salivary protein marker for non-invasive OC diag-
nosis [1]. However, the effect and mechanisms of S100A8
on OC cells remain unclear. Hence, this study aims to ex-
plore the impacts andmechanisms of S100A8 on autophagy
and apoptosis in OC cells.

The PI3K/Akt signaling cascade plays an essential
role in promoting oncogenic activities [20]. Akt, a vi-
tal signaling molecule, phosphorylates several downstream
targets, connecting them to multiple interrelated signal-
ing pathways. Upon receiving signals, PI3K attaches to
cell membrane receptors, which activate Akt. Akt then
moves to the cell membrane to gain catalytic activity, subse-
quently regulating downstream effector proteins [21]. The
PI3K/Akt signaling cascade is involved in the regulation
of multiple cellular functions, including cell cycle progres-
sion, cell survival, cell migration, autophagy, and apoptosis
[22–26]. Akt is recognized for its overexpression in various
human cancers and is linked with unfavorable prognosis in
some types of cancer [27]. Thus, it is speculated that the
PI3K/Akt pathway may play a role in the advancement of
OC.

In the present study, we found that S100A8 is an anti-
oncogene that may inhibit OC cell proliferation, migration,
and autophagy, and promote apoptosis by suppressing the
PI3K/Akt pathway.

Materials and Methods

Cell Culture and Treatment
Human OC cell lines 3AO (mucinous; YB-H0141)

were purchased from the Shanghai Ybscience Technology
Co., Ltd. (Shanghai, China), whereas SKOV3 (serous;
SCSP-5214) was purchased from the Shanghai Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). All

cell lines were validated with short tandem repeat (STR)
profiling and were found to be free of mycoplasma con-
tamination. The 3AO and SKOV3 cells, once frozen,
were quickly thawed in a water bath at 37 °C, cen-
trifuged at 3000 rpm for 10 minutes, and the super-
natant was subsequently discarded. Then, the cell pel-
let was resuspended in Roswell Park Memorial Institute
1640 (RPMI-1640) (11875119, Thermo Fisher Scientific,
Waltham, MA, USA) culture medium enriched with 10%
fetal bovine serum (FBS) and incubated at 37 °C within
an incubator maintaining a 5% CO2 atmosphere. A se-
ries of six S100A8 concentrations—0, 2, 4, 6, 8, and
16 µmol/L—were subjected to a preliminary concentra-
tion gradient screening to determine the best concentration
for the subsequent experiments. Based on previous stud-
ies, 1,5-dicaffeoylquinic acid (1,5-DQA) (B28155, Shang-
hai Yuanye Bio-Technology Co., Ltd., Shanghai, China),
a PI3K/Akt activator, was selected for use in the experi-
ment [28]. Both 3AO and SKOV3 cells were exposed to
varying concentrations of S100A8 protein (0, 2, 4, 6, 8,
16 µmol/L) (ZY792Bo011, HZbscience, Shanghai, China)
and 1,5-DQA (50 µmol/L, B28155, Shanghai Yuanye Bio-
Technology Co., Ltd., Shanghai, China).

The groups in this study were as follows: 0 µmol/L
group, no exogenous S100A8 was added; 2 µmol/L group,
added 2 µmol/L of S100A8; 4 µmol/L group, added 4
µmol/L of S100A8; 6 µmol/L group, added 6 µmol/L of
S100A8; 8 µmol/L group, added 8 µmol/L of S100A8; 16
µmol/L group, added 16 µmol/L of S100A8; Blank group,
no exogenous S100A8was added; S100A8 group, added 16
µmol/L of S100A8; S100A8+1,5-DQA group, on the basis
of 16 µmol/L S100A8, 50 µmol/L PI3K/Akt activator 1,5-
DQA was added.

