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Abstract: Background: F-box and leucine-rich repeat protein 18 (FBXL18) is an F-box protein that functions as an
E3-ubiquitin ligase, and it plays pivotal roles in multiple disease processes. However, its role and underlying mecha-
nism in ovarian cancer (OC) are still unknown. We investigated the impact and mechanism of FBXL18 in OC cell
growth and tumorigenesis. Methods: Silent interfering RNAs and overexpression plasmids were employed to knock
down and overexpress FBXL18 in OC cells (A2780 and OVCAR3). CCK-8, colony formation, cell migration, and nude
mouse xenograft assays were used to assess the effect of FBXL18 on OC cell proliferation and migration. Western
blotting and co-immunoprecipitation followed by ubiquitination assays were performed to detect the mechanism
of the FBXL18/AKT axis in OC. Results: FBXL18 knockdown inhibited OC cell proliferation and migration, whereas
FBXL18 overexpression showed the opposite results. Phosphorylated-AKT (S473) protein expression was increased
by FBXL18 overexpression and markedly decreased after phosphorylated-AKT inhibitor (MK-2206) treatment. Co-
immunoprecipitation assays demonstrated that FBXL18 strongly interacted with AKT in OC cells. Ubiquitination as-
says revealed that FBXL18 promoted K63-linked AKT ubiquitination to activate AKT. MK-2206 treatment reversed
the increase in proliferation and migration of OC cells induced by FBXL18 overexpression. Conclusions: FBXL18
promoted OC cell proliferation and migration and facilitated OC tumorigenesis. Mechanically, FBXL18 interacted
with AKT and promoted K63-linked ubiquitination of AKT to activate AKT in OC cells. Our study revealed that the
FBXL18/AKT axis plays a crucial role in the OC process, indicating that FBXL18 may be a valuable target for OC
diagnosis and treatment.
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Introduction F-box and leucine-rich repeat protein 18

(FBXL18) is a member of the F-box protein (FBP)

Ovarian cancer (OC) refers to malignant tumor
growth in the ovaries. Typically, OC is often not
diagnosed early and since it has highly aggres-
sive characteristics, coupled with a 5-year sur-
vival rate of less than 40%, it has one of the
highest mortality rates of gynecological can-
cers [1]. The current treatment strategies
include cytoreductive surgery and platinum-
based chemotherapy, but the treatment effect
is still suboptimal [2]. Therefore, in-depth explo-
ration of the mechanism of OC occurrence and
development and the identification of effective
targets are currently urgently needed.

family. As subunits of the S-phase kinase-
associated protein 1 (Skpl)-Cullin-F-box protein
(SCF) E3 ligase complex, FBPs contain two
domains: an N-terminal F-box motif and a
C-terminal leucine-rich repeat (LRR) motif or
tryptophan-aspartic acid (WD) repeat motif.
Accordingly, the FBP family is divided into three
classes, including F-box and WD repeat domain-
containing proteins, F-box and LRR domain-
containing proteins (FBXL), and F-box-only pro-
teins (FBXO) [3]. The F-box motif recruits Skpl,
whereas the LRR/WD motif is engaged in recog-
nizing diverse substrates for ubiquitin ligation
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and subsequent degradation [4]. The increas-
ing characterization of FBPs and the discovery
of their substrates have increased the under-
standing of how FBPs play various roles in cell
cycle progression, signal transduction, and
tumorigenesis [5-7]. FBXL18 has been shown
to play pivotal roles in multiple cellular process-
es [8, 9]. However, the detailed functions of
FBXL18 in OC development and cell growth
have not been elucidated.

In this study, evidence is presented for the first
time to show that FBXL18 functions as a
key factor for OC cell growth maintenance.
Specifically, deletion of FBXL18 significantly
inhibited OC cell proliferation and migration,
while FXBL18 overexpression showed the
opposite result. Further study showed that
FBXL18 increased phosphorylated-AKT (p-AKT)
protein expression by directly interacting with
AKT and promoting K63-linked ubiquitination
to active AKT. However, application of a p-AKT
inhibitor (MK-2206) abolished the increase in
OC cell proliferation and migration induced
by FBXL18 overexpression, confirming that
FBXL18 mediates OC cell proliferation and
tumorigenesis and that these processes are
closely associated with activation of AKT sig-
naling. These results provide an increased
understanding of the role of the FBXL18/AKT
axis in OC tumorigenesis and propose a la-
boratory basis for the diagnosis and treatment
targets of OC.

