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Abstract: High-grade serous ovarian cancer (HGSOC) is frequently diagnosed at advanced stages with refractory
peritoneal metastases, resulting in a dismal prognosis. Caspase activity and apoptosis inhibitor 1 (CAAP1), an apop-
tosis regulator with debated functions, has an unexplored role in HGSOC progression. Herein, the prognostic value
of CAAP1 was evaluated using The Cancer Genome Atlas (TCGA) database and clinical tissue samples. The effects
of CAAP1 on HGSOC cell proliferation, migration, and apoptosis resistance were examined via cell counting kit-8
(CCK-8) and 5-Ethynyl-2’-deoxyuridine (EdU) incorporation, wound healing, Transwell, and terminal deoxynucleoti-
dyl transferase dUTP nick end labeling (TUNEL) assays. A subcutaneous xenograft model was employed to verify
the tumor-suppressive role of CAAP1 in vivo. Furthermore, liquid chromatography-tandem mass spectrometry (LC-
MS/MS) and co-immunoprecipitation (Co-IP) were performed to identify and validate CAAP1-interacting proteins,
with Western blotting utilized to assess downstream signaling alterations. Our results demonstrated that CAAP1
downregulation was significantly correlated with poor prognosis in HGSOC patients. Functionally, CAAP1 knockdown
promoted HGSOC cell proliferation, migration, and apoptosis resistance, whereas CAAP1 overexpression exerted op-
posite inhibitory effects. In vivo experiments corroborated that CAAP1 overexpression effectively suppressed tumor
growth. Mechanistically, CAAP1 was found to interact with eukaryotic translation initiation factor 3 subunit | (EIF3I)
to modulate the expression of cancer-related proteins. Collectively, this study establishes that CAAP1 functions as a
tumor suppressor in HGSOC by binding to EIF3I, thereby restraining tumor growth and metastasis.
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Introduction the time of initial diagnosis. Although most

patients achieve initial remission through cy-

Ovarian cancer (OC) is a common malignant
tumor of the female reproductive system,
with HGSOC being the most aggressive sub-
type [1]. HGSOC accouns for approximately
80% of OC-related deaths and demonstrats
an extremely poor clinical prognosis [2]. The
five-year survival rate in advanced-stage pa-
tients is typically less than 30%, with the pri-
mary cause of treatment failure being exten-
sive peritoneal metastasis [3]. According to
statistics, approximately 70% of patients al-
ready have intra-abdominal dissemination at

toreductive surgery combined with platinum-
based chemotherapy, over 70% will even-
tually experience recurrence with intraperito-
neal seeding [4].

Currently, the specific molecular mechanisms
of HGSOC peritoneal dissemination remain
unclear. The key regulators and signaling pa-
thways controlling the metastatic cascade
of HGSOC, including tumor cell detachment,
spheroid formation, anoikis resistance, and
peritoneal colonization, are still undefined [5-7].
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This gap in knowledge confines current thera-
pies, primarily cytoreductive surgery and plati-
num-based chemotherapy, to targeting exist-
ing tumors, without effective approach to dis-
rupt metastasis and prevent recurrence. There-
fore, deciphering the molecular mechanisms
underlying HGSOC metastasis and coloniza-
tion is essential for advancing therapeutic pro-
gress, overcoming existing bottlenecks, and
improving clinical outcomes.

CAAP1 was initially identified as an apoptosis
regulator, yet a consensus on its precise bio-
logical function remains elusive. Early studies
demonstrated that CAAP1 knockdown en-
hanced caspase activation in specific cancer
cell lines, suggesting an anti-apoptotic role [8,
9]. However, subsequent research revealed
that CAAP1 depletion impaired DNA damage-
induced apoptosis, indicating that its func-
tion may be context-dependent and potentially
even pro-apoptotic [10, 11]. This controversy
highlights the complex relationship between
CAAP1 and apoptosis, suggesting its role likely
varies depending on cell type and microenvi-
ronment. Notably, the role of CAAP1 in tumor
progression also exhibits significant cancer-
type specificity. For instance, in colorectal can-
cer and hepatoma, CAAP1 has been shown to
promote cell proliferation, migration, and che-
motherapy resistance, functioning as a poten-
tial oncogene [9, 12]. Conversely, other study
have suggested that CAAP1 may increase che-
mosensitivity in OC cells [13]. However, whe-
ther CAAP1 influences HGSOC progression
remains unexplored.