MTT Assay
Cells from each treatment group were collected and

adjusted to a density of 5 × 103 cells/mL, then plated into
a 96-well plate and maintained in a 37 °C, 5% CO2 incuba-
tor. After culturing for periods of 24, 48, and 72 hours, each
well received 20 µL of a 5 g/L 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) reagent (BTM-
30006, Biotium, Fremont, CA, USA). Subsequently, the
wells were incubated in the dark for 4 hours. Afterwards,
the culture was terminated and the supernatant removed.
Then, 200 µL of dimethyl sulfoxide (DMSO) (D2650,
Sigma-Aldrich, St. Louis, MO, USA) solution was intro-
duced to each well. This was followed by shaking to ensure
complete dissolution of the crystals. Using a microplate
reader (MODEL680, Bio-Rad, Hercules, CA, USA), the
optical density (OD) of each well was assessed at a wave-
length of 490 nm. The cell viability was determined by
using the following formula: Cell viability (%) = (OD of
experimental group – OD of blank group)/(OD of control
group – OD of blank group) × 100.
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Table 1. Sequence of RT-qPCR primers.
Gene Forward (5′–3′) Reverse (5′–3′)

Ki67 CACGAGACGCCTGGTTACTA AGTTGGGTCTCCCCCTGTAA
PCNA TGTTGGAGGCACTCAAGGAC GAGTCCATGCTCTGCAGGTT
MMP2 TGATGGCATCGCTCAGATCC GGCCTCGTATACCGCATCAA
MMP7 GGAGTGCCAGATGTTGCAGA ATCTCCTCCGAGACCTGTCC
MMP9 TCTATGGTCCTCGCCCTGAA CATCGTCCACCGGACTCAAA
Bax CGGGGAGCAGCCCAGAG GTCTTGGATCCAGCCCAACA
Caspase 3 TGCTATTGTGAGGCGGTTGT TTCCCTGAGGTTTGCTGCAT
Bcl-2 ACAGGGTACGATAACCGGGA CAATCCTCCCCCAGTTCACC
β-Actin TCGAGGCTTTCAACACACCA GATCCAGGCGTAGAATGGCA
RT-qPCR, reverse transcription quantitative polymerase chain reaction; Ki67, ki67 anti-
gen; PCNA, proliferating cell nuclear antigen;MMP2, matrix metallopeptidase 2;MMP7,
matrix metallopeptidase 7; MMP9, matrix metallopeptidase 9; Bax, Bcl-2-associated x
protein; Caspase 3, cysteine-aspartic acid protease 3; Bcl-2, B-cell lymphoma 2; β-Actin,
beta-actin.

Quantitative Reverse Transcription Polymerase
Chain Reaction

Total RNA was isolated from the cells using TRI-
zol (15596026, Invitrogen, Mountain View, CA, USA)
and confirmed for purity and concentration using a
ultraviolet-visible (UV-visible) spectrophotometer (752,
INESA, Shanghai, China). The extracted total RNA
was subsequently converted into complementary DNA
(cDNA) through reverse transcription using Hifair II 1st
Strand cDNA Synthesis Kit (11119ES60, Yeasen, Shang-
hai, China) and conducted under the following conditions:
42 °C for 60 minutes and 72 °C for 5 minutes. The total
RNA extracted was subsequently reverse-transcribed into
cDNA under specific conditions: 42 °C for 55 minutes,
followed by 72 °C for 5 minutes. Table 1 lists sequences
of primers used in this study. Then, the reverse transcrip-
tion quantitative polymerase chain reaction (RT-qPCR) was
performed on a Bio-Rad QuantStudioTM Real-Time Sys-
tem (Thermo Fisher Scientific, Waltham, MA, USA) using
the RT-qPCR kit (RR071A, BIOSCIENCE, Hong Kong,
China) in accordance with the manufacturer’s instructions.
The reaction conditionswere: 95 °C for 5minutes, followed
by 38 cycles of 95 °C for 7 seconds, 60 °C for 30 seconds,
and 65 °C for 35 seconds. The PCR experiments were re-
peated three times with three replicate wells each time, the
relative expression levels were measured using the 2−∆∆CT

method.

Western Blotting
Cells from each treatment group were collected, and

radioimmunoprecipitation assay (RIPA) lysis buffer con-
taining phenylmethanesulfonyl fluoride (PMSF) was added
to extract the total protein. The extracted protein was
quantified using the bicinchoninic acid (BCA) method, en-
suring that it met quality standards. Equal volumes of
sample loading buffer were added, and the samples were

