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Abstract

Ovarian cancer (OC) is among the most prevalent malignant tumors affecting the female reproductive system. Notably,
CEBPB has emerged as a highly promising biomarker, attracting substantial attention for its role in mediating chemo-
therapy resistance to PARP inhibitors (PARPi). However, the precise mechanism of action of CEBPB in OC remains poorly
understood. CCK-8 assays, colony formation assays, transwell assays, and wound healing assays were employed to assess
malignant behaviors of OC cells. Flow cytometry was utilized to analyze cell apoptosis and cell cycle progression. qRT-PCR
and Western blot analyses were performed to quantify the levels of SOS1 and phosphorylated ERK1/2 (p-ERK1/2). Overex-
pression of CEBPB enhanced the proliferation, colony formation ability, invasion, migration, and cell cycle progression of
SKOV3 and A2780 OC cells, while simultaneously inhibiting their apoptosis. Conversely, knockdown of CEBPB produced
opposite effects (p < 0.01). Results from the MAPK Signaling Pathway PCR Array and Western blot analyses indicated that
CEBPB increases the expression of SOS1 (p <0.01). Additionally, dual-luciferase reporter assays demonstrated that CEBPB
binds to the promoter sequence of the target gene SOS1. CEBPB knockdown significantly inhibited the malignant behavior
of OC cells and reduced the levels of p-ERK1/2, whereas overexpression of SOS1 partially reversed this effect (p <0.01).
In xenograft models, CEBPB activates ERK1/2 via SOS1 upregulation, which subsequently promotes tumor growth and
suppresses apoptosis (p <0.01). CEBPB regulates ERK1/2 activity through SOS1 and contributes to OC progression.
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nonspecific complaints such as abdominal or pelvic pain,
bloating, difficulty eating, and urinary issues. Consequently,
it is frequently misdiagnosed initially and is usually identi-
fied only after metastasis has occurred [5]. Currently, useful
serum tumor markers that aid in the clinical diagnosis of
OC include CA125, HE4, CEA, AFP, and CA199, among
others [6]. Although these markers are widely used, their
individual diagnostic value remains limited. Therefore, the
joint detection of multiple indicators has emerged as a prom-
ising trend in the early diagnosis of clinical OC. The intro-
duction of PARP inhibitors (PARPi) has revolutionized the
treatment landscape for OC. Evidence shows that PARPi are
highly effective both as initial treatment and for platinum-
sensitive recurrent OC. While PARPi maintenance therapy
following response can significantly extend progression-free
survival, its impact on overall survival remains limited [7].
In conclusion, the challenges of early diagnosis and chemo-
therapy resistance contribute to OC’s poor prognosis. Fur-
ther research into OC pathogenesis and the identification of
molecular biomarkers are essential for improving outcomes.

CEBPB, a member of the leucine zipper transcription
factor family, plays significant roles in various biological
processes, including cell proliferation, differentiation, apop-
tosis, oncogene-induced senescence, and tumor development
[8—11]. Currently, the regulation of target genes by CEBPB
in OC remains underexplored. Existing studies indicate that
LINCO00035 promotes OC progression by influencing gly-
colysis and apoptosis through the CEBPB-mediated tran-
scription of SLC16A3 [12]. Additionally, COL11A1 has
been shown to induce chemotherapy resistance in OC cells,
with a CEBPB binding site in the COL11A1 promoter serv-
ing as the primary determinant of COL11A1 activation by
anticancer drugs [13]. Furthermore, PARPi have demon-
strated high efficacy in treating high-grade serous OC char-
acterized by homologous recombination deficiency [14].
Studies have identified CEBPB as a key regulator of the
homologous recombination pathway, as it directly targets
and upregulates several homologous recombination genes,
thereby restoring homologous recombination capability and
mediating acquired resistance to PARPi [8, 15, 16]. Conse-
quently, CEBPB may serve as a potential indicator of PARPi
response. Given the critical role of PARPi in OC treatment,
further investigation into the functional mechanisms of
CEBPB in this context is warranted.

