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Abstract
Objective  The therapeutic options for patients with advanced endometrial carcinoma (EC) were still limited and the 
prognosis remained unfavorable. F-box and leucine-rich repeat protein 18 (FBXL18), belonging to the F-box protein 
family, was frequently altered in human cancer, while its functional role and underlying mechanisms in EC were 
largely unexplored.

Methods  The expression of FBXL18 in EC tissues and cells were explored using data mining strategies and further 
experiments. Multiple in vitro assays, including CCK-8, colony formation, wound healing, and Transwell invasion 
assays, were performed to assess the function of FBXL18 on cell proliferation, migration, and invasion. Bioinformatic 
analyses, western blot, qRT-PCR, Co-immunoprecipitation and ubiquitination assays were employed to identify the 
downstream pathway and direct substrate of FBXL18.

Results  FBXL18 was highly expressed in EC tissues and cell lines, and EC patients with high FBXL18 expression 
had poor clinical outcome. Loss- and gain-of-function assays showed that silencing FBXL18 suppressed EC cell 
proliferation, migration, and invasion, while overexpressing FBXL18 caused the opposite effects. Mechanistically, 
FBXL18 could physically interacted with DUSP16, a dual specificity phosphatase, leading to its ubiquitination and 
degradation, and thus activating JNK signaling pathway. Upregulation of DUSP16 in EC cells alleviated FBXL18 
overexpression-induced activation of JNK signaling pathway, and reversed FBXL18 overexpression-mediated 
enhanced cell capacities of proliferation, migration, and invasion.

Conclusion  In summary, our study had showcased the elevated expression, prognostic prediction performance, 
and the malignant tumor-promoting role of FBXL18 in EC. The novel mechanisms underlying this phenotype are that 
FBXL18 promotes the ubiquitination and degradation of DUSP16, and thus activates JNK/c-JUN signaling to facilitate 
EC progression.
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Introduction
Endometrial carcinoma (EC), a kind of epithelial tumor, 
was arising from the endometrial epithelial tissues and 
was one of the most common gynecologic malignant 
tumors in developed countries [1, 2]. EC was the sixth 
most common tumors in women worldwide, posing a 
huge health burden to the human beings [3]. It was esti-
mated that there were approximately 417,367 new cases 
of EC in 2020, and about 97,370 cases among women 
dies from EC [4, 5], with the morbidity and mortality 
rates were increasing in the last years. EC often occurred 
in elderly women, with a median age at diagnosis of 61 
years [6]. However, recent clinical experiments suggested 
a trend of younger onset of EC patients. Nowadays, 
great progress had been made in the treatment strate-
gies including surgical resection, postoperative chemo-
radiotherapy, and radiotherapy for EC patients [7, 8], 
which were effective in cases of early stage, with a 5-year 
survival rate reaching about 85% [9]. The therapeutic 
options for patients with advanced EC were still limited 
and the prognosis remained unfavorable [10, 11]. Thus, it 
was urgent to explore the driver genes of EC occurrence 
and progression, which might lead to the identification of 
potential therapeutic targets for EC patients.

F-box and leucine-rich repeat protein 18 (FBXL18) 
belongs to the F-box protein family. Members of this pro-
tein family contain F-box motif, which was previously 
reported to function as indispensable substrate-recog-
nition subunits and recruit proteins to the SKP1- Skp1-
Cullin1-F-box (SCF) ubiquitin ligase complex [12, 13]. 
F-box proteins were frequently altered in many human 
diseases including cancer, and might be promising thera-
peutic targets due to their vital roles in regulating mul-
tiple important signaling pathways such as Hedgehog, 
WNT, MAPK, and NF-κB [14–17]. Previous studies had 
revealed the aberrant expression of F-box proteins in 
various cancers, and their dual roles that either served as 
tumor promoting factor or tumor suppressor, depend-
ing on tumor types [18, 19]. For example, Yu et al. [20]. 
reported that FBXL18 was highly expressed in hepato-
cellular carcinoma (HCC) and predicted poor overall 
survival for HCC patients. Functionally, elevated expres-
sion of FBXL18 promoted HCC cell proliferation in vitro, 
and driven HCC progression in transgenic mice. Further 
exploration revealed that FBXL18 increased the stability 
of RPS15A via promoting its K63-linked ubiquitination, 
leading to the activation of SMAD3 signaling. Yoshida 
et al. [21]. showed that FBXL8 suppressed lymphoma 
growth by promoting the degradation of phosphorylated 
cyclin D3. Despite these findings, the expression level, 
functional role and underlying mechanisms of FBXL18 in 
EC remained largely unexplored.

In this study, we showed that FBXL18 was aberrantly 
expressed in EC tissues and cell lines using data mining 

strategies and further experiments. We found that EC 
patients with high FBXL18 expression harbored poor 
prognosis. Then, the data of loss- and gain-of-function 
assays revealed that FBXL18 knockdown reduced cell 
capacities of proliferation, migration, and invasion in 
EC, while enforced FBXL18 expression led to opposite 
effects. Mechanistically, FBXL18 could physically inter-
act with DUSP16, a dual specificity phosphatase, leading 
to its ubiquitination and degradation, and thus activating 
JNK signaling pathway. In summary, our study had iden-
tified a unique regulatory pathway involving FBXL18-
DUSP16-JNK axis, which could effectively control 
malignant behaviors of EC cells. The FBXL18-DUSP16-
JNK axis might be an attractive therapeutic target for the 
treatment of EC.

Materials and methods
Data acquisition
We downloaded RNA sequencing data and related clini-
cal information from endometrial Cancer (UCEC) sam-
ples from The Cancer Genome Atlas (TCGA) database. 
Data standardization was performed using Fragments 
Per Kilobase Million (FPKM) to ensure comparability of 
expression levels.

Sample collection
Endometrial carcinoma samples (n = 12) and paired nor-
mal tissues (n = 12) were obtained from patients who 
underwent surgery in the Department of Gynecology 
and Obstetrics, Renmin Hospital of Wuhan University, 
from January 2021 to December 2023. All patients were 
pathologically diagnosed as endometrial cancer by two 
independent pathologists. All samples were immediately 
frozen in liquid nitrogen after resection, and stored in 
-80  °C until being used for further analyses. The collec-
tion and use of these clinical specimens were approved by 
the Ethical Committee of the Renmin Hospital of Wuhan 
University, with written informed permission from each 
patient or their legal guardian.