heated in a 100 °C water bath for 5 minutes to com-
pletely denature the proteins. Twenty micrograms of de-
natured protein were subjected to separation via sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). After electrophoresis, the protein products were
transferred to a polyvinylidene difluoride (PVDF) mem-
brane. The membrane was treated at ambient tempera-
ture for 60 minutes with 5% nonfat dry milk to block
nonspecific binding sites. Following this, the membrane
was incubated with primary antibodies overnight at 4 °C,
as follows: anti-ki67 antigen (Ki67) (1:1000, ab16667,
Abcam, Cambridge, UK), anti-proliferating cell nuclear
antigen (PCNA) (1:1000, ab18197, Abcam, Cambridge,
UK), anti-matrix metallopeptidase 2 (MMP2) (1:2000,
ab92536, Abcam, Cambridge, UK), anti-MMP7 (1:1000,
ab216631, Abcam, Cambridge, UK), anti-matrix metal-
lopeptidase 9 (MMP9) (1:1000, ab73734, Abcam, Cam-
bridge, UK), anti-PI3K (1:2000, ab131067, Abcam, Cam-
bridge, UK), anti-Beclin 1 (1:2000, ab62557, Abcam, Cam-
bridge, UK), anti-microtubule-associated protein 1 light
chain 3 (LC3)-II/LC3-I (1:2000, 12741, Cell Signaling
Technology, Inc, Beverly, MA, USA), anti-beta-actin (β-
Actin) (1:1000, ab1801, Abcam, Cambridge, UK), anti-Akt
(1:1000, ab38449, Abcam, Cambridge, UK). On the sub-
sequent day, the membrane was washed and then treated
with a horseradish peroxidase-labeled immunoglobulin G
(IgG) secondary antibody (ab288151, 1:2000, Abcam), fol-
lowed by a 60-minute room temperature incubation. For lu-
minescence, enhanced chemiluminescence (ECL) (32106,
Pierce, Waltham, MA, USA) was utilized. Lastly, the mem-
brane was exposed and processed in a darkroom. Photos
were taken using an automatic gel imaging system (CliNX,
ChemiScope 6200, Shanghai Qinxiang Scientific Instru-
ment Co., Ltd., Shanghai, China). β-Actin served as the
internal reference. The expression level of the target protein
was assessed by calculating the ratio of the density values of
the target protein band to those of the internal reference pro-
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tein band. The analysis of these bands was performed using
ImageJ software (V1.8.0.112, NIH, Madison, WI, USA).

Transwell Migration Assays
The 1.5 × 105 cells were placed into the upper cham-

bers of a Transwell plate featuring 8 µm pores (Sigma-
Aldrich, St. Louis, MO, USA). For the migration assay,
the lower compartments were filled with 800 µL of RPMI-
1640 supplemented with 10% fetal bovine serum (FBS)
to serve as a chemoattractant. Cells that had migrated to
the lower surface of the membrane were fixed using 4%
paraformaldehyde for 35 minutes and subsequently stained
with 0.1% crystal violet (M07174, Balb, Beijing, China)
for 1 hour at room temperature. Following staining, the
cells were visualized under a microscope (IX51, Olympus,
Tokyo, Japan) and counted at 100× magnification.

Immunofluorescence
3AO and SKOV3 cells were grown in cell culture

dishes. After fixation with precooled methanol for 20 min-
utes, the cells were permeabilized using 0.2% Triton X-
100 in phosphate-buffered saline (PBS) for an additional
20 minutes, and then incubated with 2% bovine serum
albumin in PBS to block non-specific sites for 35 min-
utes. Then, the cells were incubated with rabbit polyclonal
p62 (1:50, ab314504, Abcam, Cambridge, UK) and mouse
polyclonal microtubule-associated protein 1 light chain 3
(LC3) primary antibodies (1:50, ab244210, Abcam, Cam-
bridge, UK) at 37 °C for 80 minutes. Subsequently, the
cells were incubated with secondary antibodies, goat anti-
rabbit immunoglobulin G tagged with Texas Red (IgG-
TR) (1:10,000, ab6718, Abcam, Cambridge, UK) and don-
key anti-mouse immunoglobulin G conjugated with fluo-
rescein isothiocyanate (IgG-FITC) (1:10,000, ab6816, Ab-
cam, Cambridge, UK), at 37 °C for 1 hour, and then la-
beled with 4′,6-diamidino-2-phenylindole (DAPI) (1:1000,
ab104139, Abcam, Cambridge, UK). The images were
captured using a confocal microscope (FV3000, Olympus,
Tokyo, Japan) and Slidebook 4.2.0.11 computer software
(Intelligent Imaging Innovations, Inc., Denver, CO, USA).