Based on bioinformatics analysis of TCGA
database, this study identified CAAP1 as
an independent protective factor in HGSOC.
Subsequently, the clinical significance and
value of CAAP1 were evaluated by clinical tis-
sue samples. Finally, through in vitro and in
vivo functional experiments, it was confirmed
that CAAP1 effectively inhibits the prolifera-
tion, metastasis, and anti-apoptotic capacity
of HGSOC cells. This study reveals the tumor-
suppressive function of CAAP1 in HGSOC, pro-
viding an important theoretical basis for un-
derstanding the molecular mechanisms of
HGSOC progression and for exploring poten-
tial therapeutic strategies.
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Materials and methods
Data acquisition and bioinformatics analysis

RNA sequencing data of 204 serous ovarian
carcinoma (SOC) samples were obtained from
TCGA database (https://portal.gdc.cancer.gov).
Genome-wide univariate Cox regression analy-
sis was performed to identify genes significant-
ly associated with prognosis. Survival analysis
was conducted using the median expression
level of each gene as the cut-off value. All sta-
tistical computations were carried out in R soft-
ware (version 4.0.3).

Clinical samples

A cohort of 71 paired HGSOC and adjacent
normal ovarian tissue (located at least 5 cm
from the carcinoma focus) samples were col-
lected from patients who underwent primary
cytoreductive surgery at the First People’s
Hospital of Lianyungang. All cases were patho-
logically confirmed as HGSOC and had com-
plete clinicopathological and follow-up data.
Freshly resected tissue specimens were either
snap-frozen in liquid nitrogen or processed as
formalin-fixed paraffin-embedded blocks. The
study was conducted in accordance with the
Declaration of Helsinki, approved by the In-
stitutional Review Board of the First People’s
Hospital of Lianyungang (NO. KY-2025060-
4002-1, June 6, 2025) and written informed
consent was obtained from all participants
prior to inclusion.

Cell lines and culture conditions

The HGSOC cell lines OV-90 and OVCARS3, the
low-grade serous ovarian cancer (LGSOC) cell
line HO-8910, the ovarian adenocarcinoma
cell line SKOV3 (of controversial origin), and
the normal ovarian epithelial cell line 10SE-
80 were purchased from the American Type
Culture Collection (ATCC). OV-90 and OVCAR3
cells were maintained in RPMI-1640 medium
supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin. IOSE-80
cells were cultured in DMEM with 10% FBS.
SKOV3 cells were cultured in McCoy's 5A
medium supplemented with 10% FBS and 1%
penicillin/streptomycin. All cultures were main-
tained at 37°C in a 5% CO, atmosphere. All
cell lines were authenticated by short tandem
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repeat profiling and tested negative for myco-
plasma contamination.

Antibodies

Primary antibodies against CAAP1 (Thermo
Fisher Scientific, PA5-54956, 1:6000), EIF3I
(Proteintech, 85603-2-RR, 1:10000), Cyclin
D1 (Proteintech, 60186-1-lg, 1:40000), c-Myc
(Proteintech, 10828-1-AP, 1:12000), E-cadher-
in (Proteintech, 20874-1-AP; 1:5000), N-cad-
herin (Proteintech, 22018-1-AP; 1:3000), vi-
mentin (Proteintech, 10366-1-AP, 1:4000),
GAPDH (Proteintech, 60004-1-Ig, 1:10000),
Actin (Proteintech, 66009-1-Ig, 1:10000) and,
B-Tubulin (Proteintech, 10094-1-AP, 1:6000)
and 6*His, His-Tag (Proteintech, 84814-1-RR,
1:3000) were used for Western blot and im-
munoprecipitation. HRP-conjugated goat anti-
rabbit 1gG (H+L) secondary antibody (Pro-
teintech, RGAR0O1, 1:50000) and HRP-con-
jugated goat anti-mouse IgG (H+L) secondary
antibody (Proteintech, RGAMOO1, 1:20000)
were used for Western blot.

Plasmid construction and lentiviral transfec-
tion

For CAAP1 overexpression, the full-length
CAAP1 coding sequence was PCR-amplified
and cloned into the CMV promoter region
of the pSLenti-U6-shRNA(NC2)-CMV-F2A-Puro-
WPRE lentiviral vector (Heyuan Liji (Shanghai)
Biotechnology Co., Ltd.) (where the U6 promot-
er drives a non-targeting control shRNA, NC2).
For CAAP1 knockdown, specific short hairpin
RNA (shRNA) sequences targeting CAAP1 were
designed, annealed, and inserted into the
U6 promoter-driven site of the same vector,
replacing the non-targeting sequence. Len-
tiviral particles were produced by co-transfect-
ing HEK293T cells with the expression or
knockdown plasmid together with packaging
plasmids (psPAX2 and pMD2.G) using Lipo-
fectamine 3000 (Thermo Fisher Scientific,
L3000008). Viral supernatants were collected
48 h post-transfection and used to infect OV-
90 and OVCARS3 cells. Stable cell lines were
selected with puromycin (1 pg/mL) for one
week.