The guanine nucleotide exchange factor Son of Seven-
less (SOS) family comprises two members: SOS1 and SOS2
[17]. Under upstream signaling, SOS1 is recruited to the
cell membrane via Grb2 binding, where it acts as a guanine
nucleotide exchange factor (GEF) for RAS, promoting RAS
activation [18]. Studies have shown that mutated K-RAS
activates wild-type RAS (H-RAS and N-RAS) through
SOS1-mediated allostery, and this activated wild-type RAS
drives tumor progression via the ERK/MAPK/JNK pathway
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[19]. Therefore, SOS1 is a key regulator of ERK1/2 activa-
tion. Moreover, CEBPB undergoes phosphorylation via the
RAS/MAPK pathway [20, 21], and its transcriptional acti-
vation potential is stimulated by either Ca2 + /calmodulin-
dependent protein kinase or ERK1/2 [22, 23]. Collectively,
these findings establish that CEBPB and SOSI1 as pivotal
regulators of the RAS/MAPK/ERK/JNK cascade. There-
fore, we investigated the mechanism through which CEBPB
regulates ERK1/2 activity via SOS1, thereby promoting OC
progression. Our study elucidates this mechanism using both
in vitro and in vivo models, providing theoretical foundation
for OC treatment.

Materials and methods
Cells and animal sources

Human OC cell lines SKOV3 and A2780 were obtained
from the Henan Industrial Microbial Culture Engineering
Technology Research Center. Twenty-four 6-week-old,
SPF-grade female BALB/c nude mice, weighing 18-22 g
were purchased from Beijing Vital River Laboratory
Animal Technology Co. (Animal certification number:
1017820638302109831). The mice were housed under
controlled conditions: temperature maintained at (25+1)C,
humidity at 40%-60%, and a 12 h light/dark cycle. All
experiments complied with ARRIVE guidelines and were
approved by the Institutional Animal Care and Use Com-
mittee (IACUC) of Kunming Medical University (approval
number: KMMU20241878).

Cell culture and experimental groups

SKOV3 and A2780 cells were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS)
at 37 °C under 5% CO, in a humidified cell culture incuba-
tor. Cells were harvested at the logarithmic growth phase
(~80% confluency) and systematically allocated into the fol-
lowing five experimental groups: blank control (BC), nega-
tive control (NC), CEBPB knockdown (sh-CEBPB), CEBPB
overexpression (OE-CEBPB), and CEBPB knockdown com-
bined with SOS1 overexpression (sh-CEBPB + OE-SOS1).
Short hairpin RNAs (shRNAs) targeting CEBPB, along
with OE-CEBPB and OE-SOS1 lentivirus vectors, were
obtained from Tsingke Biotechnology Co., Ltd. Cells were
subsequently infected with sh-CEBPB, OE-CEBPB, and
OE-SOSI1 lentiviral vectors, and their corresponding empty
lentiviral vectors. The shRNA sequences used for CEBPB
knockdown were as follows: sh-CEBPB 1#: 5'-GCACAG
CGACGAGTACAAGAT-3', sh-CEBPB 2#: 5'-CCTGCG
GAACTTGTTCAAGCA-3', sh-CEBPB 3#: 5'-CAACCT
GGAGACGCAGCACAA-3', and sh-CEBPB 4#: 5'-GCT
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GCGCGCTTACCTCGGCTA-3'. After 48 h of transfection,
the transfection efficiency was assessed via qRT-PCR [24].

qRT-PCR

Total RNA was extracted from each experimental group,
and qPCR was performed according to the manufacturer’s
protocols using Tiangen Biochemical Technology Co.’s
reverse transcription and SYBR Green PCR kits. The PCR
reaction parameters included 95 C for 30 s, followed by
95 °C for 10 s, and 65 °C for 30 s, for a total of 40 cycles.
The relative expression of target genes was quantified using
the 2-AACt method with GAPDH as the internal reference
gene. The primer sequences were as follows: CEBPB (F:
5 TTTGTCCAAACCAACCGCAC-3',R: 5'-GCATCAACT
TCGAAACCGGC-3"), SOS1 (F: 5-CGAGCCCTTTTCACT
CAAGC-3', R: 5'-GCCATGGGGCAGAGTAACTT-3"),
and GAPDH (F: 5'-"AGACCACAGTCCATGCCATC-3", R:
5'-CAGGGCCCTTTTTCTGAGCC-3").