Transmission Electron Microscopy
The cells were post-fixed with 2.5% glutaraldehyde

in a 0.1 M phosphate buffer for 2.5 hours at 4 °C, followed
by post-fixation with 1% osmium tetroxide for 3.5 hours.
Samples were collected by scraping and then centrifuged
(1000 rpm/min, 4 °C, 5 min) to form pellets, which subse-
quently underwent dehydration through a series of succes-
sive graded ethanol solutions. After the dehydration step,
the specimens were infiltrated and embedded with Epon™
resin. After sectioning procedure using a LeicaUltracutMi-
crotome (Leica EMUC6, LeicaMicrosystems Inc., Buffalo
Grove, IL, USA), ultrathin sections, approximately 70 nm
thick, were stained with uranyl acetate for 3 minutes, and
examinedwith a JEOL JEM-1400 transmission electronmi-
croscope (JEOL Ltd., Tokyo, Japan).

Flow Cytometry
The cells from each treatment group were collected

and seeded at a density of 1 × 105 cells per well in a 6-
well plate, then cultured in a 37 °C, 5% CO2 cell incuba-
tor. After culturing for 24 hours, the cells were digested
with trypsin, centrifuged (1000 rpm/min, 4 °C, 5 min),
and the supernatant was discarded to collect the cell pellet.
The pellet was resuspended in 200 µL of binding buffer,
followed by the sequential addition of 10 µL of Annexin
V-fluorescein isothiocyanate (Annexin V-FITC) (C1062L,
Beyotime, Beijing, China) and 10 µL of propidium iodide
(PI). Themixture was gently stirred and then left to incubate
in the dark at room temperature for 15 minutes. Following
this, 300 µL of binding buffer was introduced. The cells
were analyzed with a flow cytometer (FC-500, Beckman,
Fullerton, CA, USA), and the resulting data were processed
using ImageJ (V1.8.0.112, NIH, Madison, WI, USA).

Statistical Analysis
Data processing and analysis were carried out using

GraphPad Prism 8.0 software (GraphPad Software, San
Diego, CA, USA), with each experiment conducted in trip-
licate. For comparisons involving multiple groups, one-
way analysis of variance (ANOVA) followed by Tukey’s
post hoc test was applied, whereas differences between two
groups were assessed using a t-test. Results are expressed
as mean± standard deviation, and results with p-values be-
low 0.05 were considered statistically significant.

Results

Exogenous S100A8 Inhibited the Activity of Ovarian
Cancer Cells

To examine the effect of exogenous S100A8 on the
viability of OC cells, we utilized the MTT assay to treat
OC cells 3AO and SKOV3 with different concentrations of
S100A8 protein (0, 2, 4, 8, 16 µmol/L) for 24, 48, and 72
hours. The results showed that, compared to the 0 µmol/L
group, the activity of 3AO and SKOV3 in the 16 µmol/L
group was significantly reduced, and at 72 hours, it was sig-
nificantly lower than at 24 hours (p < 0.05) (Fig. 1a,b). In
addition, we also assessed the protein and mRNA levels of
the proliferation markers Ki67 and PCNA using RT-qPCR
and Western blotting. Compared to the 0 µmol/L group,
the mRNA levels of Ki67 and PCNA in other S100A8 con-
centration groups were significantly reduced, with a pro-
nounced effect in the 8 and 16 µmol/L groups (p < 0.01)
(Fig. 1c–f). Similarly, the protein levels of Ki67 and PCNA
in the 2, 4, 8, and 16 µmol/L groups were lower than those
in the 0 µmol/L group, and more significantly in the 16
µmol/L group (p < 0.01) (Fig. 1g–l). Collectively, these
findings indicate that exogenous S100A8 suppresses the ac-
tivity of OC cells.
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Fig. 1. Effect of exogenous S100A8 on the viability of OC cells. (a,b) Detection of 3AO and SKOV3 cells activity by means of MTT
assay. (c–f) The mRNA levels of proliferation markers Ki67 and PCNA were measured using RT-qPCR. (g–l) The protein levels of
Ki67 and PCNA were detected by means of Western blotting. n = 3. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 versus 0
µmol/L group; #p< 0.05, ##p< 0.01versus 24 h group; ns, no significant difference. Abbreviations: OC, ovarian cancer; S100A8, S100
calcium-binding protein A8; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