Cell lines and cell culture
The normal endometrial stromal cell line (ESC) and EC 
cell lines (KLE, Ishikawa) were purchased from Pricella 
Biotechnology (Wuhan, China). The EC cell lines (HEC-
1B, RL95-2) and HEK 293T cells were obtained from the 
Cell Bank of the Chinese Scientific Academy (Shanghai, 
China). All cell lines were cultured in DMEM (Hyclone, 
USA) containing 10% fetal bovine serum (FBS; Beyotime, 
Shanghai, China), except for KLE and RL95-2 cells, which 
were maintained in DMEM/F12 (Hyclone, USA) with 
10% FBS. All cells were kept in a humidified cell incuba-
tor at 37 °C with a 5% CO2 environment.
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Lentivirus, plasmids, SiRNA, and generation of stably cell 
lines
Lentivirus containing shRNA targeting FBXL18 (shF-
BXL18) or negative control shRNA (shNC), and FBXL18-
overexpressing plasmid (LV-FBXL18) or empty vector 
(LV-Control), were all purchased from Gene Pharma 
Company (Shanghai, China). Full-length human FLAG-
tagged FBXL18 and HA-tagged DUSP16 were inserted 
into pcDNA.3.1 plasmids to generate tagged proteins. 
SiRNA specifically targeting DUSP16 or negative con-
trol siRNA (siNeg) were obtained from Sangon Biotech 
(Shanghai, China). To generate stably cell lines, cells were 
seeded in 6-well plates and cultured to reach a cellular 
confluence of 50%. Then, cells were incubated with indi-
cated lentivirus according to the manufacturer’s protocol. 
The stably infected cells were screened out by exposing 
to puromycin (3 µg/ml) for one week. For siRNA or plas-
mid transfection, HighGene reagent (ABclonal, Wuhan, 
China) was employed following the manufacturer’s 
instructions. The knockdown or overexpression of target 
genes were confirmed at both mRNA and protein levels 
by performing qRT-PCR and western blot assays.

Cell proliferation assays
Cell proliferation ability was examined by CCK-8 and col-
ony formation assays. For CCK-8 assay, cells of the indi-
cated groups were seeded into 96-well plates at a density 
of 5 × 103 cells per well. After culturing for 0, 24, 48, and 
72 h, CCK-8 reagents (Beyotime, Shanghai, China) were 
added into specified wells. Following a 1 h incubation at 
37 °C in dark, the optical density (OD) values at 450 nm 
were measured using a microplate reader. For colony 
formation assay, different groups of equal cells (1 × 103/ 
well inoculated in shNC, shFBXL18, LV-Control and LV-
FBXL18) were placed in 6-well plates and in humidified 
cell incubators under standard circumstance. The super-
natants were replaced with fresh complete medium every 
five days. After about two weeks, cells were washed with 
cold PBS for 5 min twice, and then fixed in 4% parafor-
maldehyde (Servicebio, Wuhan, China) for 15  min at 
room temperature. Subsequently, cells were stained with 
1% crystal violet (Beyotime, Shanghai, China) for 20 min, 
followed by washing with PBS for 10 min twice. The vis-
ible colonies were observed and photographed. The num-
bers of colonies in each group were counted using ImageJ 
software. In this experiment, we defined a cell cluster 
composed of 50 or more cells as a clonal colony.

Wound healing and transwell invasion assay
Cell motility capacity was evaluated by wound heal-
ing and Transwell invasion assays. In the wound healing 
assay, cells of each group were seeded into 6-well plates 
and cultured in complete media to reach a 95% cover-
age. Then, a straight wound was made in the bottom of 

each well using a 200  µl pipette tip. Cells were washed 
with PBS, and cultured in serum-free media for another 
24 h. The areas of wound in each well at 0 and 24 h were 
observed and photographed under an inverted micro-
scope (Olympus, Japan). The wound healing rate was 
determined using the following formula: Wound heal-
ing rate = (initial wounded area - remained wound area) 
/ initial wounded area × 100%. For Transwell invasion 
assay, cells of different groups were resuspended in the 
corresponding serum-free media at a density of 5 × 105/
ml. A total of 1 × 104 cells in 200  µl media were intro-
duced into the upper wells of the Transwell chambers 
(Corning, USA), which were pre-coated with Matrigel 
solution (BD, USA). The lower wells of the Transwell 
chambers were supplemented with 600  µl media con-
taining 20% FBS. After incubating for 36  h at standard 
circumstance, cells invading to the lower surface of the 
Transwell chambers were fixed with 4% paraformalde-
hyde for 30 min, while cells in the upper of the Transwell 
chambers were removed by a cotton swab. Subsequently, 
the invaded cells were stained with 1% crystal violet, fol-
lowed by being washed with PBS twice. Five representa-
tive microscopic fields were observed and photographed 
under an inverted microscope (Olympus, Japan). The 
number of invaded cells of each group was determined 
using ImageJ software.

RNA isolation and qRT-PCR
Total RNAs were isolated from cultured cells and tis-
sues using TRIzol reagent (Invitrogen, USA) according 
to the instruction. After measuring the concentration 
of total RNAs, one microgram of RNAs were reversely 
transcribed into cDNAs with BeyoRT II M-MLV reverse 
transcriptase (Beyotime, Shanghai, China). Quantita-
tive real-time PCR analysis was performed on a Light-
Cycler 480 system (Roche, Germany) using SYBR Green 
(Takara, Beijing, China) following the standard protocol. 
The relative gene expression level was calculated using 
2−ΔΔCT method, and the housekeeping gene GAPDH 
was employed for normalization. All the primers were 
obtained from Sangon Biotech (Shanghai, China), and 
the sequences of primers were listed as follow: GAPDH, 
5’-​C​C​A​A​G​G​A​G​T​A​A​G​A​C​C​C​C​T​G​G-3’ (forward), 5’-​T​G​
G​T​T​G​A​G​C​A​C​A​G​G​G​T​A​C​T​T-3’ (reverse); FBXL18, 5’-​C​
T​G​T​T​C​A​C​T​C​C​C​T​C​C​T​A​C​G​G-3’ (forward), 5’-​T​A​A​G​C​
A​C​A​G​C​C​A​G​G​T​A​G​A​G​C-3’ (reverse); DUSP16, 5’-​C​G​A​
A​G​G​T​T​G​C​A​A​C​A​G​G​A​C​A​A-3’ (forward), 5’-​G​A​A​C​T​C​
A​G​C​A​A​A​C​C​C​A​C​C​T​G-3’ (reverse).