CCK-8 and the EdU assays

Cell proliferation was assessed using the
CCK-8 assay and the EdU assay. For CCK-8,
cells were seeded in 96-well plates at a density
of 2 x 103 cells/well. At indicated time points,
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10 pL of CCK-8 reagent (Beyotime, CO046)
was added to each well, incubated for 2 h at
37°C, and absorbance was measured at 450
nm. For EdU assay, cells were cultured in
96-well plates and treated with EdU (Beyotime,
C0O072L) for 2 h, followed by fixation and stain-
ing according to the manufacturer’s protocol.
Images were captured using a fluorescence
microscope, and the percentage of EdU-
positive cells was quantified.

Wound-healing and Transwell migration assays

Cell migratory capacity was evaluated by
wound-healing assay and Transwell migration
assay. For wound healing, cells were seeded
in 6-well plates and grown to confluence. A lin-
ear scratch was made using a sterile 200 pL
pipette tip, and detached cells were removed
by PBS washes. Cells were then cultured in
medium containing 2% FBS, and wound clo-
sure was observed and photographed at O and
36 h. The migration distance was measured
using Imagel) software. For Transwell assay,
5 x 10* cells suspended in serum-free me-
dium were seeded into the upper chamber of
Transwell inserts (8 ym pore size). Medium
containing 10% FBS was added to the lower
chamber. After 24 h incubation, non-migrated
cells on the upper membrane surface were
removed with a cotton swab, and migrated
cells were fixed with 4% paraformaldehyde,
stained with 0.1% crystal violet, and counted
under a microscope in five random fields.

TUNEL assay

Apoptosis was detected by TUNEL. OV-90 and
OVCAR3 cells were seeded on sterile cover-
slips placed in 24-well plates at a density of 5 x
10* cells per well and cultured overnight for
attachment. Cells were then exposed to stress
conditions induced by treatment with 10 yM
cisplatin for 24 h to trigger apoptosis. Follow-
ing treatment, cells were fixed with 4% para-
formaldehyde for 20 min at room temperature
and permeabilized with 0.1% Triton X-100 in
PBS for 5 min. TUNEL staining was performed
using the One Step TUNEL Apoptosis Assay Kit
(Beyotime, C1098) according to the manufac-
turer’s instructions. Nuclei were counterstained
with DAPI. Coverslips were mounted onto glass
slides and imaged under a fluorescence micro-
scope. The percentage of TUNEL-positive cells
was quantified in at least five randomly select-
ed fields per sample using ImageJ software.
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In vivo tumorigenesis assay

Four-week-old female BALB/c nude mice were
obtained and maintained under specific patho-
gen-free conditions (Animal Facility of Shang-
hai Institute of Cell Biology, Chinese Academy
of Sciences, Shanghai, China). OV-90 cells (5 x
10°) stably overexpressing CAAP1, knockdown
CAAP1, or control vector were resuspended in
100 pL PBS and subcutaneously injected into
the dorsolateral flank of each mouse. Tumor
dimensions were measured every two days
with vernier caliper, and tumor volume was cal-
culated using the formula: volume = 0.52 x
length x width2. On day 21 post-inoculation,
mice were humanely euthanized by gradual car-
bon dioxide (CO,) inhalation in a sealed cham-
ber. The CO, displacement rate was adjusted
to 20% to 30% of the chamber volume per
minute to ensure rapid, stress-free loss of
consciousness. After the cessation of sponta-
neous respiration was visually confirmed, the
mice were maintained in the CO,-enriched
atmosphere for an additional 3-5 minutes to
guarantee complete and irreversible death.
Euthanasia was definitively confirmed by the
absence of a palpable heartbeat and respira-
tory movements prior to necropsy. Subsequ-
ently, tumors were excised, weighed, and pro-
cessed for Ki67 immunofluorescence staining.
All animal procedures were approved by the
Institutional Animal Care and Use Committee
of the First People’s Hospital of JiangsuAn-
ipheBiolaboratorylnc (LYDY-A-20250901191,
September 1, 2025).

LC-MS/MS

Whole-cell lysates from OV-90 cells were sub-
jected to immunoprecipitation with an anti-
CAAP1 antibody or control IgG. The immunopre-
cipitated complexes were resolved by SDS-
PAGE, and protein bands were excised and
digested with trypsin. The resulting peptides
were analyzed by LC-MS/MS. Candidate inter-
acting proteins were identified by searching
the spectra against the human UniProt data-
base.