Materials and methods
Cell culture and treatments

Human OC cell lines (A2780, OVCAR3) were
obtained from the Chinese Academy of Cell
Collection (Shanghai, China) and then cultured
in Dulbecco’s modified Eagle’s medium con-
taining 10% fetal bovine serum (FBS) (Gibco,
Carlsbad, CA, USA) and RPMI-1640 (Gibco,
USA) containing 20% FBS at 37°C in a humidi-
fied chamber with 5% CO,, respectively.

Silent interfering RNAs (siRNAs) (GenePharma,
Suzhou, China) targeting FBXL18 and the
negative control were transfected into cells
using Lipofectamine 2000 (Invitrogen, Carls-
bad, CA, USA). Overexpression plasmids in-
cluding pcDNA3.1-Flag-labeled FBXL18, pEG-
FP-labeled AKT, pRK5-HA-labeled ubiquitin
WT/K48/K63/K0, or an empty vector (Sangon
Biotech, Shanghai, China) were transfected into
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cells using X-tremeGENE HP DNA Transfection
Reagent (Roche, Mannheim, BW, Germany).
Functional assays were conducted after trans-
fection for 48 h. The target sequences recog-
nized by the siRNAs included the following:
si-FBXL18Y 5’-3": GGACAUAUCCAAUGAUGAU-
TT; si-FBXL18%* 5-3: GCCUUGACAAGAGCCU-
CAUTT; negative control siRNA (si-NC) 5-3’:
ACGUGACACGUUCGGAGAA.

MK-2206 2HCL (MK-2206, 10 uM/L, Selleck,
USA) is a specific phospho-AKT inhibitor and
was applied to block AKT phosphorylation when
cells were transfected with plasmids.

Cell proliferation assays

For the CCK-8 assay, post-treatment cells at a
density of 3*10° were plated on 96-well plates
and inoculated with CCK-8 solution (Beyotime
Institute of Biotechnology, Shanghai, China).
Then, the optical density was assessed every
24 h at 450 nm using a microplate reader (Bio-
Rad Model 680, Hercules, CA, USA).

For the colony formation assay, 1500 cells
were added to six-well plates and cultured for
approximately 2 weeks before fixing with meth-
anol. Then, the cells were stained with 0.1%
crystal violet (Beyotime, Shanghai, China) and
counted for analysis.

Cell migration assay

After treatment, cells were incubated with 300
ML of serum-free medium and deposited in
the upper chamber (Corning, NY 14831, USA),
whereas the lower chamber was filled with 700
uL of complete medium. After approximately 48
h, the cells crossed the chamber membrane
and were harvested outside the chamber.
Then, the cells were fixed with 4% paraformal-
dehyde, stained with 0.1% crystal violet, and
observed under a bright-field microscope.

Mouse xenografts

Four-week-old female athymic BALB/c nude
mice were housed in suitable barrier facilities
under specific pathogen-free conditions with
individually ventilated cages, sterilized food,
and water at the Animal Center of Nanjing
Medical University and taken care of by mem-
bers of professor Mingxi Liu’s lab. Animal use
was approved by the Animal Ethical and Wel-
fare Committee of Nanjing Medical University
(Permit Number: IACUC-2004020).
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Human OC cells (OVCAR3) were treated with sh-
FBXL18 and the control group (sh-NC) for 48 h.
Then, the cells were harvested, washed, and
re-suspended in 100 pL of phosphate-buffered
saline. The flanks of nude mice were subcuta-
neously injected with sh-FBXL18-treated cells,
and another flank was injected with control
cells (n = 6). The tumor volumes were calculat-
ed every 3 days (V= 0.5 x D x d? (V, volume; D,
longitudinal diameter; d, latitudinal diameter)).
After approximately 2 weeks, the mice were
sacrificed, and subcutaneous tumors were
removed, measured, and fixed in formalin.