CCK-8 assay

As previously described [25], cell proliferation was evalu-
ated using the CCK-8 assay (Cat#C0039, Beyotime). After
cell counting, cells were seeded into 96-well plates. Using
the cell attachment time point as O h, 10 pL of CCK-8 solu-
tion was added to each well containing 90 pL of serum-free
medium at specified time points, followed by 1 h incubation.
Absorbance was measured at 450 nm using a microplate
reader.

MAPK signaling pathway PCR array

Total RNA was extracted using TRIzol reagent. Following
quality control by UV absorption and agarose gel electro-
phoresis, cDNA was synthesized and subsequently used for
gRT-PCR to evaluate expression of MAPK signaling path-
way genes and identify differentially expressed genes. The
MAPK Signaling Pathway PCR Array was purchased from
Shanghai Woji Gene Technology Co. Ltd.

Colony formation assay

A total of 3000 cells per well were seeded in 12-well plates
and incubated for14 days. The cells were fixed with 4% para-
formaldehyde for 4 h and stained with 1% crystal violet for
5 min. After PBS washing, the cells were counted under a
microscope in five randomly chosen fields, and images were
captured.

Transwell assay

Cells (1 x 1075 per chamber) were seeded in serum-free
medium in the upper chamber, while the lower chamber
contained medium supplemented with 15% FBS. After 48 h
of incubation, cells that migrated to the lower chamber were
fixed with 4% paraformaldehyde for 4 h, stained with 1%
crystal violet for 5 min, and washed with PBS. The stained
cells were then examined and quantified under a microscope.

Cell scratch healing experiment

As previously described [26], cell migration was evaluated
using a wound healing assay. Cells were seeded in 6-well
plates (2 x 1076 cells/well), and horizontal reference lines
were marked on the plate bottom at 0.5-1 cm intervals.
At~80% confluence after 20 h, a straight scratch was gen-
erated using a pipette tip held vertically. The wells were
washed twice with serum-free medium to remove debris,
replenished with fresh serum-free medium, and cultured at
37 °C with 5% CO2. Images of identical fields were captured
at 0 and 24 h.

Flow cytometry detection of apoptosis

Cells were seeded in 6-well plates and cultured overnight.
Both apoptotic cells and detached adherent cells in the
supernatant were collected. Cell pellets were washed with
ice-cold PBS, then resuspended in 100 pL binding buffer.
Subsequently, 5 pL. Annexin V-FITC (Cat#C1062L, Beyo-
time) and 5 pL propidium iodide (PI) were added, followed
by a 15 min incubation at 4 °C in the dark. Finally, cells were
analyzed by flow cytometry.

Flow cytometry analysis of cell cycle distribution

Cells from each group were collected, washed twice with
PBS, and fixed in 70% ethanol overnight at 4 °C. The
fixed cells were then washed twice with PBS, resuspended
in 100 pL RNAse A solution, and incubated at 37 °C for
30 min. Next, 100 pL PI solution was added and mixed thor-
oughly. After an additional 30 min incubation, samples were
analyzed by flow cytometer with 488 nm excitation. The
proliferation index (PI) was calculated as: PI1=(S + G2/M)
/(GO/G1+S+G2/M).