Protein extraction and western blotting
RIPA lysis buffer (Solarbio, Beijing, China), supple-
mented with 1% phosphatase and protease inhibi-
tors (Servicebio, Wuhan, China), was used for protein 
extraction from cultured cells and tissues. The protein 
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concentration was measured with BCA kit (Solarbio, 
Beijing, China) following standard protocol. After nor-
malizing protein concentration of each sample to 1 µg/µl 
with RIPA lysis buffer and loading buffer, a total of 15 µg 
proteins were subjected to 10% SDS polyacrylamide gels, 
followed by being transferred into the PVDF membranes 
(Millipore, USA). Subsequently, the membranes were 
blocked with 5% nonfat milk at room temperature for 
1 h and then incubated with specific primary antibodies 
at 4 °C overnight. The next day, membranes were washed 
with Tris-buffered saline with Tween 20 (TBST) twice 
and then incubated with horseradish peroxidase (HRP)-
conjugated secondary antibodies at room temperature 
for 2  h. The protein bands were finally visualized using 
enhanced chemiluminescence reagent (Beyotime, Shang-
hai, China). GAPDH protein level was employed for nor-
malization, and the relative protein expression level was 
determined by ImageJ software. The primary antibodies 
included FBXL18 (sc-100738, Santa Cruz, USA; 1:500), 
DUSP16 (#5523, CST, USA; 1:1000), GAPDH (GB15004-
100, Servicebio, China; 1:500), JNK (#9252, CST, USA; 
1:1000), p-JNK (#9251, CST, USA; 1:500), c-Jun (#9165, 
CST, USA; 1:1000), and p-c-Jun (#3270, CST, USA; 
1:1000).

Co-immunoprecipitation (Co-IP) and ubiquitination assay
Briefly, cells of the indicated groups were collected and 
then lysed in cold IP lysis buffer. Subsequently, specific 
primary antibodies were added into the protein lysate, 
followed by rotating gently at 4  °C overnight. The next 
day, the resultant mixtures were incubated with the 
pre-treated protein A + G agarose beads (CST, USA) at 
4  °C with gently rotation for 2  h. After centrifuging at 
2000 rpm for 5 min, the supernatant was discarded and 
the precipitates were collected for subsequent western 
blot analysis. The primary antibodies included FBXL18 
(sc-100738, Santa Cruz, USA), DUSP16 (#5523, CST, 
USA), FLAG (#14793, CST, USA), HA (#3724, CST, 
USA). For the in vivo ubiquitination assay, cells were of 
different groups were treated with MG132 (20 µM; MCE, 
USA) for 6 h before collection. Then, total proteins were 
isolated in IP lysis buffer and immunoprecipitated with 
DUSP16 antibody. Anti-Ub (ABclonal, Wuhan, China) 
antibody were utilized for western blot analysis.

Protein stability and degradation experiment
Protein stability and degradation were assessed by per-
forming cycloheximide-chase degradation assay. Briefly, 
cells of different groups were seeded in 6-well plates and 
cultured to reach a density of approximately 80%. Then, 
cells were treated with cycloheximide (10  µg/ml; MCE, 
USA) for 0, 2, 4, and 8  h. At the indicated time points, 
cells were harvest for protein extraction and further 
western blot analysis.

Animal experiments
Briefly, KLE cells stably transfected with lentivirus con-
taining shRNA targeting FBXL18 (shFBXL18) or control 
shRNA (shNC) were harvest and resuspended in PBS at 
a density of 5 × 107/ml. A total of 100 µl cell suspension 
were mixed with Matrigel at a ratio of 1:1, and were then 
subcutaneously injected into the lower dorsal surface 
of female BALB/c nude mice (n = 6; six weeks old, male, 
obtained from HFK Bioscience (Beijing, China)). Tumor 
volume was monitored every week and determined by 
measuring the visible xenograft in two perpendicular 
directions. Five weeks post injection, all the mice were 
euthanized. The xenograft tumors were resected and 
weighted, as well as being photographed. Then, all the 
samples were divided into two parts: one was being fixed 
in 4% paraformaldehyde, and the other part were being 
frozen and stored in liquid nitrogen for further analysis.

Statistically analysis
R 4.1.0 software and GraphPad Prism 8 were employed 
for data analysis and visualization. All data were pre-
sented as the mean ± standard deviations (SDs). Differ-
ences between two or multiple groups were compared by 
unpaired Student’s t-test or one-way analysis of variance 
(ANOVA). Kaplan-Meier (KM) plot and log-rank test 
was used for the comparison of overall survival between 
different groups. A P-value less than 0.05 was considered 
as statistically significant. Significance levels *P < 0.05; 
**P < 0.01; ***P < 0.001.

Results
FBXL18 was highly expressed in EC tissues and cells, and 
augmented expression predicted poor prognosis
We first evaluated FBXL18 expression in Pan-cancers 
using the TIMER platform (​h​t​t​p​​s​:​/​​/​c​i​s​​t​r​​o​m​e​​.​s​h​​i​n​y​a​​p​p​​s​.​
i​o​/​t​i​m​e​r​/). As shown in Fig.  1A, when comparing to ​c​o​
r​r​e​s​p​o​n​d​i​n​g normal tissues, FBXL18 mRNA levels were 
markedly higher in tumors including Bladder Urothe-
lial Carcinoma (BLCA), Cholangiocarcinoma (CHOL), 
Colon adenocarcinoma (COAD), Esophageal carci-
noma (ESCA), Head and Neck squamous cell carcinoma 
(HNSC), Kidney Chromophobe (KICH), Liver hepatocel-
lular carcinoma (LIHC), Lung adenocarcinoma (LUAD), 
Lung squamous cell carcinoma (LUSC), Prostate adeno-
carcinoma (PRAD), Rectum adenocarcinoma (READ), 
Stomach adenocarcinoma (STAD), and Uterine Corpus 
Endometrial Carcinoma (UCEC), while FBXL18 expres-
sion was downregulated in Kidney renal clear cell carci-
noma (KIRC) and Kidney renal papillary cell carcinoma 
(KIRP). These results suggested that FBXL18 was fre-
quently dysregulated in tumors and might participated in 
tumorigenesis and progress. Then, data from the online 
public databases UALCAN (​h​t​t​p​​s​:​/​​/​u​a​l​​c​a​​n​.​p​​a​t​h​​.​u​a​b​​.​e​​d​u​/​
i​n​d​e​x​.​h​t​m​l) showed that FBXL18 was upregulated more 