Immunofluorescence assay

Paraffin-embedded tissues were dewaxed and
hydrated. Then, antigen retrieval was per-
formed by boiling samples in 10 mM sodium
citrate buffer (pH 6.0). After blocking with 1%
bovine serum albumin for 2 h, slides contain-
ing target tissues were incubated with the pri-
mary antibody (anti-Ki67 mouse antibody,
Santa Cruz Biotechnology, Dallas, TX, USA) and
then with Alexa-Fluor secondary antibodies
(Thermo Scientific, Wilmington, DE, USA).
Finally, cell nuclei were stained with 5 yg/mL
4’ 6-diamidino-2-phenylindole (DAPI, Beyotime)
for 10 min. All samples were viewed using a
Zeiss laser confocal microscope (LSM810,
Carl Zeiss, Oberkochen, Germany) and quanti-
fied with Zeiss software.

RNA extraction and real-time quantitative poly-
merase chain reaction (RT-gPCR) assays

Total RNA in cells was extracted using the
TRIzol reagent (Vazyme, Nanjing, China) accord-
ing to the manufacturer’s protocol and reverse
transcribed into ¢cDNA using Hiscript Ill RT
Super Mix from the qPCR kit (Vazyme). RT-qgPCR
was quantified using SYBR Green Master Mix
(Vazyme) with an Applied Biosystems 7500
Real-Time PCR System. Finally, the relative
expression levels of genes were normalized to
that of 18s rRNA using the 222°T method. The
FBXL18 gene primers were 5-AGTCGCTTC-
TCCGCAGGTG-3' and 5-ACCGCAAGGACAACA-
GACTACC-3'. The 18s rRNA gene primers were
5-AAACGGCTACCACATCCAAG-3’ and 5-CCTC-
CAATGGATCCTCGTTA-3..

Western blotting assay

A2780 and OVCARS cells were lysed using lysis
buffer (RIPA, Beyotime), total proteins were
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extracted, and the protein concentration was
measured using a BCA protein assay kit
(Beyotime). Subsequently, the proteins were
denatured at 100°C for 10 min, separated by
10% sodium dodecyl-sulfate polyacrylamide
gel electrophoresis, and transferred to poly-
vinylidene fluoride membranes (Millipore,
Billerica, MA, USA), followed by blocking with
5% nonfat milk at room temperature for 2 h.
The membranes were incubated overnight with
corresponding primary antibodies at 4°C. The
next day, after washing with TBST, the mem-
branes were incubated with horseradish perox-
idase-conjugated secondary antibodies for 1 h
at room temperature. Finally, protein bands
were visualized using enhanced chemilumines-
cence (Beyotime) and a digital gel image analy-
sis system. Protein expression levels were
quantified using ImageJ software. The following
primary antibodies were used: anti-FBXL18
mouse antibody (1:1000; Santa Cruz Bio-
technology), anti-AKT rabbit antibody (1:1000;
Proteintech, Wuhan, China), anti-p-AKT (Ser-
473) mouse antibody (1:1000; Proteintech),
anti-GAPDH mouse antibody (1:1000; Protein-
tech), anti-GFP mouse antibody (1:1000;
Proteintech), anti-HA mouse antibody (1:1000;
Santa Cruz Biotechnology), and anti-Flag
mouse antibody (1:1000; Sigma, St. Louis, MO,
USA).

Co-immunoprecipitation (Co-IP) and ubiquitina-
tion assays

Cells were transfected with overexpression
plasmids including Flag-labeled FBXL18, GFP-
labeled AKT, and HA-labeled ubiquitin WT/
K48/K63/K0. After 48 h of transfection, the
cell lysates were incubated with anti-GFP or
anti-Flag-labeled antibodies overnight at 4°C,
followed by co-incubation with washing protein
A beads (Invitrogen) for 3 h at 4°C. Finally, the
antigen-antibody-bead complex was denatured
by heating at 100°C for 10 min, and the super-
natant was detected with specific primary anti-
bodies by western blotting.

Statistical analysis

Data are presented as the mean + standard
deviation of at least three replicates. SPSS 17.0
(IBM Corporation, Armonk, NY, USA) and
GraphPad Prism 9.0 (GraphPad Software, La
Jolla, CA, USA) software were used for the sta-
tistical analyses. Differences between the two
groups were analyzed using Student’s t-test,

Am J Transl Res 2024;16(5):1977-1990



The function and molecular mechanism of FBXL18 in ovarian cancer

and differences among multiple groups were
analyzed using a one-way analysis of variance.
Avalue of P < 0.05 was considered a significant
difference.