Exogenous S100A8 Inhibited the Migration of
Ovarian Cancer Cells

To determine whether exogenous S100A8 hampers
the metastasis of OC cells, RT-qPCR andWestern blot anal-
yses were conducted to evaluate the expression levels of

MMP2, MMP7, and MMP9, which are crucial regulatory
molecules in cancer cell invasion and migration in OC. The
RT-qPCR results showed that compared with the 0 µmol/L
group, the mRNA levels of MMP2, MMP7, and MMP9
were significantly reduced in the 16 µmol/L group (p <
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Fig. 2. Effects of exogenous S100A8 on migration of OC cells. (a–c) The mRNA levels of key factors of cancer migration were
measured by RT-qPCR. (d–k) The protein levels of key factors of cancer migration were detected by Western blotting. (l–n) Migratory
capacity of OC cells analyzed by Transwell assay. n = 3. *p< 0.05, ** p< 0.01, ***p< 0.001 versus 0 µmol/L group; ns, no significant
difference.

0.001) (Fig. 2a–c). Western blot results indicated that the
protein levels of MMP2, MMP7, and MMP9 were signifi-

cantly decreased in the 16 µmol/L group compared to the 0
µmol/L group, as shown in Fig. 2d–k (p< 0.01). The results
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Fig. 3. Effect of exogenous S100A8 on autophagy and apoptosis in OC cells. (a–f) Autophagy-related protein Beclin 1 and
microtubule-associated protein 1 light chain 3 (LC3)-II/LC3-I levels were analyzed by means of Western blotting. (g–i) Immunoflu-
orescence staining for LC3 and p62 was conducted in 3AO and SKOV3 cell lines, with the red fluorescence indicating p62 expression
and the green fluorescence corresponding to LC3 levels. (j) Electron microscopy images showing autophagosomes, as indicated by ar-
rows. (k,l) Level of apoptosis detected through flow cytometry analysis. n = 3. *p < 0.05, **p < 0.01, ***p < 0.001 versus 0 µmol/L
group; ns, no significant difference. Abbreviation: DAPI, 4′,6-diamidino-2-phenylindole.
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Fig. 4. PI3K/Akt blocked the effects of S100A8 onOC cell proliferation andmigration. (a–d) The phosphorylation level of PI3K/Akt
was detected through Western blotting. (e–i) The mRNA levels of Ki67, PCNA, MMP2, MMP7 and MMP9 detected by means of RT-
qPCR. n = 3. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Abbreviations: 1,5-DQA, 1,5-Dicaffeoylquinic acid; PI3K/Akt,
phosphoinositide 3-kinase/protein kinase B.

of the Transwell assay showed that the migratory ability of
the two OC cells decreased as the concentration of exoge-
nous S100A8 gradually increased (p < 0.05) (Fig. 2l–n).
Therefore, the results show that exogenous S100A8 inhibits
the migration of OC cells.

Effect of Exogenous S100A8 on Autophagy and
Apoptosis in Ovarian Cancer Cells

To elucidate the impact of S100A8 on autophagy and
apoptosis in OC cells, we investigated the expression of
genes related to autophagy and measured the rate of apop-
tosis. In the 3AO cells, compared with the 0 µmol/L group,
the protein level of Beclin 1 and the ratio of LC3-II/LC3-I
in the 16 µmol/L group were significantly decreased (p <

0.001) (Fig. 3a–c). However, in SKOV3 cells, compared
with the 0 µmol/L group, the protein level of Beclin 1 was
significantly decreased in the 16 µmol/L group (p< 0.001)
(Fig. 3d,e), but the LC3-II/LC3-I ratio showed no statisti-
cal difference (p > 0.05) (Fig. 3d–f). Immunofluorescence
analysis of LC3 and p62 revealed that the autophagy level in
cells significantly decreased after exogenous S100A8 inter-
vention (p < 0.05) (Fig. 3g–i). Electron microscopy anal-

ysis further revealed that S100A8 treatment reduced the
number of autophagosomes in both cell lines (Fig. 3j).