https://cistrome.shinyapps.io/timer/
https://cistrome.shinyapps.io/timer/
https://ualcan.path.uab.edu/index.html
https://ualcan.path.uab.edu/index.html
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in EC tissues than in adjacent normal tissues (Fig.  1B), 
and FBXL18 expression exhibited a trend to be elevated 
with the increase of tumor stage (Fig. 1C). The results of 
western blot and qRT-PCR assays in twelve pairs of EC 
tissues and adjacent nontumor tissues showed the protein 

and mRNA levels of FBXL18 were consistently higher in 
EC tissues (Fig. 1D-F). Similarly, qRT-PCR analysis per-
formed on EC cell lines and normal endometrial stro-
mal cell line (ESC) revealed considerably higher FBXL18 
expression in multiple EC cell lines (KLE, Ishikawa, 

Fig. 1  FBXL18 was highly expressed in EC tissues and cells, and augmented expression predicted poor prognosis. (A) The expression of FBXL18 in vari-
ous tumors from the TIMER database. (B) The mRNA expression pattern of FBXL18 in EC tissues and corresponding normal tissues was analyzed using 
the UALCAN database. (C) The comparison of FBXL18 mRNA level in normal tissues and EC tissues of different tumor stage. (D-E) Western blot analysis of 
FBXL18 protein levels in twelve pairs of EC tissues and adjacent normal tissues, and quantitative analysis. (F) qRT-PCR analysis of FBXL18 mRNA levels in 
twelve paired EC tissues and adjacent normal tissues. (G) qRT-PCR analyses of FBXL18 mRNA levels in normal endometrial stromal cells (ESC) and a variety 
of EC cells (KLE, Ishikawa, HEC-1B, RL95-2). (H) The association of FBXL18 expression and patients’ overall survival was determined. *P < 0.05; **P < 0.01; 
***P < 0.001
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HEC-1B, RL95-2) compared to ESC (Fig. 1G). Moreover, 
we stratified EC patients into high- and low-expression 
groups based on median expression level of FBXL18, and 
the subsequent Kaplan-Meier survival analysis revealed 
that patients with elevated FBXL18 levels harbored poor 
overall survival (Fig.  1H). Taken together, these results 
illustrated that FBXL18 was highly expressed in EC, and 
the upregulation of FBXL18 was associated with poor 
prognosis in EC patients.

Silence of FBXL18 impeded cell proliferation, migration, 
and invasion, and suppressed EMT in EC cells
We further assessed the role of FBXL18 in the malignant 
biological behavior of EC by using specific shRNA target-
ing FBXL18 to delete endogenous FBXL18 expression in 
KLE and Ishikawa cells. qRT-PCR and western blot assays 
confirmed a significant inhibition of FBXL18 mRNA 
and protein levels in EC cells of shFBXL18 group than 
that in shNC group (Fig.  2A-C). In the CCK-8 and col-
ony formation assays, we observed that the optical den-
sity (OD) values and number of colonies were markedly 
reduced in shFBXL18 group compared to that in shNC 
group (Fig.  2D-G), suggesting decreased cell prolifera-
tion capacity after silencing FBXL18. Subsequently, in the 
Transwell invasion and wound healing assays, our results 
illustrated that silence of FBXL18 could effectively inhibit 
the invasion and migration abilities of KLE and Ishikawa 
cells, as evidenced by reduced number of invaded cells 
and decreased cell migration rates in shFBXL18 group 
(Fig.  2H-L). Epithelial-mesenchymal transformation 
(EMT) was a tightly regulated process, in which cells lose 
their epithelial characteristics and acquire mesenchy-
mal features. It had been reported to be closely related 
to EC initiation, progression, metastasis [22]. Therefore, 
we evaluated the effect of FBXL18 on EMT process in 
EC cells by detecting the protein levels of EMT-related 
biomarkers. The results of western blot assay suggested 
the protein levels of mesenchymal markers (N-cadherin, 
Vimentin) were significantly downregulated, while the 
protein level of the epithelial markers (E-cadherin) was 
upregulated, in the shFBXL18 group compared with that 
in shNC group (Fig.  2M-O), indicating decreased EMT 
features after silencing FBXL18 in EC cells. In all, these 
results demonstrated that silence of FBXL18 suppressed 
cell proliferation, migration, and invasion, and impeded 
EMT process in EC cells.

Enforced expression of FBXL18 accelerated cell 
proliferation, migration, and invasion, and promoted EMT 
in EC cells
To further evaluate the role of FBXL18 in EC cells, 
we also established stably cell lines overexpressing 
FBXL18 through lentivirus-mediated plasmid trans-
fection method. Notably, the mRNA and protein 

levels of FBXL18 in KLE and Ishikawa cells were mark-
edly increased in LV-FBXL18 group compared to that in 
LV-Control group, as evidenced by the results of qRT-
PCR and western blot assays (Fig. 3A-C). This interven-
tion led to enhanced optical density (OD) values and 
increased colony numbers in the CCK-8 and colony 
formation assays, respectively (Fig.  3D-G), suggest-
ing accelerated cell proliferation after overexpressing 
FBXL18. Further analyses using Transwell invasion and 
wound healing assays revealed that enforced expres-
sion of FBXL18 significantly increased cell invasive-
ness and motility (Fig.  3H-L). Western blot assay was 
also employed to assess the effect of FBXL18 on EMT 
process of EC cells. The results showed that overexpres-
sion of FBXL18 observably increased the protein levels 
of mesenchymal markers (N-cadherin, Vimentin), and 
decreased the protein level of epithelial markers (E-cad-
herin) (Fig.  3M-O). Collectively, these data provided 
evidence that FBXL18 acted as a promoting factor in 
modulating the oncogenic phenotypes of EC cells.