Co-IP and Western blot

For endogenous Co-IP, whole-cell lysates from
OV-90 and OVCARS3 cells were prepared using
IP lysis buffer supplemented with protease
inhibitors. Lysates were incubated with anti-
CAAP1 antibody or normal rabbit IgG overnight
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at 4°C, followed by incubation with protein
A/G magnetic beads for an additional 2 h. The
immunocomplexes were washed extensively,
eluted with SDS sample buffer, and subjected
to immunoblotting with anti-EIF3I antibody to
detect the endogenous interaction. For exo-
genous Co-IP, 293T cells were co-transfect-
ed with FLAG-tagged EIF3l and His-tagged
CAAP1 expression plasmids using Lipofecta-
mine 3000. At 48 h post-transfection, cells
were harvested and lysed. Cell lysates were
incubated with anti-FLAG affinity gel or control
IgG overnight at 4°C. After washing, bound pro-
teins were eluted and analyzed by Western blot
using anti-His antibody to confirm the recipro-
cal interaction between CAAP1 and EIF3I.

For Western blot, equal amounts of protein
were separated by SDS-PAGE, transferred to
PVDF membranes, blocked with 5% non-fat
milk, and incubated with primary antibodies
overnight at 4°C, followed by HRP-conjugated
secondary antibodies. Protein bands were visu-
alized using an enhanced chemiluminescence
system.

Statistical analysis

All experiments were performed independently
at least three times, and data are presented as
the mean + standard deviation (SD). Statistical
analyses were carried out using GraphPad
Prism 8.0. Comparisons between two groups
were conducted using unpaired two-tailed Stu-
dent’s t-test, and comparisons among multiple
groups were analyzed by one-way ANOVA fol-
lowed by Tukey’s post hoc test for pairwise mul-
tiple comparisons. For comparisons involving
multiple groups over time, repeated-measures
two-way ANOVA was applied. When the interac-
tion effect was significant, Bonferroni’'s post
hoc test was performed for multiple compari-
sons at each time point. Survival curves were
generated using the Kaplan-Meier method and
compared by log-rank test. A P-value < 0.05
was considered statistically significant (*P <
0.05, **P < 0.01, ***P < 0.001, ****pP <
0.0001).

Results

CAAP1 downregulation predicts poor prognosis
in HGSOC

We obtained RNA sequencing data of 204
serous ovarian carcinoma (SOC) samples from
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Figure 1. CAAP1 downregulation predicts poor prognosis in HGSOC. (A) List of the top 18 genes most significantly as-
sociated with overall survival in SOC identified by genome-wide univariate Cox regression analysis of TCGA RNAseq
data. (B) Kaplan-Meier curves for overall survival in the SOC cohort stratified by median expression level of CAAP1.
(C) Representative immunohistochemical staining of CAAP1 in paired HGSOC tumor tissues and adjacent normal
ovarian tissues on tissue microarray. (D, E) Kaplan-Meier analysis of PFS (D) and OS (E) in the HGSOC patient cohort
stratified by IHC score of CAAP1. Statistical significance was determined by the log-rank test. Scale bars, 1 mm and

100 pym.

the TCGA database (https://portal.gdc.cancer.
gov). Through genome-wide univariate Cox
regression analysis, we identified 18 genes
that were most significantly associated with
prognosis (Figure 1A). Using the median ex-
pression level of each gene as the cut-off for
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grouping, survival analysis revealed that CAAP1
expression was positively correlated with SOC
prognosis (Figure 1B). Considering that RNA
levels may not entirely reflect protein expres-
sion, we subsequently performed immunohis-
tochemistry (IHC) for CAAP1 on a tissue micro-
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array containing paired samples from 71 cases
of HGSOC and adjacent normal tissue. Results
showed that CAAP1 expression was lower in
tumor tissues compared to adjacent normal
tissues (Figure 1C). Clinicopathological corre-
lation analysis further demonstrated that the
expression level of CAAP1 was significantly
positively correlated with both progression-free
survival (PFS) rate and overall survival (OS) rate
in HGSOC patients (Figure 1D, 1E).