Results

FBXL18 is a risk factor that affects the progno-
sis of OC

We identified the E3 ubiquitin protein ligase
genes associated with overall survival (OS) of
OC through univariate Cox regression analysis.
In total, 45 and 36 genes associated with OC
prognosis were identified in The Cancer Ge-
nome Atlas (TCGA) (Figure 1A) and the
GSE63885 database (Figure 1B), respectively.
By intersecting the above two sets of gene
data and plotting the Kaplan-Meier curve (sug-
gesting the relationship between the expres-
sion level and OS time), we obtained a total of
four meaningful genes, namely DDB1 and
CUL4 associated factor 15 (DCAF15), PTEN-
induced putative kinase 1 (PINK1), Lysine-
specific demethylase 2A (KDM2A), and FBX-
L18. High expression of DCAF15 and PINK1
was associated with a better prognosis of OC
(Figure 1C, 1D), but high expression of KDM2A
and FBXL18 was associated with a worse prog-
nosis (Figure 1E, 1F).

We selected the OC prognostic risk factor
genes KDM2A and FBXL18 and mapped their
expression levels in OC tissue and normal ovar-
ian tissue using the Gene Expression Profil-
ing Interactive Analysis (GEPIA) database. We
found that the expression level of FBXL18 in
OC was significantly higher than that in normal
ovarian tissue, and the difference in expres-
sion of KDM2A in the two groups was not sta-
tistically significant (Figure 1G, 1H). These
results indicate that FBXL18 is a risk factor
that affects the prognosis of OC and has poten-
tial research value for the occurrence and
development of OC. Therefore, we selected
FBXL18 for follow-up studies.

FBXL18 knockdown inhibits OC cell prolifera-
tion and migration in vitro

To clarify the biological role of FBXL18 in OC
cells in vitro, we first transfected A2780 and
OVCAR3 cells with two independent siRNAs
that both dramatically decreased FBXL18
mRNA and protein expression, as measured by
RT-gPCR and western blotting (Figure 2A-C).

1980

CCK-8 and in vitro colony formation assays
showed that repression of FBXL18 significantly
decreased the proliferative ability of OC cells
(Figure 2D-G). Given that cancer cell migration
also plays an important part in tumor malignant
progression, the effect of FBXL18 knockdown
on cell migration capacity was determined
using a Transwell assay. The results showed a
significant reduction in the migration capacity
of FBXL18-siRNA-treated OC cells compared
with that of the si-NC group (Figure 2H, 2I). The
above results strongly suggested that FBXL18
could promote the proliferation and migration
of OC cells in vitro.

Repression of FBXL18 decreases OC cell pro-
liferation in vivo

To further assess the effects of FBXL18 on
tumorigenesis in vivo, we subcutaneously in-
jected FBXL18 knockdown (sh-FBXL18) and NC
group (sh-NC) OC cells (OVCAR3) into the arm-
pits of nude mice to establish a subcutaneous
xenograft tumor model. The nude mice were
sacrificed after approximately 2 weeks. The
tumor volumes and weights in the sh-FBXL18
group were significantly lower than those in the
sh-NC group (Figure 3A-C). Furthermore, immu-
nofluorescence analysis showed that the pro-
portion of Ki67-positive cells was significantly
lower in the sh-FBXL18 group than in the sh-NC
group (Figure 3D, 3E). Collectively, these results
indicated that FBXL18 could facilitate ovarian
tumor progression in vivo.

Overexpression of FBXL18 promotes OC cell
proliferation and migration

Similarly, we transfected A2780 and OVCAR3
cells with pcDNA3.1-Flag-FBXL18 to overex-
press FBXL18, as confirmed by western blot-
ting (Figure 4A). As expected, FBXL18 overex-
pression significantly increased OC cell prolif-
eration (Figure 4B-E) and migration (Figure 4F,
4G) in vitro. Taken together, these results sug-
gested that FBXL18 is required for the prolife-
rative and migratory abilities of OC cells.