FBXL18 positively regulated JNK signaling pathway in EC
To thoroughly explore the underlying molecular regula-
tory mechanism of FBXL18, we employed The Cancer 
Genome Atlas (TCGA) database to gather RNA sequenc-
ing data of EC samples. We first calculated the median 
value of FBXL18 expression in all samples. The samples 
were then divided into two groups based on the median: 
High expression group: samples with higher than median 
FBXL18 expression levels. Low expression group: Sam-
ples with FBXL18 expression levels below or equal to the 
median. As shown in Fig. 4A, a total of 1302 differentially 
expressed genes (DEGs) between FBXL18High and FBXL-
18Low groups were identified, with 557 upregulated and 
745 downregulated genes in FBXL18High group when 
comparing to that in FBXL18Low group. Subsequently, 
these FBXL18-related DEGs were subjected to GO and 
KEGG enrichment analyses. In the biological process 
category, single-organism process, multicellular organis-
mal process, and single − multicellular organism process 
were the three most enriched terms. As for the cellular 
component, these DEGs were mainly involved in extra-
cellular region, extracellular region part, and extracellular 
space. With respect to molecular function, DEGs par-
ticularly took part in channel activity, substrate-specific 
channel activity, and serine hydrolase activity (Fig.  4B). 
In the KEGG enrichment analysis, multiple tumor-
related pathways including MAPK, cAMP, PI3K-Akt, 
Ras, Estrogen, and cGMP-PKG signaling pathways, were 
highly enriched (Fig.  4C). Furthermore, GSEA results 
revealed that MAPK signaling pathway and ubiquitin-
mediated proteolysis were markedly enriched in FBXL-
18High group (Fig. 4D-E). Moreover, Pearson’s correlation 
analysis illustrated that FBXL18 expression was positively 
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correlated with the proliferation maker MKi67 (Fig.  4F) 
and multiple genes of the MAPK signaling pathway 
(Fig. 4G-T). Altogether, these analyses provided clues for 
the regulatory of FBXL18 on the activity of MAPK signal-
ing pathway. Therefore, we further investigated the effect 

of FBXL18 knockdown or overexpression on MAPK 
signaling by detecting the protein levels of JNK, p-JNK, 
c-JUN, and p-c-JUN. As shown in Fig. 4U-W, silence of 
FBXL18 reduced the phosphorylation levels of JNK and 
c-JUN in KLE and Ishikawa cells. Conversely, enforced 

Fig. 2  Silence of FBXL18 impeded cell proliferation, migration, and invasion, and suppressed EMT in EC cells. (A) The mRNA levels of FBXL18 in EC cells 
of shNC and shFBXL18 groups were detected by qRT-PCR. (B-C) Western blot analysis of FBXL18 protein levels in EC cells of shNC and shFBXL18 groups, 
and quantitative analysis. (D-G) CCK-8 and colony formation assays were conducted to assess cell proliferation abilities in stably infected EC cells, and 
quantitative analyses. (H-I) Transwell invasion assay was used to evaluate invasiveness in EC cells after silencing FBXL18, and quantitative analysis. (J-L) 
Wound healing assay was employed to determine cell migration ability after silencing FBXL18 in KLE and Ishikawa cells, and quantitative analysis. (M-O) 
Western blot analysis of EMT related markers (N-cadherin, Vimentin, and E-cadherin) in EC cells of shNC and shFBXL18 groups, and quantitative analysis. 
*P < 0.05; **P < 0.01; ***P < 0.001
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Fig. 3  Enforced expression of FBXL18 accelerated cell proliferation, migration, and invasion, and promoted EMT in EC cells. (A) The mRNA levels of FBXL18 
in EC cells of LV-Control and LV-FBXL18 groups were detected by qRT-PCR. (B-C) Western blot analysis of FBXL18 protein levels in EC cells of LV-Control 
and LV-FBXL18 groups, and quantitative analysis. (D-G) CCK-8 and colony formation assays were conducted to assess cell proliferation abilities in stably 
infected EC cells, and quantitative analyses. (H-I) Transwell invasion assay was used to evaluate invasiveness in EC cells after overexpressing FBXL18, and 
quantitative analysis. (J-L) Wound healing assay was employed to determine cell migration ability after FBXL18 overexpression in KLE and Ishikawa cells, 
and quantitative analysis. (M-O) Western blot analysis of EMT related markers (N-cadherin, Vimentin, and E-cadherin) in EC cells of LV-Control and LV-
FBXL18 groups, and quantitative analysis. *P < 0.05; **P < 0.01; ***P < 0.001
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Fig. 4 (See legend on next page.)
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expression of FBXL18 increased the levels of phosphory-
lated JNK and c-JUN in EC cells (Fig. 4X-Z). Additionally, 
SP600125, a small molecular inhibitor of JNK signaling, 
could partially reverse the promoting effect of FBXL18-
overepxression on cell proliferation, migration, and inva-
sion in EC cells (Supplementary Fig. 1A-F). Overall, these 
finding indicated that FBXL18 promoted the malignant 
behaviors in EC cells via activating MAKP/JNK signaling 
pathway.

