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Background. F-box proteins are essential components of the E3 ubiquitin ligases which are involved in the regulation of almost all
life activities such as cell cycle, proliferation, and apoptosis, which have become an important research and drug target. However,
there are few studies on F-box and leucine-rich repeat protein 16 (FBXL16) in endometrial carcinoma. Methods. Clinical samples
were collected for determining the correlation between FBXL16 and endometrial carcinoma. Cells were screened and established
with Ishikawa cells which proved the fundamental role of FBXL16 in regulating cell proliferation and cell cycle. The MPA-resistant
endometrial carcinoma cell line Ishikawa/MPA was established. FBXL16, PP2A®*% and cyclin D1 were analyzed separately in
MPA sensitive and resistant Ishikawa cells in vitro and in vivo. Results. The high expression of FBXL16 was positively correlated
with MPA resistance and poor prognosis of endometrial cancer. MPA tolerance of endometrial cancer cells was inhibited by
knockdown of FBXL16 in DNA content assessment, CCK-8, and colony formation. It was confirmed that FBXL16 inhibited
the activity of substrate PP2A>** by binding to PP2A, reduced the phosphorylation level at Thr308 site of AKT1, inhibited
the expression of GSK-3f, and thus led to a significant decrease in the phosphorylation level of cyclin D1, which prevented
the ubiquitination recognition and degradation of cyclin D1. Conclusion. In our experiments, FBXL16 binds PP2A to
promote the dephosphorylation of Thr286 site of cyclin D1 via AKT1/GSK3p/cyclin D1 pathway, which is required for

resisting the ubiquitination degradation and enhances the MPA resistance of Ishikawa.

1. Introduction

In recent years, endocrine therapy is mainly used to preserve
the reproductive function of women patients with endometrial
cancer. Among them, the success rate is 57%-75% [1, 2]. It is
worth noting that about 40% of patients are not sensitive or
resistant to progesterone, which limits the clinical medication
of this population [3]. Therefore, exploring the mechanism of
progesterone resistance in endometrial cancer has great guid-
ing significance for clinical diagnosis and treatment.

So far, many studies have focused on endometrial cancer,
trying to understand the functions of genes and proteins in
tumor proliferation [4-6]. Among these studies, the
ubiquitin-proteasome system, a highly selective process for
degrading proteins with the 26s proteasome complex, has

been a hot topic [7-9]. FBXL16 (F-Box and Leucine-Rich
Repeat Protein 16) is a poorly studied F-box protein that
brings the substrate to the E3 ligase complex and mediates the
subsequent degradation [10-12]. PP2A (Protein Phosphatase
2), usually defective or deregulated in many types of cancer, is
a major heterotrimeric serine/threonine phosphatase that con-
sists of one structural (PP2A/A), one catalytic (PP2A/C), and
one regulatory (PP2A/B) subunit [13-15]. Honarpour et al
found that FBXL16 regulated the origin of FLK+ progenitor
cells by binding to PP2A®*** protein and played an important
role in the differentiation of embryonic stem cells [11].
Although substantial evidence pointed out that PP2A probably
acted as a tumor suppressor, however, the function of PP2A in
endometrial carcinoma and the process of progesterone resis-
tance are still unclear.
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Therefore, based on the prediction of the gepia2 database
and the mRNA level of clinical patients’ tumor tissues, we
explored the role of FBXL16 in affecting cell proliferation
and promoting the MPA (mycophenolic acid) resistance of
endometrial cancer cells in vitro and in vivo. FBXL16 was
upregulated in endometrial carcinoma tissues and many kinds
of endometrial cell lines. Compared to the parental cells, the
expression of FBXL16 increased remarkably in the MPA-
resistant Ishikawa cells. Furthermore, FBXL16 promoted the
MPA resistance of Ishikawa cells by interacting with PP2A®>>
and enhancing the stability of cyclin D1 in endometrial carci-
noma. These findings indicate that FXBL16 may be a potential
diagnostic marker and therapeutic target in the MPA resis-
tance process of endometrial carcinoma.

2. Materials and Methods

2.1. Cell Culture and MPA-Induced Treatment. Endometrial
cancer cell lines, HEC-1A, HEC-1B, AN3-CA, RL95-2, Ishi-
kawa, and KLE, and immortalized endometrial epithelium
cell line, EEC-1, were purchased from Bluefcell (Shanghai)
Biotechnology Development Co., Ltd. Cells were cultured
in Dulbecco’s Modified Eagle Medium (Gibco, 11965-092)
with a supplement of 10% fetal bovine serum (Gibco,
26140-095) and 1% antibiotics (Gibco, 15070-063). Cells
were maintained at 37°C with 5% CO, in a humidified
environment.

2.2. Animal Models. Balb/c nude mice (female, age 4-6
weeks) were purchased from Jingling Hospital (Nanjing,
China) and maintained in a pathogen-free facility. MPA-
resistant cells with shFBXL16 transfected (Ishikawa-MPA/
shFBXL16) and shNC (Ishikawa-MPA/shNC) were subcuta-
neously injected into the right armpit region of balb/c nude
mice separately (groups =2, n = 6). The animal studies were
approved by the Institutional Animal Care and Use Com-
mittee of Wujin Hospital Affiliated with Jiangsu University.
Animal studies were performed in accordance with institu-
tional guidelines.