FBXL18 is required for OC cell proliferation and
migration via activation of AKT signaling

Activation of AKT is the most common signaling
mechanism involved in OC cell survival, growth,
and proliferation [10-12]. Previous studies have
demonstrated that FBXL18 promotes glioblas-
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Figure 1. F-box and leucine-rich repeat protein 18 (FBXL18) is a risk factor for and is negatively associated with the
prognosis of ovarian cancer (OC). A. E3 ubiquitin protein ligase genes associated with overall survival (OS) of OC in
The Cancer Genome Atlas database (TCGA). B. E3 ubiquitin protein ligase genes associated with OS of OC in the
GSE63885 database. C-F. The Kaplan-Meier curves of four meaningful genes from the intersecting portion of the
two gene data sets. G, H. The expression levels of Lysine-specific demethylase 2A (KDM2A) and FBXL18 in OC tis-
sue (n = 426) and normal ovarian tissue (n = 88) from the Gene Expression Profiling Interactive Analysis database
(t-test). *P < 0.05.
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Figure 2. Knockdown of FBXL18 suppresses OC cell (A2780 and OVCAR3) proliferation and migration in vitro. (A, B)
Real-time quantitative PCR was used to detect the relative expression of FBXL18 mRNA in A2780 and OVCARS cells
after FBXL18 knockdown (analysis of variance, ANOVA). (C) Western blotting was employed to verify the efficiency
of FBXL18 knockdown. (D, E) A CCK-8 assay (n = 4 for each group) was conducted to determine the viability of
A2780 and OVCARS cells (ANOVA). (F) A colony formation assay (n = 3) was performed to examine the proliferation
of A2780 and OVCARS3 cells. Scale bar: 5 mm. (G) Quantification of the results from (F) (ANOVA). (H) A Transwell
assay (n = 3) was conducted to assess the migratory abilities of A2780 and OVCARS3 cells. Scale bar: 200 pm. (l)
Quantification of (H) (ANOVA). *P < 0.05, **P < 0.01, ***P < 0.001, compared with the si-NC condition.
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Figure 3. Decreasing FBXL18 attenuates OC cell proliferation in vivo. (A) OVCAR3 cells were treated with sh-FBXL18
and sh-NC and then subcutaneously injected into the armpits of nude mice (n = 6). The macroscopic appearance
of tumors is shown. (B) Tumor sizes were calculated every 3 days and are represented as the mean tumor size +
standard deviation (n = 6) (t-test). (C) The weights of subcutaneous tumors were measured (n = 6) (t-test). (D) Ki67
expression in tumors was examined using immunofluorescence. n = 3. Scale bar: 10 um. (E) Quantification of Ki67-
positive cells in (D) (t-test). *P < 0.05, **P < 0.01, ***P < 0.001, compared with the sh-NC condition.

toma cell proliferation via promoting K63-linked induced by FBXL18 overexpression. Together,
ubiquitination to activate AKT signaling in hu- these findings indicated that AKT activation is
man glioma cancer [13]. Therefore, we next highly likely to participate in the OC cell prolif-
examined whether the effect of FBXL18 on the eration caused by FBXL18 overexpression.
promotion of proliferation in OC cells was asso-
ciated with AKT activation. To further verify that AKT activation contributes
to the OC cell proliferation and migration
To address this question, we knocked down induced by FBXL18, MK-2206 was applied to
and overexpressed FBXL18 in A2780 and inhibit p-AKT activation after FBXL18 overex-
OVCRA3 cells to assess AKT activation. Wes- pression. Consistently, CCK-8 (Figure 5I, 5J),
tern blotting results revealed that decreased colony formation (Figure 5K, 5L), and migration
FBXL18 expression prominently reduced the assays (Figure 5M, 5N) validated that FBXL18
level of p-AKT (S473) (Figure 5A-D), while overexpression noticeably enhanced the prolif-
FBXL18 overexpression enhanced the level of erative and migratory abilities of OC cells,
p-AKT (S473) (Figure 5E-H). However, treat- whereas MK-2206 treatment could dramati-
ment with MK-2206, a specific p-AKT inhibitor, cally rescue the altered phenotypes in FBXL18-
could rescue the upregulation of p-AKT (S473) overexpressed OC cells. The above findings
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Figure 4. Overexpression of FBXL18 promotes OC cell proliferation and migration in vitro. (A) Western blotting of FBXL18 protein expression in A2780 and OVCAR3
cells transfected with pcDNA3.1-Flag-FBXL18 and pcDNA3.1-NC (EV). (B, C) The proliferative viability of OC cells was detected using a CCK-8 assay after OC cells
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Figure 5. AKT activation is implicated in OC cell proliferation and migration induced by FBXL18 overexpression. (A-D) A2780 and OVCAR3 cells were treated with
si-FBXL18s and si-NC for 48 h, followed by western blotting analysis of phosphorylated-AKT (p-AKT) (Ser473) protein expression (n = 3). (B) and (D) show the quan-
tification of (A) and (C) (ANOVA). (E-H) OC cells were transfected with FBXL18 overexpression plasmids with or without MK-2206 treatment (p-AKT inhibitor, 10 uM),
and the levels of AKT phosphorylation at Ser473 were determined by western blot analysis in A2780 (E, F) (t-test) and OVCAR3 (G, H) cells (t-test, n = 3). CCK-8 (I,
J) (n = 4) (t-test) and colony formation (K, L) (n = 3) (t-test, scale bar: 5 mm) assays were used to assess the effect of p-AKT inhibition on the proliferative viability of
OC cells induced by FBXL18. (M, N) A cell migration assay (n = 3) (t-test, scale bar: 100 um) was performed to reveal the relationship between AKT activation and
the migratory ability of OC cells induced by FBXL18. *P < 0.05, **P < 0.01, ***P < 0.001, compared with the si-NC or EV condition. *P < 0.05, #P < 0.01, ##P <
0.001, compared with the Flag-FBXL18 condition.
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Figure 6. FBXL18 interacts with AKT and promotes AKT K63-linked ubiquitination. A, B. GFP-labeled AKT was co-
transfected with Flag-labeled FBXL18 in OVCARS3 cells followed by a co-immunoprecipitation assay. C. The OVCAR3
cells were transiently transfected with Flag-labeled FBXL18, GFP-labeled AKT, and HA-labeled-Ub-WT/K48/K63/K0O