FBXL18 targeted DUSP16 as a ubiquitination substrate
Given established role of FBXL18 in protein binding 
and stabilization, we tried to identify the direct sub-
strates of FBXL18 in EC cells using the BioGRID data-
base. DUSP16, one of the dual specificity phosphatases, 
was chosen for further investigation since it might be 
interacted with FBXL18, and due to its association with 
malignant characteristics in multiple tumors, as well 
as its vital role in regulating MAPK signaling [23]. For 
this purpose, we first evaluated the interaction between 
FBXL18 and DUSP16. As shown in Fig. 5A, IP assay con-
firmed the physical link of FBXL18 and DUSP16 in EC 
cells. Moreover, when co-overexpressing FBXL18-FLAG 
and DUSP16-HA in 293T cells, Co-IP results revealed 
that exogenous FBXL18 bound to DUSP16 (Fig.  5B). 
The results of cell immunofluorescence showed that 
FBXL18 and DUSP16 were co-localized in EC cells (Sup-
plementary Fig.  2). Subsequently, we determined the 
mRNA and protein levels of DUSP16 in EC cells with 
altered FBXL18. The results showed that no alternations 
in DUSP16 mRNA levels were found in EC cells with 
either FBXL18 knockdown or overexpression (Fig.  5C-
D). Western blot assay revealed that silencing FBXL18 
led to the enhanced protein level of DUSP16 in EC cells 
(Fig. 5E-F), while DUSP16 protein level was decreased by 
FBXL18 overexpression (Fig. 5G-H). Therefore, we could 
conclude that FBXL18 might regulate the expression of 
DUSP16 through a post-transcriptional mechanism. Fur-
thermore, we examined the mRNA and protein levels of 
DUSP16 in 12 paired EC and adjacent normal tissues. 
qRT-PCR results indicated that there was no significant 
difference in DUSP16 mRNA levels between EC and nor-
mal tissues (Supplementary Fig.  3A). However, Western 
blot analysis revealed that the protein level of DUSP16 
was significantly lower in EC tissues compared to normal 
tissues (Supplementary Fig. 3B-C). These findings suggest 
that the downregulation of DUSP16 protein in EC tissues 

may be a consequence of FBXL18-mediated degradation 
rather than transcriptional regulation. Considering the 
function of FBXL18 as a E3 ligase, we tried to explore the 
influence of FBXL18 on the stability of DUSP16 in EC 
cells. In the CHX assay, our data illustrated that enforced 
FBXL18 resulted in faster DUSP16 degradation (Fig. 5I-
J) and that silence of FBXL18 prolonged the half-life 
time of DUSP16 in EC cells (Fig.  5K-L), indicating that 
FBXL18 decreased the stability of DUSP16. Next, we 
determined whether FBXL18 regulated the ubiquitina-
tion of DUSP16. In vivo ubiquitination assay showed that 
the level of ubiquitinated DUSP16 was markedly reduced 
after silencing FBXL18 (Fig.  5M), while overexpression 
of FBXL18 increased the ubiquitination level of DUSP16 
(Fig.  5N). Collectively, these results supported that 
FBXL18 targeted DUSP16 as a ubiquitination substrate 
and decreased the stability of DUSP16 in EC cells.

FBXL18 promoted cell malignancy via DUSP16-mediated 
activation of JNK signaling
To further explore whether FBXL18 mediated its tumori-
genic function via DUSP16, we first investigated the 
effect of DUSP16 on the activation of JNK signaling in 
EC cells. As shown in Fig.  6A-C, knockdown of endog-
enous DUSP16 expression increased the levels of phos-
phorylated JNK and c-JUN. On the contrary, enforced 
expression of DUSP16 elicited significantly decreased 
phosphorylation levels of JNK and c-JUN in KLE and 
Ishikawa cells (Fig.  6D-F). These results suggested that 
DUSP16 was a vital determinant of JNK signaling in EC 
cells, which was consistent with previous researches 
[24]. To investigate whether DUSP16 mediated the effect 
of FBXL18 on the activation of JNK signaling pathway, 
DUSP16 was overexpressed or silenced in FBXL18-
upregulated or downregulated EC cells. Western blot 
analysis illustrated that ectopic DUSP16 expression 
restored the expression of phosphorylated JNK and 
c-JUN, which were upregulated by FBXL18 overexpres-
sion (Fig.  6G-I). Similarly, the reduced expression of 
p-JNK and p-c-JUN resulting from FBXL18 knockdown 
was attenuated when DUSP16 was silenced in EC cells 
(Fig.  6J-L). Additionally, in vitro rescue experiments 
showed that silencing DUSP16 partially reversed the sup-
pression of EC cell proliferation, migration and invasion 
caused by FBXL18 deletion (Supplementary Fig.  4A-B, 
E-F). Furthermore, upregulation of DUSP16 in EC cells 
alleviated FBXL18 overexpression-mediated enhanced 

(See figure on previous page.)
Fig. 4  FBXL18 positively regulated JNK signaling pathway in EC. (A) Volcano plot of FBXL18-related differentially expressed genes based on the RNA se-
quencing data of EC samples with high- and low-FBXL18 expression. (B-C) GO and KEGG enrichment analyses of FBXL18-related differentially expressed 
genes. (D-E) The results of GSEA revealed that MAPK and ubiquitin-mediated proteolysis were markedly enriched in FBXL18High group. (F-T) The Pearson’s 
correlation analyses of FBXL18 and genes of the MAPK signaling pathway. (U-W) The protein levels of JNK, p-JNK, c-JUN, and p-c-JUN in EC cells after 
silencing FBXL18 were determined by western blot assay, and quantitative analysis. (X-Z) The protein levels of JNK, p-JNK, c-JUN, and p-c-JUN in EC cells 
after overexpressing FBXL18 were measured by western blot assay, and quantitative analysis. *P < 0.05; **P < 0.01; ***P < 0.001
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cell capacities of proliferation, migration, and invasion. 
(Supplementary Fig.  4C-D, G-H). Overall, these results 
supported that FBXL18 promoted malignant behav-
iors in EC cells via DUSP16-mediated activation of JNK 
signaling.