CAAP1 downregulation promotes cell prolifera-
tion in HGSOC

We performed Western blot analysis on 18
pairs of HGSOC clinical samples, and the
results demonstrated that the expression level
of CAAP1 in tumor tissues was significantly
lower than that in corresponding adjacent nor-
mal tissues (Figure 2A). Consistent with this, at
the cellular level, compared with the normal
ovarian epithelial cell line IOSE-80, CAAP1 was
downregulated to varying degrees in multiple
HGSOC cell lines (OVAR79, OVPA8, 0OV-90,
OVCAR3), the low-grade serous ovarian cancer
(LGSOC) cell line HO-8910, and the cell line
SKOV3 of controversial origin (Figure 2B).
Given that HGSOC is the most common and
aggressive subtype of OC, we further investi-
gated the effect of CAAP1 on HGSOC cells pro-
liferation. Thus, we established stable CAAP1-
overexpressing and stable CAAP1-knockdown
cell models via lentiviral transfection in OV-90
and OVCARS3 cell lines, and validated by We-
stern blot (Figure 2C, 2D). Functional assays
demonstrated that CAAP1 knockdown promot-
ed OV-90 and OVCARS3 cells proliferation, whe-
reas overexpressing CAAP1 inhibited their pro-
liferative activity. This conclusion was verified
by both CCK-8 assays (Figure 2E, 2F) and EdU
assays (Figure 2G).

CAAP1 downregulation enhances cell migra-
tion and apoptosis resistance in HGSOC

To elucidate the direct role of CAAP1 in metas-
tasis, we examined the capacity of cellular
migratory in HGSOC cells with CAAP1 overex-
press or knockdown. Wound-healing assays
and Transwell migration assays were per-
formed to quantitatively assess cell migration.
The results consistently showed that CAAP1
knockdown significantly enhanced the migrato-
ry capacity of both OV-90 and OVCAR3 cells, as
evidenced by accelerated wound closure and
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increased numbers of migrated cells (Figure
3A, 3B). Conversely, CAAP1 overexpression
exerted an inhibitory effect on cell migration.
In addition to migration, we investigated the
effect of CAAP1 on apoptosis resistance.
TUNEL assay revealed that CAAP1-knockdown
HGSOC cells exhibited a markedly reduced rate
of apoptosis under stress conditions, indicat-
ing a substantial enhancement in their ability
to resist programmed cell death (Figure 3C).
Collectively, these data demonstrate that
CAAP1 downregulation effectively promotes
two critical malignant phenotypes in HGSOC,
the enhanced migratory potential and increas-
ed resistance to apoptosis.

CAAP1 overexpression inhibites HGSOC growth
in vivo

To further explore the biological functions of
CAAP1 in vivo, we subcutaneously implanted
0OV-90 cells with stable CAAP1 knockdown or
overexpression, along with control cells, into
the dorsolateral region of the flank of BALB/c
nude mice. Beginning on day 7 post-inocula-
tion, the longest and shortest diameters of
the tumors were measured every two days
using a caliper, and the tumor volume was cal-
culated accordingly. On day 21 after inocula-
tion, all mice were euthanized, the subcutane-
ous xenograft tumors were completely excised
and weighed. The results demonstrated that
compared with the control group, tumor growth
was significantly accelerated in CAAP1 knock-
down group, while tumor growth was markedly
suppressed in CAAP1 overexpression group
(Figure 4A). Ki67 immunofluorescence an-
alysis of xenograft tumors revealed that the
proportion of Ki67-positive cells was signifi-
cantly higher in CAAP1 knockdown group. In
contrast, the Ki67-positive rates remained re-
latively low in both the control group and the
CAAP1 overexpression group (Figure 4B). Co-
llectively, these in vivo experimental data con-
firm that CAAP1 deficiency exerts a clear pro-
tumorigenic effect at the animal level, which is
consistent with the findings from the aforemen-
tioned cellular-level studies.

EIF3l is identified as the CAAP1-interacting
protein

As described above, the loss of CAAP1 expres-

sion plays a crucial role in the HGSOC progres-
sion. To further explore the molecular mecha-
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Figure 2. CAAP1 downregulation promotes cell proliferation in HGSOC. (A) Western blot analysis of CAAP1 protein ex-
pression in 18 pairs of HGSOC tumor tissues (T) and adjacent normal ovarian tissues (N). (B) Basal levels of CAAP1
protein in normal ovarian epithelial cell line IOSE80, LGSOC cell line HO8910, ovarian adenocarcinoma cell line
SKOV3, and HGSOC cell lines OV90 and OVCARS3. (C, D) Validation of CAAP1 overexpression and knockdown efficien-
¢y in OV9O0 (C) and OVCAR3 (D) cells by Western blot. (E, F) Assessment of proliferation following CAAP1 overexpres-
sion or knockdown in OV90 (E) and OVCARS3 (F) cells using the CCK-8 assay. Absorbance at 450 nm was measured
daily for four consecutive days. (G) Representative fluorescence images and quantification of EdU incorporation
assay in OV90 and OVCARS3 cells. EdU-positive cells (green) represent proliferating cells; nuclei were counterstained
with DAPI (blue). Experiments were repeated three times with different cell batches on separate days. Quantification
data are presented as mean + SD from three independent biological replicates (n = 3). For CCK-8 time-course data,
statistical analysis was performed using repeated-measures two-way ANOVA followed by Bonferroni’s post hoc test
for comparisons at individual time points. For EdU quantification, one-way ANOVA followed by Tukey’s post hoc test
for pairwise multiple comparisons was used. ****P < 0.0001. Scale bar, 100 ym.