plasmids, followed by a ubiquitin assay.

confirmed that FBXL18 promotes proliferation
of OC cells and this effect is closely related to
activation of AKT signaling.

FBXL18 interacts with AKT and promotes K63-
linked ubiquitination of AKT in OC cells

To identify the working relationship between
FBXL18 and AKT, we co-expressed Flag-tagged
FBXL18 with GFP-tagged AKT in OVCAR3 cells
and then detected their interaction. Co-IP
assays demonstrated that FBXL18 exhibited a
strong interaction with AKT (Figure 6A, 6B).
Because FBPs play crucial roles in diverse cel-
lular processes through ubiquitination and sub-
sequent function of target proteins, we next
explored the relationship between FBXL18 and
AKT ubiquitination in OC cells. K63-linked ubig-
uitination usually induces protein activation or
strengthens protein stability, whereas K48-
linked ubiquitination usually promotes protein
degradation. Therefore, we overexpressed HA-
tagged wild-type ubiquitin (containing all seven
lysine residues), ubiquitin mutants such as K48
and K63 (only K48 or K63 were retained and
the other six lysine residues were replaced with
arginine), and KO (none of the seven lysine resi-
dues were retained) together with Flag-tagged
FBXL18 and GFP-tagged AKT in OVCARS3 cells.

1987

Ubiquitination assays revealed that only K63-
linked polyubiquitination of AKT was excessive-
ly induced by FBXL18 overexpression, while
K48-linked polyubiquitination was not affected
(Figure 6C). Overall, these results indicated
that FBXL18 may promote K63-linked ubiquiti-
nation of AKT to activate AKT signaling in OC
cells.

Discussion

Because of its highly lethal characteristics and
lack of suitable biomarkers for diagnosis and
treatment, OC has become a major malignancy
that threatens women’s health and quality of
life [14]. FBXL18 has been identified as an E3
ubiquitin ligase and is widely involved in the
tumorigenesis of many tumors, such as hepato-
cellular carcinoma (HCC) [15], glioma [13], and
bladder cancer [8]. However, research on FB-
XL18 has not been reported in the biological
process of OC. Our study is the first to address
the function and molecular mechanism of
FBXL18 in OC tumorigenesis. In this study, we
demonstrated that FBXL18 acts as an onco-
gene in OC tumorigenesis because of its effect
on promoting proliferation of OC cells in vitro
and in vivo. Additionally, the proliferation and
migration of OC cells induced by FBXL18 over-
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expression were suppressed by a p-AKT inhibi-
tor. Furthermore, we found that FBXL18 directly
interacted with AKT and promoted K63-linked
polyubiquitination of AKT, thus activating AKT
signaling in OC cells.