Dual-luciferase reporter experiment

The wild-type (WT) and mutant type (MUT) SOS1 3' UTR
luciferase reporter vectors were constructed and designated
as SOS1-WT and SOS1-MUT, respectively. These luciferase
plasmids synthesized by Beijing Tsingke Biotechnology
Co., Ltd. Cells were seeded in 24-well plates and divided
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into five experimental groups: NC, SOS1-WT + OE-NC,
SOS1-WT+ OE-CEBPB, SOS1-MUT + OE-NC, and SOS1-
MUT + OE-CEBPB, with three replicate wells for each
group. After 48 h of transfection using Lipofectamine™
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2000, dual-luciferase activity was measured with the Dual-
Luciferase® Reporter Assay System (Promega).
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«Fig.1 CEBPB promotes malignant behavior of OC cells. A, B the
overexpression and knockdown efficiency of CEBPB was detected
by qRT-PCR (# represents p<0.05 in the comparison with the
NC group); C the proliferation ability of SKOV3 and A2780 cells
was detected by CCK-8 kit (# represents p<0.05 in the compari-
son with the NC group); D the colony formation ability of cells was
detected by colony formation assay and its statistical graph (scale
bar=50 pm); E cell invasion ability was detected by Transwell assay
and its statistical graph (scale bar=50 pm); F cell migration ability
was detected by scratch healing assay and its statistical graph (scale
bar=50 pm); G, H cell apoptosis rate was detected by flow cytom-
etry and its statistical graph; I, J cell cycle changes were assessed by
flow cytometry and its statistical graph. Plots are representative of
three independent replicate experiments ( n=3 per group per experi-
ment). *, p<0.05; **, p<0.01; *** p<0.001; **** p<0.0001; ns,
not statistically significant

Tumorigenesis experiments in nude mice

A2780 cell suspension was subcutaneously injected into
nude mice at 1 X 1077 cells/mL. Mice were divided into
three groups: a negative control (NC) group, a CEBPB
overexpression group (OE-CEBPB), where A2780 cells with
CEBPB overexpression were injected, and a CEBPB knock-
down group (sh-CEBPB), where A2780 cells with CEBPB
knockdown were injected. Each group consisted of 8 mice.
Tumor dimensions were measured every 3 days from day 0
to 27 post-injection using a vernier caliper: long diameter
(a) and short diameter (b). Tumor volume was calculated
as 0.5x axb% Growth curves were plotted until tumors
reached ~ 1000 mm?>. At 4 weeks, mice were euthanized via
intraperitoneal injection of pentobarbital sodium (100 mg/
kg). Death was confirmed by cessation of breathing, absent
heartbeat, and fixed pupil dilation. Tumors were excised and
weighed on day 28.

Hematoxylin—eosin (HE) staining

After 24 h of fixation, tumor tissues were processed through
paraffin embedding, sectioned, and mounted. Sections were
deparaffinized in xylene, rehydrated through an ethanol
gradient, stained with Harris’ hematoxylin and 0.5% eosin,
dehydrated through another ethanol gradient, and cover-
slipped. Finally, sections were imaged under a microscope.

TUNEL staining

Frozen sections were air-dried at room temperature (RT) for
30 min, washed twice with PBS (5 min per wash), and per-
meabilized in PBS containing 0.3% Triton X-100 for 5 min
at RT. Sections were then incubated with TUNEL assay
solution (#C1091, Beyotime) for 1 h at 37 °C in the dark,
followed by three 5 min PBS washes. Nuclei were counter-
stained with DAPI (1 pg/mL) for 20 min at RT in the dark,
washed thrice with PBS (5 min each), and mounted with

antifade medium. TUNEL-positive cells were quantified
using ImageJ from fluorescence micrographs.

Western blot

Cells or tissues were ground and homogenized using RIPA
lysis buffer to extract total protein. Protein concentrations
were determined by BCA assay. SDS-PAGE gels (10%
or 15%) were prepared based on target protein molecu-
lar weights. After heat-denaturation at 100 °‘C for 10 min,
equal protein amounts were loaded for electrophoresis.
Separated proteins were transferred to PVDF membranes,
blocked with 5% skim milk in TBST for 2 h at RT, and
incubated overnight at 4 °C with primary antibodies:
SOS1 (Cat#ab140621, Abcam), CEBPB (Cat#43095,
CST), p-ERK1/2 (Cat#ab278538, Abcam), and p-actin
(Cat#AF5003, Beyotime). After TBST washes, membranes
were incubated for 2 h at RT with HRP-conjugated goat
anti-rabbit IgG(H+L) (#A0208, Beyotime). Signals were
detected by ECL using a chemiluminescence imager, and
band intensities were quantified with ImageJ.