3142 Am J Cancer Res 2026;16(7):3136-3149



CAAP1 suppresses HGSOC via EIF3I

A OV-90

OVCAR3

OE-CAAPI

sh-CAAPI1-1

36h

sh-CAAPI1-2

B
Lo
OV-90
OVCAR3
Cc
VeCtOr- - -
OECAAPI- - -
ShCAAPll- - -
ShCAAPlZ- - !

3143

Vector

sh-CAAPI-1 sh-CAAP1-2

OE-CAAPI
e B n AT

OV-90
sk Kkk
300 300
*3k 3k
—RE L
3 200 3 200
£ * = %
£ 100 Z 100
= =
0 0
$ NN D $ NN D
\é’\e v.’vg ,‘}\ R m“e\;} ,S\ Yy
S S
O s & Oy
OVCAR3
DAPI
£
o)
[
Vector .g
‘=
)
=
OE-CAAP1
250
sh-CAAPI-1 ., 200
8 150
o
>
= 100
172}
£

50

sh-CAAPI-2

Am J Cancer Res 2026;16(7):3136-3149



CAAP1 suppresses HGSOC via EIF3I

Figure 3. CAAP1 downregulation enhances cell migration and apoptosis resistance in HGSOC. A. Representative
images and quantification of wound-healing assay in OV-90 and OVCARS3 cells with CAAP1 overexpression or knock-
down. Wound closure was monitored at O and 36 h. B. Representative images and quantification of Transwell migra-
tion assay. C. TUNEL assay assessing apoptosis in OV-90 and OVCAR3 cells treated with 10 uM cisplatin for 24 h.
TUNEL-positive nuclei (red) indicate apoptotic cells; nuclei were counterstained with DAPI (blue). Experiments were
repeated three times with different cell batches on separate days. Quantification data are presented as mean + SD
from three independent biological replicates (n = 3). Statistical analysis was performed by one-way ANOVA followed
by Tukey’s post hoc test. *P < 0.05, *P < 0.01, ***P < 0.001. Scale bar, 100 pm.
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Figure 4. CAAP1 overexpression inhibites HGSOC growth in vivo. A. Representative images of subcutaneous xeno-
graft tumors and quantitative data on tumor weight and volume. Tumors were harvested from BALB/c nude mice
21 days after inoculation with wild-type or CAAP1 stably over-expressing/knockdown OV9O cells. B. Representative
immunofluorescence staining of Ki67 (green) in xenograft tumor sections; nuclei were counterstained with DAPI
(blue). Experiments were repeated three times with different cell batches on separate days. Quantification data are
presented as mean + SD from three independent biological replicates (n = 3). For tumor volume, statistical analysis
was performed using repeated-measures two-way ANOVA followed by Bonferroni’s post hoc test for comparisons at
individual time points; for tumor weights and Ki67-positive rates, one-way ANOVA followed by Tukey’s post hoc test
was used. ***P < 0.001, ****P < 0.0001. Scale bar, 200 pm.

nism, we first performed LC-MS/MS analysis identified EIF3I as a target specifically interact-
to identify potential proteins that may interact ing with CAAP1 (Figure 5B). Subsequently, we
with CAAP1 (Figure 5A). LC-MS/MS analysis conducted immunoprecipitation in OV-90 and
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Figure 5. EIF3l is identified as the CAAP1-interacting protein. A. Coomassie Blue-stained SDS-PAGE gel of immunoprecipitates from OV-90 whole-cell lysates using
anti-CAAP1 antibody or control IgG. A specific band corresponding to the expected molecular weight of EIF3| was excised and subjected to LC-MS/MS analysis. B.
Representative tandem mass spectrometry (MS/MS) spectrum of a tryptic peptide derived from EIF3I (sequence coverage shown). C, D. Endogenous Co-IP assay in
0OV-90 and OVCARS cells. E. FLAG-tagged EIF3I and His-tagged CAAP1 expression plasmids were co-transfected into HEK293T cells for exogenous reciprocal Co-IP
validation.
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OVCARS3 cells. When CAAP1 was immunopre-
cipitated using protein A/G magnetic beads
and analyzed by immunoblotting with the spe-
cified antibodies, the EIF3l protein was de-
tected in both OV-90 and OVCARS3 cell lines
(Figure 5C, 5D). Furthermore, FLAG-tagged
EIF3I and His-tagged CAAP1 were co-trans-
fected into 293T cells, and the interaction
between exogenous CAAP1 and EIF3l was
assessed by immunoprecipitation. The results
showed that FLAG was detected upon His pull-
down, indicating an interaction between CAAP1
and EIF3I (Figure 5E).