Protein ubiquitination is meticulously regulated
by the coordinated actions of an E1 ubiquitin-
activating enzyme, an E2-conjugating enzyme,
and an E3-ubiquitin ligase and is indispensable
for a wide range of cellular regulatory process-
es [16-18]. Among the large number of E3 li-
gases, the SCF family has been identified as a
class of E3 proteins that regulates diverse bio-
logical processes [19-21]. In the SCF complex,
FBPs recognize diverse substrates for ubiquitin
ligation and subsequent degradation. Abe-
rrations in the expression or activity of FBPs
could contribute to the abnormal accumulation
or degradation of their substrate proteins, and
this process is usually involved in tumorigene-
sis [22-24]. FBXL8 loss excessively supported
oncogene-induced transformation in vitro and
lymphoma progression in vivo, which was me-
diated by polyubiquitylation of cyclin D3 and
regulation of cyclin D3 protein stability [25].
FBXL10 has been reported to act as a crucial
tumor accelerator in gastric cancer [26], colon
cancer [27], and breast cancer [28]. Addition-
ally, studies have indicated that upregulation of
the FBXL20 protein level is associated with
malignant histological features of OC and that
the depletion of FBXL20 activity may improve
OC clinical outcomes [29, 30].

In general, polyubiquitylation via different link-
ages is abundant in cells and often results in
distinct signaling activation and trafficking.
FBXL18 can promote the K63-linked polyubig-
uitination of Ribosomal protein S15A (RPS15A)
and facilitates its stability during HCC progres-
sion [15]. FBXL18 regulated cell apoptosis
by mediating the proteasomal degradation of
FFBXL7 in HelLa cells [31]. FBXL18 attenuated
lung epithelial cell death by mediating the deg-
radation of mortality factor 4-like protein 1
(Morf4dll) [32]. Regarding its other functions,
FBXL18 targets Leucine-rich repeat protein
kinase 2 (LRRK2) for degradation by ubiquitina-
tion and abrogates neuron toxicity, and some
mutations of FBXL18 are the most common
genetic causes of Parkinson’s disease [33].
Another study reported that FBXL18 could
enhance K63-linked polyubiquitination of AKT
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and activate AKT signaling in glioma [13].
Congruously, our data showed that FBXL18
interacted with AKT and promoted its stability
via K63-linked polyubiquitination, followed by
increasing the expression level of p-AKT (S473),
indicating activation of AKT signaling in OC
cells.

AKT, a major kinase in the Phosphoinositide
3-kinase (PI3K)-AKT pathway, is often activated
in various biological processes and usually
functions as a beneficial factor for cellular sur-
vival and proliferation [34, 35]. Many studies
have shown that AKT activation primarily occ-
urs through PI3K-dependent phosphorylation
mediated by Mammalian target of rapamycin
complex 2 (MTORC2) components and 3-phos-
phoinositide-dependent protein kinase 1
(PDK1) [36, 37]. However, aberrant activation
pathways of AKT have also been identified,
such as ubiquitination [38], SUMOylation [39],
and acetylation [40]. Moreover, studies have
revealed that the K63-linked ubiquitination of
AKT plays a crucial role in AKT membrane
recruitment, phosphorylation, and activation
[41].

Studies have reported that other FBPs also
play a crucial role in OC progression. FBX0O6
promoted K48-dependent ubiquitination of Ri-
bonuclease T2 (RNASET2), thereby contribut-
ing to the development of OC [42]. FBX016
interacted with Heterogeneous nuclear ribo-
nucleoprotein L (hnRNPL) and triggered its pro-
teasomal degradation, exerting a tumor sup-
pressor role in OC tumorigenesis [43]. Based
on the pivotal characteristics of FBPs in the
biological processes of OC through ubiquitina-
tion of substrates, these studies might provide
a perspective to design small-molecule FBP
agonists to slow the course of OC-related dis-
eases and enhance treatment in the future.

In summary, we identified FBXL18 as an onco-
genic factor both in vitro and in vivo in OC
tumorigenesis and demonstrated that the
FBXL18/AKT axis is critical for OC cell prolifera-
tion and migration. These findings will provide
potential new directions for diagnostic and
therapeutic strategies for OC.
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