Tissue immunofluorescence staining

Tumor tissues were fixed in 4% paraformaldehyde, dehy-
drated through a graded sucrose series (20% and 30%),
embedded in OCT compound, and sectioned at 5 pm thick-
ness. Sections were immunostained with: Rabbit anti-
CEBPB monoclonal antibody (Cat#43095, CST) or rabbit
anti-SOS1 monoclonal antibody (Cat#ab140621, Abcam).
After overnight incubation at 4 “C and 1 h rewarming at
RT, sections were PBS-washed and incubated with Alexa
Fluor 350-conjugated goat anti-rabbit [gG(H + L) (#A0408,
Beyotime) in a humidified chamber for 2 h in the dark. Fol-
lowing PBS washes, nuclei were counterstained with DAPI
for 15 min in a light-protected humid chamber, then washed
again. Sections were mounted with antifade medium and
imaged using a confocal microscope. Fluorescence intensity
was quantified using Image].

Immunohistochemistry (IHC)

Tissue specimens were fixed in 4% paraformaldehyde, par-
affin-embedded, and sectioned at 4 um. After xylene depar-
affinization, sections were rehydrated through an ethanol
gradient (100%, 95%, 85%, 75%), treated with 3% H,0, for
10 min to block endogenous peroxidases, and subjected to
heat-mediated antigen retrieval for 2 min. Following three
3-min PBS washes, sections were incubated with peroxidase
blocking reagent for 15 min at RT. Primary antibody incuba-
tion used rabbit anti-Ki67 (#AF1738, Beyotime) overnight
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at 4 °C. After PBS washes, nonspecific binding was blocked
with 50 pL normal serum for 20 min. Sections were then
incubated with HRP-conjugated goat anti-rabbit [gG(H+L)
(#A0208, Beyotime) for 30 min at RT, followed by three
PBS washes. Chromogenic development used DAB substrate
with hematoxylin counterstaining. Sections were dehydrated
through a reverse ethanol series, cleared in xylene, mounted
with resin, and imaged by bright-field microscopy.

Statistical analysis

Image analysis was performed using ImagelJ, while statis-
tical analyses were conducted with GraphPad Prism 8.0.
Data from three independent biological replicates were
presented as mean + SD. Comparisons between two groups
of samples were conducted using an independent samples
t-test, whereas comparisons among multiple groups of sam-
ples were performed using one-way analysis of variance.
A p-value of less than 0.05 was considered statistically
significant.

Results
CEBPB promotes malignant behavior of OC cells

To investigate CEBPB’s role in OC cell malignancy, we
established SKOV3 and A2780 cell lines with CEBPB
overexpression and knockdown. The results are presented
in Fig. 1A and B. Compared to the NC group, the mRNA
levels in the OE-CEBPB group were significantly elevated,
while the mRNA levels in the sh-CEBPB-1#, 2#, 3#, and 4#
groups were markedly reduced. Notably, sh-CEBPB-2# (5'-
CCTGCGGAACTTGTTCAAGCA-3") exhibited the highest
knockdown efficiency, and thus this sequence was utilized
for subsequent experiments. These results confirmed the suc-
cessful construction of CEBPB overexpression and knock-
down models in SKOV3 and A2780 cells. The results from
CCK-8 assays, colony formation assays, Transwell assays,
and scratch assays demonstrated that CEBPB overexpres-
sion significantly enhanced the proliferation, colony forma-
tion ability, invasion, and migration of OC cells, whereas
CEBPB knockdown exerted the opposite effects (Fig. 1C—F).
Furthermore, flow cytometry analyses revealed that CEBPB
overexpression significantly inhibited apoptosis and accel-
erated cell cycle progression in OC cells, while CEBPB
knockdown had contrary effects (Fig. 1G-J). Collectively,
these results demonstrate CEBPB’s pivotal role in driving
OC malignancy.
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Regulatory effect of CEBPB expression changes
on MAPK signaling pathway