CAAP1-EIF3I interaction regulates prolifera-
tion- and migration proteins

Previous studies have shown that in papillary
thyroid carcinoma, circEIF3I interacts with the
RNA-binding protein AUF1, reducing Cyclin D1
mMRNA degradation and promoting tumor pro-
gression [14]. In colorectal cancer, EIF3I facili-
tates migration/invasion by regulating the epi-
thelial-mesenchymal transition (EMT) process
[15]. Furthermore, overexpression of the single
subunit of the eukaryotic translation initiation
factor EIF3 in mammalian cells can confer on-
cogenic properties, including enhanced prolif-
erative and growth capacity as well as increas-
ed global protein synthesis rates [16]. To inves-
tigate the biological effects resulting from the
interaction between CAAP1 and EIF3l, we
either overexpressed or knocked down CAAP1
in OV-90 and OVCAR3 cells and examined
changes in the expression of Cyclin D1, c-Myc,
and EMT-related markers. Results showed that
CAAP1 knockdown upregulates the expression
of Cyclin D1, c-Myc, and the mesenchymal
markers N-cadherin and vimentin, while down-
regulating the expression of the epithelial
marker E-cadherin (Figure 6A, 6B). These fin-
dings demonstrate that in HGSOC, CAAP1 in-
teracted with EIF3I to regulate the expression
of key oncogenic proteins, including Cyclin D1,
c-Myc, and EMT-related molecules, thereby
exerts tumor-suppressive role.

To further validate that EIF3I serves as a key
downstream effector of CAAP1, we knocked
down EIF3I in OV-90 and OVCAR3 cells (Figure
6C, 6D) and detected the expression of down-
stream proteins (Cyclin D1, c-Myc, E-cadherin,
N-cadherin, and Vimentin) by Western blotting.
The results showed that, compared with CAAP1
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knockdown alone, simultaneous knockdown
of both CAAP1 and EIF3I led to completely
opposite expression trends of these proteins
(Figure 6E, 6F), indicating that EIF3I depletion
effectively abrogated the downstream signal-
ing alterations induced by CAAP1 downregula-
tion. These findings suggest that EIF3I is es-
sential for CAAP1 to exert its functional role.

Discussion

HGSOC is the gynecological malignancy with
the highest mortality rate. Most patients pres-
ent with extensive peritoneal metastasis at
initial diagnosis, and the disease is prone to
recurrence and drug resistance following treat-
ment. Although surgery combined with chemo-
therapy is the standard treatment, the mole-
cular mechanisms driving metastasis remain
understood, hindering the development of ef-
fective therapies. Therefore, elucidating the
regulatory mechanisms of HGSOC metastasis
and colonization at secondary sites, particular-
ly identifying key regulatory factors, is crucial
for improving patient outcomes. This study sys-
tematically reveals the tumor-suppressive fun-
ction of CAAP1 in HGSOC. Notably, CAAP1 has
been widely reported as an oncogenic factor in
cancers such as colorectal cancer and hepato-
ma, where it drives tumor progression by inhib-
iting apoptosis and promoting proliferation and
migration. This contradiction suggests that the
function of CAAP1 exhibits significant ‘context-
dependency’, with its biological effects may
dependent on tissue origin, molecular back-
ground, and tumor microenvironment. Our find-
ings not only expand the understanding of
CAAP1 functional diversity but also emphasize
the importance of conducting independent
mechanistic investigations in specific cancer
types, avoiding the oversimplified extrapolation
of conclusions drawn from other malignancies.