Furthermore, compared with the 0 µmol/L group, the
apoptosis ratio of 3AO and SKOV3 cells elevated signif-
icantly in the 16 µmol/L group (p < 0.001) (Fig. 3k,l).
The results revealed that S100A8 suppressed autophagy and
boosted apoptosis in OC cells, and exerted anticancer ef-
fects. Therefore, the S100A8 concentration of 16 µmol/L
was chosen for the subsequent experiments.

PI3K/Akt Blocked the Inhibitory Effect of S100A8 on
Ovarian Cancer Cell Proliferation and Migration

To determine whether PI3K/Akt blocks the inhibitory
effect of S100A8 on the proliferation and migration of OC
cells, we treated the 3AO and SKOV3 cells with a PI3K/Akt
pathway activator. Compared with the blank group, the
S100A8-treated group exhibited a marked decrease in the
ratios of p-PI3K/PI3K and p-Akt/Akt protein expression (p
< 0.01). P-PI3K/PI3K and p-Akt/Akt protein levels were
higher than those in the S100A8 group after PI3K/Akt ac-
tivator treatment (p < 0.05) (Fig. 4a–d). Similarly, mRNA
levels of the proliferation markers Ki67 and PCNA, as well
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Fig. 5. PI3K/Akt blocked the effects of S100A8 on OC cell autophagy and apoptosis. (a–d) Western blot assessment of Beclin 1 and
LC3-II/LC3-I protein expression. (e,f) Flow cytometry assessment of the apoptosis rate of 3AO and SKOV3 cells in each group. (g–i)
The mRNA levels of apoptosis markers Bax, caspase 3 and Bcl-2 detected by RT-qPCR. n = 3. *p < 0.05, **p < 0.01, ***p < 0.001.

as the migration-regulating factors MMP2, MMP7, and
MMP9, were significantly increased after PI3K/Akt activa-
tor intervention (p < 0.05) (Fig. 4e–i). Briefly, the results
reveal that the activation of the PI3K/Akt pathway obstructs
the suppressive impact of S100A8 on the proliferation and
migration of OC cells.

PI3K/Akt Blocked the Effects of S100A8 on
Autophagy and Apoptosis in Ovarian Cancer Cells

Compared to the blank group, LC3-II and Beclin 1
protein levels were markedly decreased in the S100A8
group (p < 0.01). In comparison to the S100A8 group, the
protein levels of LC3-II/LC3-I and Beclin 1 in the PI3K/Akt
activator group were significantly increased (Fig. 5a–d).
Besides, compared with the S100A8 group, the apoptosis
ratio of 3AO and SKOV3 cells was reduced significantly
in the PI3K/Akt activator group (p < 0.01) (Fig. 5e,f). Our

RT-qPCR data showed that mRNA levels of the apoptosis
marker B-cell lymphoma 2 (Bcl-2) were significantly in-
creased after PI3K/Akt activator intervention, whereas lev-
els of Bcl-2-associated x protein (Bax) and caspase 3 were
significantly decreased, as shown in Fig. 5g–i (p < 0.05).
Collectively, these outcomes indicate that the activation of
the PI3K/Akt pathway obstructs the influence of S100A8
on both autophagy and apoptosis in OC cells.

Discussion

Although many studies have indicated that S100A8
plays an anti-cancer role in colorectal carcinoma and thy-
roid cancer [29,30], its mechanisms as an anti-cancer agent
remain unclear, especially in OC. In this study, high con-
centrations of S100A8 significantly inhibited cell prolifer-
ation, autophagy and migration, while promoting apopto-
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sis. Additionally, the PI3K/Akt pathway blocked the ef-
fects of S100A8 on the proliferation, migration, autophagy,
and apoptosis of OC cells. Previous studies have also found
similar results [31,32]. The results of this study establish a
theoretical foundation for identifying biomarkers and un-
derstanding the potential mechanisms of OC, which could
contribute to lowering the mortality rate among women af-
fected by this disease.