To investigate CEBPB’s regulatory effects on the MAPK
pathway, we analyzed MAPK pathway gene expression
profiles using a MAPK signaling PCR array. In SKOV3
cells, the expression levels of genes such as MAPKO9,
RAF1, PAK2, and SOS1 exhibited more pronounced
changes following both overexpression and knockdown of
CEBPB (Fig. 2A). Similarly, in A2780 cells, the expres-
sion of MAPKAPK3, MAPK9, SOS1, PKA2, and other
genes showed significant alterations with CEBPB over-
expression and knockdown (Fig. 2B). The MAPK chip
results revealed that genes displaying consistent expres-
sion trends across both cell lines, specifically MAP4K1,
PAK2, MKNKI1, and SOS1, which were subsequently
validated using Western blotting, as illustrated in Fig. 2C.
In both SKOV3 and A2780 cells, SOS1 expression in the
OE-CEBPB group was significantly elevated compared to
the NC group, whereas SOS1 expression in the sh-CEBPB
group was markedly downregulated. These findings sug-
gest that CEBPB plays a regulatory role in the expression
of SOS1. Therefore, SOS1 was selected for verification in
subsequent experiments.

CEBPB upregulates ERK1/2 activity and promotes
malignant progression of OC cells via SOS1

To investigate the mechanism by which CEBPB regu-
lates MAPK pathway and promotes OC cell malignancy,
we constructed SKOV3 and A2780 cell lines that over-
expressed SOS1. qRT-PCR and Western blot analyses
revealed that, compared to the NC group, both the mRNA
and protein levels of SOS1 were significantly elevated in
the OE-SOS1 group (Fig. 3A, B), confirming the success-
ful establishment of SOS1-overexpressing SKOV3 and
A2780 cells. Functional assays, including CCK-8, colony
formation, Transwell, and scratch assays, demonstrated
that CEBPB knockdown markedly inhibited the prolifera-
tion, colony formation ability, invasion, and migration of
OC cells, while SOS1 overexpression partially reversed
these effects (Fig. 3C-F). Flow cytometry results indi-
cated that CEBPB knockdown significantly enhanced the
apoptosis of OC cells and impeded cell cycle progres-
sion, while SOS1 overexpression partially mitigated these
changes (Fig. 3G-J). To further investigate the interaction
between CEBPB and SOS1, we conducted a dual-lucif-
erase reporter assay to examine the binding of CEBPB to
the promoter sequence of SOS1. The results showed that
CEBPB overexpression significantly increased the lucif-
erase activity of the WT-SOS1 group compared to the NC
group, while it had no effect on the luciferase activity of
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the MUT-SOS1 group (Fig. 3K). Additionally, qRT-PCR
results demonstrated that CEBPB knockdown significantly
decreased SOS1 mRNA expression, whereas SOS1 over-
expression led to an increase in its mRNA levels (Fig. 3L).
Western blot analysis further indicated that CEBPB
knockdown significantly reduced the levels of SOS1 and

mm NC = OE-CEBPB E& sh-CEBPB

%k % kK k ns %k %k k * % %k k k * % * ok kK

Relative expression

and their statistical graphs. Plots are representative of three inde-
pendent replicate experiments ( n=3 per group per experiment). *,
p<0.05; *** p<0.01; *** p<0.001; **** p<0.0001; ns, not sta-
tistically significant

phosphorylated ERK1/2, while SOS1 overexpression par-
tially restored these levels (Fig. 3M). Collectively, these
findings suggest that CEBPB upregulates SOS1, thereby
promoting the malignant progression of OC cells through
the ERK1/2 signaling pathway.
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«Fig.3 CEBPB upregulates ERK1/2 activity to promote the malig-
nant progression of OC cells via SOS1. A The expression of SOS1
mRNA in SKOV3 and A2780 cells was detected by qRT-PCR; B the
expression of SOS1 in SKOV3 and A2780 cells was detected by West-
ern blotting and their statistical graphs; C the proliferation ability of
cells was detected by CCK-8 kit; D the colony forming ability of cells
was detected by clone formation assay and its statistical graph (scale
bar=50 pm); E the invasion ability of cells was detected by transwell
assay and its statistical graph (scale bar=50 pm); F cells Migration
ability was detected by scratch healing assay and its statistical graph
(scale bar=50 pm); G, H cell apoptosis rate was detected by flow
cytometry and its statistical graph; I, J cell cycle changes was detected
by flow cytometry and its statistical graph; K the binding of CEBPB
to the promoter sequence of the target gene SOS1 was detected by
dual-luciferase reporter experiment; L the expression of SOS1 mRNA
was detected by qRT-PCR; M the levels of SOS1 and phosphoryl-
ated ERK1/2 was detected by western blotting and their statistical
graphs. Plots are representative of three independent replicate experi-
ments ( n=3 per group per experiment). *, p<0.05; **, p<0.01;
#k p<0.001; #+** p<0.0001; ns, not statistically significant