Mechanistically, we identified EIF3l as a key
CAAP1-interacting protein in HGSOC through
proteomic interaction analysis. As an integral
component of the multi-subunit elF3 complex,
EIF3I plays a pivotal role in protein translation
initiation [17]. Accumulating evidence has de-
monstrated that elF3 subunits dysregulation
drives tumorigenesis, metastasis, and drug
resistance by selectively modulating specific
MRNAs translation [18, 19]. For instance, EIF3I
has been shown to promote invasion via regu-
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Figure 6. CAAP1-EIF3I interaction regulates proliferation- and migration proteins. (A, B) Western blot analysis of
EIF3I, Cyclin D1, cMyc, and epithelial-mesenchymal transition (EMT) markers (E-cadherin, N-cadherin, vimentin)
expression in OV90 (A) and OVCAR3 (B) cells with stable overexpression/knockdown of CAAP1 or vector control. (C,
D) Western blot confirmed the knockdown efficiency of EIF3I in OV-90 (C) and OVCAR3 (D) cells. (E, F) Western blot
analysis of Cyclin D1, c-Myc, and EMT markers (E-cadherin, N-cadherin, and vimentin) protein expression levels in
0V-90 (E) and OVCARS3 (F) cells following single knockdown of CAAP1, single knockdown of EIF3I, or simultaneous

knockdown of both CAAP1 and EIF3I.

lating epithelial-mesenchymal transition (EMT)
in colorectal cancer [15]. In hepatocellular car-
cinoma, EIF3l promotes angiogenesis throu-
gh regulating VEGF synthesis [20]. Building on
these findings, our study further suggests that
under normal conditions, CAAP1, through its
regulation of EIF3I, may interfere with the inter-
action between EIF3I and its target mRNAs or
other subunits of the translation initiation com-
plex, thereby selectively suppressing EIF3I-
mediated translation initiation. However, in
HGSOC, CAAP1 is aberrantly downregulated,
which attenuates its inhibitory effect on EIF3I
and consequently enhances EIF3I function.
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This enhanced EIF3I activity upregulates the
translational efficiency of proliferation-associ-
ated proteins (Cyclin D1, c-Myc) and EMT-
related proteins (N-cadherin, Vimentin), ultima-
tely promoting HGSOC cell proliferation and
migration.

The findings of this study hold potential clini-
cal translational value. First, CAAP1 expression
levels are significantly correlated strongly with
HGSOC patients survival, suggesting its utility
as a complementary prognostic biomarker for
identifying patients at high recurrence risk and
guiding individualized clinical management.
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Second, and more importantly, the identifica-
tion of CAAP1-EIF3I interaction reveals a novel
potential therapeutic targets. Given the inher-
ent challenges in directly restoring or delivering
tumor suppressors, a viable strategy lies in
developing small-molecule inhibitors or pep-
tide-based therapeutics that mimic CAAP1
function to specifically disrupt the oncogenic
activity of EIF3l. Furthermore, exploring com-
pounds that stabilize CAAP1 protein or upregu-
late its expression represents a promising
therapeutic direction worthy of investigation.

Nevertheless, this study has several limitations
that also suggest directions for future research.
First, while we have demonstrated the interac-
tion between CAAP1 and EIF3I and its impact
on downstream protein expression, the precise
mechanism by which CAAP1 modulates EIF3I
activity requires further elucidation. Second,
the subcutaneous xenograft model primarily
used in this study, although sufficient to dem-
onstrate the inhibitory effect of CAAP1 on
tumor growth, does not fully recapitulate the
complete metastatic cascade of HGSOC, which
involves detachment, suspension, reattach-
ment, and colonization within the peritoneal
cavity. Future studies employing orthotopic
transplantation or peritoneal dissemination
models will enable a more accurate assess-
ment of the role of CAAPL1 in suppressing me-
tastatic colonization, the most critical step in
this process. Finally, the epigenetic or transc-
riptional mechanisms underlying CAAP1 down-
regulation in HGSOC remain unclear; exploring
its upstream regulatory factors will be essential
for a comprehensive understanding of the dys-
regulation of this pathway.

Conclusion

Collectively, the present study establishes
CAAP1 as a novel tumor suppressor in HGSOC
through multi-level evidence. CAAP1 downregu-
lation correlates with poor patient prognosis
and functionally promotes tumor progression
by enhancing proliferation, migration, and re-
sistance to apoptosis. Mechanistically, CAAP1
negatively regulates the expression of Cyclin
D1, c-Myc, and EMT-associated proteins th-
rough interaction with the translation initia
tion factor EIF3Il. These findings not only pro-
vide new insights into the mechanisms under-
lying metastasis and malignant proliferation in
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HGSOC but also lay a theoretical foundation
for the development of prognostic assessment
tools and potential therapeutic strategies tar-
geting CAAP1-EIF 3| axis.
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