The S100A8 gene is located at the chromosome lo-
cus 1q21.3. Dimova et al. [33] reported that amplifica-
tion at this locus occurs in ovarian cancers. Dysregula-
tion of S100A8 expression is commonly observed in var-
ious cancers and is linked to tumorigenesis and progres-
sion in cancers, including breast cancer [34], colorectal can-
cer [35], and kidney cancer [36]. Furthermore, an asso-
ciation exists between S100A8 and poor prognosis in pa-
tients with bladder cancer [12]. Additional research has
demonstrated that extracellular S100A8/S100A9 promotes
a potent anti-tumor response by enhancing cytotoxicity and
inducing apoptosis [37]. However, there is currently lim-
ited research on the effects of S100A8 on OC and its po-
tential molecular mechanisms. In this study, the S100A8
protein markedly decreased the viability and restricted the
migration of OC cells. These results align with prior studies
conducted on thyroid cancer [30] and colorectal carcinoma
[29].

Autophagy and apoptosis are recognized as crucial
pathways that contribute to various human diseases, in-
cluding cancer, inflammatory conditions, and heart failure
[38,39]. Beclin 1, an autophagy-related protein, partici-
pates in tumorigenesis and progression by influencing the
cell cycle, regulating tumor cell apoptosis, and modulat-
ing tumor angiogenesis [40,41]. The LC3 protein is pre-
dominantly located on the surfaces of autophagosomes and
autophagic membranes, where it plays a key role in au-
tophagosome formation [42]. In this study, S100A8 was
found to reduce the expression levels of Beclin1, LC3 II
and p62, and the number of autophagosomes in OC cells,
consistent with previous findings in tumors such as cervi-
cal cancer [43] and pancreatic cancer [44]. Furthermore,
another report indicates that S100A8/S100A9 demonstrates
a robust anti-tumor response by enhancing apoptosis [37],
aligning with the findings of this study. Li et al. [45] also
confirmed the relationship between autophagy and apopto-
sis: blockade of autophagy by 3-methyladenine increased
apoptosis. However, in acute myeloid leukemia, S100A8
suppresses HL-60 cell apoptosis [46]. The expression of
S100A8 may vary in different organ tumors, different types
of tumors in the same organ, or even at different stages
of development of the same tumor, indicating that it has
a dual role [18]. Previous studies have demonstrated that
S100A8 is pro-migratory at lower concentrations [47], but
pro-apoptotic at higher concentrations [48]. In addition, re-
search has confirmed the existence of a balance between
anti-carcinogenicity and carcinogenicity of S100A8, but

how the balance is tipped depends on the expression level
and location of S100A8 [49].

Many studies have shown that S100A8 is associated
with signaling pathways in various cancer cells [30,50].
In OC cells, several pathways related to cell proliferation,
migration, apoptosis, and invasion are involved, includ-
ing the Wnt/β-catenin [51,52], mTOR [53], and extracellu-
lar signal-regulated kinase (ERK) signaling pathways [54].
S100A8 promoted the survival and migration of colon can-
cer cells through activation of the Wnt/β-catenin pathway
[15]. In uroepithelial carcinoma, activation of the NF-κB
pathway by S100A8 blocked apoptosis [55]. As the impacts
of S1000A8 on autophagy and apoptosis in OC cells medi-
ated through the PI3K/Akt pathway and the critical role of
the PI3K/Akt pathway in regulating cell proliferation, sur-
vival, autophagy, and apoptosis remain under-explored, in
this study, we aimed to investigate, depending on the activa-
tion status of PI3K/Akt signaling pathway, the influence of
S100A8 on autophagy and apoptosis in OC cells. Addition-
ally, this pathway is implicated in several pathological con-
ditions, including a range of tumor types [56,57]. Research
has shown that the PI3K/Akt pathway is involved in the
autophagy and apoptosis of OC cells [58,59]. Knockdown
of S100A8 has been reported to enhance cell proliferation
and trigger breast cancer through the PI3K/Akt signaling
pathway [32]. In the current study, our results showed that
PI3K/Akt activation using 1,5-DQA blocked the inhibitory
effects of S100A8 on OC cell activity, autophagy and mi-
gration, and its promotion of apoptosis, indicating that inhi-
bition of the PI3K/Akt pathway is the mechanism through
which S100A8 induces apoptosis and suppresses prolifera-
tion, autophagy and migration of OC cells.

Conclusions

In summary, S100A8 inhibits proliferation, migration
and autophagy, and promotes apoptosis in ovarian cancer
cells by inhibiting the PI3K/Akt pathway. Thus, S100A8
holds promise as a potential target for the prevention and
treatment of ovarian cancer, providing an effective thera-
peutic strategy for the clinic.
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