CEBPB upregulates ERK1/2 activity via SOS1
promoting malignant progression of OC in vivo

To investigate the mechanism by which CEBPB upregulates
ERK1/2 activity via SOS1 in the malignant progression of
OC, OC cells with either overexpression or knockdown of
CEBPB were transfected into nude mice, establishing a sub-
cutaneous tumor model. Once palpable tumors formed, the
mice were monitored for 4 weeks, during which the volume
and weight of the tumors were measured every three days.
The results were depicted in Figs. 4A and B. Notably, over-
expression of CEBPB significantly increased the volume of
transplanted tumors in nude mice, whereas knockdown of
CEBPB resulted in a significant reduction in tumor volume;
however, neither overexpression nor knockdown of CEBPB
had a significant impact on the body weight of the nude
mice. HE staining revealed that, compared to the NC group,
tumor cells in the OE-CEBPB group were more tightly
packed and exhibited enlarged cells with varying mor-
phologies and pronounced atypia. In contrast, tumor cells
in the sh-CEBPB group displayed localized necrosis, along
with apoptotic changes including nuclear condensation and
vacuolization (Fig. 4C, upper panel). IHC results indicated
that OE-CEBPB enhanced the expression of Ki67, while sh-
CEBPB suppressed Ki67 expression (Fig. 4C, lower panel,
Fig. 4D). Tissue immunofluorescence analysis demonstrated
that OE-CEBPB significantly elevated the expression lev-
els of CEBPB and SOS1, whereas sh-CEBPB markedly
downregulated these proteins (Fig. 4E—H). TUNEL stain-
ing results indicated that OE-CEBPB inhibited apoptosis,
while sh-CEBPB promoted apoptotic processes (Fig. 41-J).
Western blot analysis further confirmed that OE-CEBPB
significantly increased the levels of CEBPB, SOS1, and
p-ERK1/2, whereas sh-CEBPB led to a significant decrease
in these protein levels (Fig. 4K-L).

Discussion

PARPi are pivotal for maintenance therapy, effectively
eliminating residual tumor cells post-surgery and microme-
tastases undetectable during resection [27]. Their favorable
safety profile and efficacy in preventing long-term recur-
rence have established PARPi as a guideline-recommended
first-line maintenance therapy for platinum-sensitive recur-
rent OC [28-31]. However, acquired resistance to PARPi has
emerged as a critical clinical challenge [32]. In OC, CEBPB
has garnered significant attention for its role in mediating
resistance to PARPi. In this study, we demonstrate for the
first time that CEBPB enhances the malignant behavior of
OC cells by upregulating SOS1. Furthermore, the activa-
tion of SOS1 contributes to the aggressive behavior of OC
through the ERK1/2 signaling pathway. The mechanism by
which CEBPB facilitates the malignant progression of OC
cells by upregulating ERK1/2 activity via SOS1 was further
validated in vivo.

In this study, we demonstrated that the overexpression of
CEBPB enhanced the malignant behavior of OC, while its
knockdown inhibited this malignancy. Additionally, dual-
luciferase reporter assays confirmed that CEBPB binds to
the promoter sequence of its target gene, SOS1. Importantly,
knocking down CEBPB while overexpressing SOS1 par-
tially reversed the inhibitory effects of CEBPB knockdown
on the malignant behavior of OC. Previous research has
shown that oncogenic RAS effectively stimulates CEBPB
to activate the CEBP-responsive promoter reporter gene in
keratinocytes, and mutating the ERK1/2 phosphorylation
site (T188) in CEBPB abolishes this RAS effect [33]. It has
been shown that CEBPB plays a key role in RAS-mediated
tumorigenesis and cell survival, and evidence suggests that
CEBPB is a target of tumor suppression [21]. Furthermore,
selective inhibition of SOS1 significantly downregulated the
levels of active RAS in tumor cells [34, 35]. In mutant tumor
cell lines harboring KRAS alleles, chemical inhibition of
SOST1 resulted in a 50% reduction in p-ERK activity [34].
Collectively, these studies suggest that CEBPB and SOS1
are critical proteins within the RAS signaling pathway [36].
Most importantly, this study is the first to reveal that CEBPB
promotes the progression of OC through its interaction with
SOS1.