Silence of FBXL18 inhibited EC growth in vivo
To further examine the significance of FBXL18 deletion 
in EC cells in an in vivo setting, we developed a xeno-
graft mouse model by subcutaneously injecting FBXL18-
silenced (shFBXL18) or control (shNC) cells into 
immunodeficient mice, and monitored tumor growth 

Fig. 5  FBXL18 targeted DUSP16 as a ubiquitination substrate. (A-B) The results of Co-IP and western blotting assays revealed the endogenous and exog-
enous interaction of FBXL18 and DUSP16. (C-D) qRT-PCR analysis of DUSP16 mRNA levels after silencing or overexpressing FBXL18 in KLE and Ishikawa 
cells. (E-F) Western blot analysis of DUSP16 protein level in EC cells of shNC and shFBXL18 groups, and quantitative analysis. (G-H) Western blot analysis 
of DUSP16 protein level in EC cells after overexpressing FBXL18, and quantitative analysis. (I-J) DUSP16 protein half-life in EC cells of LV-Control and LV-
FBXL18 groups were evaluated by CHX chase assay. (K-L) Comparison of DUSP16 protein half-life in EC cells stably knockdown of FBXL18 and control cells. 
(M-N) The ubiquitination status of endogenous DUSP16 after silencing or overexpressing FBXL18 in EC cells were determined by immunoprecipitation 
and western blotting. *P < 0.05; **P < 0.01; ***P < 0.001
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Fig. 6 (See legend on next page.)
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every week until the mice being sacrificed. Subsequently, 
we randomly selected three samples from the two groups 
as representatives for subsequent Western blot experi-
ments, and the tumor volume of these samples was close 
to the average value in the group, so as to ensure that 
these samples could represent the biological characteris-
tics of the whole group. The results of qRT-PCR assays 
confirmed the downregulation of FBXL18 in tumor sam-
ples of shFBXL18 group compared to that in shNC group 
(Fig.  7F). The tumorigenicity assay results showed that 
silence of FBXL18 prominently led to decreased tumor 
volumes, sizes, and weights (Fig.  7A-C). Additionally, 
western blot analysis of xenograft displayed that the pro-
tein levels of N-cadherin, Vimentin, and phosphorylated 
JNK and c-JUN, were markedly decreased in shFBXL18 
group when comparing to these in shNC group, while the 
expression of E-cadherin and DUSP16 were significantly 
enhanced (Fig.  7D-E). Besides, silence of FBXL18 did 
not alter the mRNA expression of DUSP16 in xenograft 
tumors (Fig.  7F). There results were consistent with the 
aforementioned findings in the vitro experiments, sup-
porting that silence of FBXL18 inhibited EC growth in 
vivo, which was associated with increased protein level of 
DUSP16, and inactivation of JNK signaling.

Discussion
Ubiquitination, one of the most ubiquitous post-trans-
lational modification of proteins in mammalian cells, 
is a process tightly regulated by the dynamically bal-
anced system, containing E3 ligases and deubiquitinases 
(DUBs), for controlling intracellular protein abundance 
[25–27]. In the ubiquitination cascade, certain E3 ligases 
could preciously identify substrate molecules, and then 
tag them with polyubiquitin chains, with the help of E1 
activating and E2 conjugating enzymes [28]. These polyu-
biquitinated proteins were changed in intracellular local-
ization, stability, trafficking, and function, or degraded 
by proteasomes or lysosomes [29–31]. On the contrary, 
the DUBs were responsible for the cleavage the ubiqui-
tin chains from substrates and further regulated its sta-
bility [32]. Previous studies had shown that multiple E3 
ligases and DUBs were frequently dysregulated in tumors 
and associated with oncogenesis, tumor progression, and 
response to therapies [33, 34]. FBXL18 belonged to the 
E3 ligases superfamily and was reported to play tumor-
promoting roles in human cancers via regulating the 
ubiquitination of different targets. For example, Zhuang 

et al. [35]. found that FBXL18 promoted K63-linked ubiq-
uitination of AKT to activate AKT signal, thus facilitat-
ing ovarian cancer tumorigenesis. Liu et al. [36]. revealed 
that FBXL18 suppressed apoptotic process in cervical 
cancer via mediating the ubiquitin-dependent protea-
somal degradation of the pro-apoptotic protein FBXL7. 
Despite these studies, the involvement of FBXL18 in EC 
remains unknown.

In the present work, we showed the functional roles 
and underlying regulatory mechanism of FBXL18 in 
EC progression. We discovered that FBXL18 was highly 
expressed in EC tissues and cell lines through data min-
ing methods and further experiments. Besides, higher 
expression of FBXL18 was associated with increased 
tumor stage and poor clinical outcome in EC patients. 
Plausibly, we envisaged that FBXL18 might be a promis-
ing prognostic biomarker for EC patients. The predictive 
performance of FBXL18 in EC needed to be further vali-
dated in multiple central and real-world cohorts. More-
over, we found that FBXL18 silencing suppressed EC cell 
proliferation, migration, and invasion in vitro, as well as 
impeded EC growth in vivo. Conversely, enforced expres-
sion of FBXL18 harbored the opposite effects. These data 
provided evidences for the tumorigenic role of FBXL18 
in EC and presented a theoretical basis for the develop-
ment of new therapeutic strategies by targeting FBXL18.

Afterwards, we focus on understanding the down-
stream pathways through which FBXL18 impacts the 
progression of EC. Using bioinformatic methods, we 
found that FBXL18-related differentially expressed genes 
were mainly involved in MAPK signaling in the KEGG 
enrichment analysis. Moreover, the results of GSEA also 
revealed that MAPK signaling were particularly enriched 
in FBXL18High groups compared to that in FBXL18Low 
group. Besides, FBXL18 expression was positively corre-
lated with multiple genes of the MAPK signaling pathway. 
These analyses provided a clue for the regulatory role of 
FBXL18 on MAPK signaling pathway in EC. The MAPK 
signaling is a ubiquitous signal transduction pathway that 
participates in all aspects of cellular processes such as cell 
proliferation, differentiation, stress responses and so on, 
and is frequently altered in human cancers [37, 38]. There 
are three major subfamilies of mitogen-activated protein 
kinases (MAPK) including extracellular signaling-regu-
lated kinases (ERK), p38 MAPK, and the Jun N-terminal 
kinases (JNK) [39]. In the conventional MAPK cascade, 
external stimuli such as oxidative stress, inflammatory, 