The MAPK signal transduction cascade is a highly con-
served central regulator of cell proliferation, cell cycle pro-
gression, and survival. It can be activated by a variety of
extracellular signals, including growth factors and cytokines
[37]. Currently, there are four MAPK cascades in eukary-
otic cells: the ERK cascade, the p38 MAPK cascade, the
JNK cascade, and the ERKS5 cascade. The p38 MAPK
and JNK cascades are primarily involved in the transduc-
tion of stress-related stimuli, whereas the ERK cascade is
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«Fig.4 CEBPB upregulates ERK1/2 activity and affects the malignant
progression of OC through SOS1 in vivo. A Tumor volume of trans-
planted tumors in nude mice; B body weight of nude mice; C patho-
logical changes of nude mice were observed by HE staining, and
Ki67 expression was detected by IHC staining (scale bar=10 pm);
D statistical diagram of IHC results; E, F The expression of CEBPB
was detected by immunofluorescence and its statistical diagram (scale
bar=10 pm); G, H The expression of SOS1 was detected by immu-
nofluorescence and its statistical graph (scale bar=10 pm); I, J The
apoptosis of tumor tissue was detected by TUNEL staining and its
statistics graph (scale bar=10 pm); K, L the levels of CEBPB, SOS1,
and phosphorylated ERK1/2 were detected by western blotting and
their statistical graphs. Plots are representative of three independent
replicate experiments ( n=3 per group per experiment). *, p<0.05;
** p<0.01; ¥*¥*, p<0.001; **** p<0.0001; ns, not statistically sig-
nificant

predominantly associated with the transmission of mitotic
signals, cell proliferation, migration, and differentiation
[38, 39]. Among these, the ERK cascade, specifically the
RAS-RAF-MEK-ERK signaling cascade, is the most exten-
sively studied MAPK pathway and is abnormally activated
in over one-third of human cancers[40, 41]. When RAS is
activated by growth factors, it recruits RAF kinase to the
plasma membrane for activation. Activated RAF kinase
subsequently phosphorylates downstream MEK, which in
turn bisphosphorylates ERK. ERK can then translocate to
the nucleus, activating a variety of transcription factors and
other nuclear substrates, as well as their cytoplasmic targets
[42]. In mutant tumor cell lines harboring KRAS alleles,
chemical inhibition of SOS1 resulted in a 50% reduction in
p-ERK activity [34]. Our research results are largely consist-
ent with previous findings and suggest that SOS1 promotes
OC progression through ERK1/2. Notably, SOS1 inhibitors
(BI-3406, NCT04924660) are being tested in Phase I trials
for solid tumors, including OC [43]. This development pro-
vides a strong rationale for exploring combination therapies
involving either CEBPB or ERK inhibitors as a promising
therapeutic strategy for patients with PARPi-resistant OC.
While our study has elucidated a key mechanistic path-
way through which CEBPB upregulates ERK1/2 activity
via SOS1 to drive OC progression, we acknowledge cer-
tain limitations: The translational relevance of our findings
would benefit from validation in patient-derived xenografts
(PDXs) or primary tumor specimens, as these models more
faithfully recapitulate human tumor biology [44—46].

Conclusion

In summary, our study demonstrates that CEBPB upregu-
lates ERK1/2 activity and promotes the malignant progres-
sion of OC cells through SOS1. These findings provide a
novel therapeutic target and a foundational theoretical basis
for treating OC and overcoming associated drug resistance.
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