(See figure on previous page.)
Fig. 6  FBXL18 promoted EC cell malignancy via DUSP16-mediated activation of JNK signaling. (A-C) Western blot analysis of DUSP16, JNK, p-JNK, c-JUN, 
and p-c-JUN levels in EC cells of siNeg and siDUSP16 groups, and quantitative analysis. (D-F) Western blot analysis of DUSP16, JNK, p-JNK, c-JUN, and p-c-
JUN levels in EC cells after overexpressing DUSP16, and quantitative analysis. (G-I) Western blot analysis of DUSP16, JNK, p-JNK, c-JUN, and p-c-JUN levels 
in EC cells transfected with LV-Ctrl + Vector, LV-Ctrl + DUSP16, LV-FBXL18 + Vector, LV-FBXL18 + DUSP16, and quantitative analysis. (J-L) Western blot analy-
sis of DUSP16, JNK, p-JNK, c-JUN, and p-c-JUN levels in EC cells transfected with shNC + siNeg, shNC + siDUSP16, shFBXL18 + siNeg, shFBXL18 + siDUSP16, 
and quantitative analysis. *P < 0.05; **P < 0.01; ***P < 0.001
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and cytokine stimulation, were converted to a wide range 
of cellular responses by three major kinases: mitogen-
activated protein kinase kinase kinase (MAPKKK), 
mitogen-activated protein kinase kinase (MAPKK), 
and MAPK [40]. Briefly, the MAPKKK phosphorylated 
MAPKK, which led to the activation of MAPK. Activated 
MAPK could bind to and phosphorylate various tran-
scription factors such as c-JUN, p53, and MYC, and thus 
regulating cell cycle, proliferation, senescence, and apop-
tosis [41–43]. Previous studies had shown that the JNK 
pathway was frequently hyperactivated in solid tumors 
including cancers of liver, lung, brain, and colon [44–46]. 
Dysregulated JNK pathway participated in regulating cel-
lular malignant behaviors in tumors and might be poten-
tial diagnostic or prognostic biomarkers, and therapeutic 
targets [47]. Therefore, we further evaluated the effect of 
FBXL18 on the activity of JNK pathway by determining 
the protein levels of p-JNK and its downstream target 
p-c-JUN. Our results illustrated that silence of FBXL18 
decreased the phosphorylation levels of JNK and c-JUN, 
while enforced expression of FBXL18 increased the 
level of phosphorylated JNK and c-JUN, suggesting that 

FBXL18 positively regulated the activity of JNK/c-JUN 
signaling in EC. Furthermore, pharmacological inhibi-
tion of JNK signaling could reverse the promoting effect 
of FBXL18-overepxression on malignant behaviors in EC 
cells. Although JNK signaling pathway inhibitors such as 
SP600125 have shown some efficacy in partially revers-
ing the malignant behavior of tumors caused by overex-
pression of FBXL18, the effect of JNK signaling inhibition 
may be limited to specific tumor behaviors and may have 
side effects. As an upstream regulator, FBXL18 not only 
mediates JNK signal activation through DUSP16, but also 
may affect other molecular pathways that have not been 
fully explored. Targeting FBXL18 may enable multi-tar-
get action, reducing the risk of compensatory resistance 
in tumor cells while reducing interference with JNK sig-
naling in normal cells. Therefore, inhibition of FBXL18 
may be a more effective and safer treatment strategy. Col-
lectively, these results confirmed that FBXL18 promoted 
EC progression via activating JNK/c-Jun signaling.

Then, we sought to ascertain how FBXL18 regu-
lated JNK pathway in EC. Considering that FBXL18 
was an E3 ligase, we tried to identify the direct targets 

Fig. 7  Silence of FBXL18 inhibited EC growth in vivo. (A) Tumor volumes of shNC and shFBXL18 groups were determined at different defined time points. 
(B) Representative images of xenograft tumors in shNC and shFBXL18 groups. (C) Tumor weights of shNC and shFBXL18 groups were measured at the end 
point. (E) Western blot analysis of FBXL18, DUSP16, JNK, p-JNK, c-JUN, p-c-JUN, and EMT-related markers in tumor samples of shNC and shFBXL18 groups, 
and quantitative analysis. (F) qRT-PCR analysis of FBXL18 and DUSP16 in tumor samples of shNC and shFBXL18 groups. *P < 0.05; **P < 0.01; ***P < 0.001
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of FBXL18 by analyzing its interacting proteins using 
BioGRID database. Of note, DUSP16, a dual specific-
ity phosphatase, caught our attention since it might 
bind to FBXL18 and its abnormal expression was tightly 
associated with tumorigenesis and progression [48, 49]. 
Strikingly, DUSP16 was also previously reported to be a 
negative regulator of JNK [23, 50]. Therefore, we envis-
aged that DUSP16 was the direct substrate of FBXL18, 
and mediated its oncogenic potential. To confirmed 
this hypothesis, we first confirmed the physical interac-
tion between FBXL18 and DUSP16 by co-immunopre-
cipitation assay. Moreover, our results illuminated that 
FBXL18 could negatively regulated DUSP16 protein 
levels in EC cells, but did not alter its mRNA levels, sug-
gesting that FBXL18 regulated DUSP16 expression at a 
post-transcriptional level. Further experiments revealed 
that FBXL18 decreased the stability of DUSP16 and 
increased its ubiquitination levels. Besides, the reduced 
expression of p-JNK and p-c-JUN resulting from FBXL18 
knockdown was attenuated when DUSP16 was silenced 
in EC cells. Additionally, silence of DUSP16 could par-
tially reverse the proliferation and motility capabilities 
of FBXL18-deficient EC cells. Taken together, we could 
draw a conclusion that FBXL18 bound to DUSP16 and 
promoted its degradation to activate the JNK/c-JUN sig-
naling pathway, therefore aggravating the tumorigenesis 
of EC.

There were some limitations in our study. First, the 
relationship between FBXL18 expression and clinico-
pathological characteristics of EC patients, as well as 
the correlation between FBXL18, DUSP16 and JNK/c-
JUN in clinical samples need to be investigated. Another 
limitation is that we only identify FBXL18’s abilities in 
malignant proliferation, invasion, and migration of EC 
cells, whether it influences cell cycle distribution, apop-
tosis, chemoresistance, and stemness should be further 
detected. Besides, the binding motif of FBXL18 and 
DUSP16 could be also explored.

In summary, we here successfully showcased the ele-
vated expression, prognostic prediction performance, 
and the malignant tumor-promoting role of FBXL18 in 
EC. The novel mechanisms underlying this phenotype are 
that FBXL18 promotes the ubiquitination and degrada-
tion of DUSP16, and thus activated JNK/c-JUN signaling 
to facilitate EC progression. Our findings highlight the 
functional roles and associated mechanisms of FBXL18 
in EC cell malignancy and provide valuable information 
for cancer prognosis evaluation and treatment in EC.
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