2.3. FBXL16 shRNA Transfection. Cell transfection with
FBXL16 shRNA was conducted according to the previous
work. Briefly, Lipofectamine 3000 (Invitrogen, USA) was
used for performing transfections according to the manufac-
turer’s protocols. The MPA-resistant Ishikawa cells were
treated with the pTRIPZ inducible lentiviral shRNA target-
ing FBXL16, using an empty pTRIPZ lentiviral vector as
the negative control. All transfection experiments were
carried out according to the manufacturer’s instructions
(Horizon Discovery).

2.4. Quantitative Real-Time Polymerase Chain Reaction
(RT-gPCR). Total RNA was extracted from cells and tissues
with TRIzol reagent (Invitrogen, USA). Prime Script RT
master mix (Takara, Japan) was added for reverse transcrip-
tion of total RNA. SYBR Premix Ex Tag™ II (Takara, Japan)
was used for the examination of gene expression based on the
244<T method. GAPDH was employed as the internal refer-
ence. Primers of FBXL16, cyclin D1, cyclin E1, and GAPDH
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were listed in the Supplementary Table SI1. Three

independent assays were requested.

2.5. Western Blot Analysis. Ishikawa cells were treated with
EBC buffer (Roche Diagnostics) and 1mM phosphatase
inhibitor mixture II (Sigma-Aldrich). SDS-PAGE was
applied by transferring the proteins onto nitrocellulose
membranes. 5% nonfat milk in PBS with Tween 20 was sub-
sequently utilized to block the membranes. Afterward, the
membranes were incubated with primary antibodies against
GAPDH (CST, Cat. No. 51748, 1:1000), FBXL 16 (Merck,
Cat. No. SAB2103554, 1:1000), PP2A-A%P (Santacruz, Cat.
No. sc-13600, 1:800), PP2AB>® (Santacruz, Cat. No. sc-
81606, 1:800), PP2AC (Santacruz, Cat. No. sc-13601,
1:800), cyclin D1 (Abcam, Cat. No. ab182858, 1:3000), cyclin
D1 phosphor T286 (Abcam, Cat. No. ab62151, 1:1000),
AKT1 phosphor T308 (Abcam, Cat. No. ab278565, 1:1000),
GSK3f (Abcam, Cat. No. ab32391, 1:2000), and ki-67
(Abcam, Cat. No. ab184787, 1:1000) overnight at 4°C. After
being washed with 1x TBST, the membranes were incubated
with respective secondary antibodies conjugated with horse-
radish peroxidase for 1 h at room temperature. The protein
bands were visualized with Immobilon™ Western Chemilumi-
nescent HRP Substrate (Millipore Corporation, Cat. No.
WBKLS0500), and the images were captured on the visualiza-
tion instrument Tanon-5200 (Tanon, China).

2.6. Colony Forming Assays. To assess effects on colony for-
mation, transfected Ishikawa cells and negative control were
seeded at 500 cells/mL in 6-well plates for growing for about
14 days. Finally, cells were stained with crystal violet. Colo-
nies containing >50 cells were counted.

2.7. Annexin V Detection for Apoptosis. Cells were collected
and placed into 6-well plates for siRNA treatment. The cells
were then harvested at a concentration ofl x 10°cells/mL. A
flow cytometer was used following the instruction (BD Bio-
sciences, Franklin Lakes, N, USA), and the Annexin V-APC/
7-AAD double staining kit was purchased from Jiangsu
KeyGEN BioTECH. After 15min of staining, samples were
analyzed by flow cytometry. Each group of samples was
repeated independently three times.

2.8. Cell Cycle Assessment. DNA content detection of the
treated cells was carried out in the BD Calibur procedure,
and the DNA content assay was purchased from Jiangsu
KeyGEN BioTECH. After two hours in cold 70% (v/V)
ethanol solution, cell samples were stained by following the
instruction of the assay. Each group of samples was repeated
independently three times.

2.9. Cell Viability Assay. For cell viability analysis, cells were
plated in a 96-well plate at 5000 cells per well, approxi-
mately. The following day, cells were exposed to different
concentrations of MPA, and after 72-hour exposure, cell
survival was assessed with the Cell Counting Kit-8 in
accordance with the recommended guideline (KeyGEN
BioTECH, Nanjing, China). The half-maximal inhibitory
concentration (IC;,) curves of MPA resistance in Ishikawa
cells were calculated by the GraphPad 7.0 software.
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2.10. 5-Ethynyl-2'-deoxyuridine (EAU). The effects of
FBXL16 on cell proliferation were analyzed by EdU staining
(Riobio, Guangzhou, China). Briefly, 2000 cells were placed
into 96-well plates and incubated with 10nM EdU, for 24
hours. Afterward, PBS was used to wash the wells, and the
cells were fixed with 4% paraformaldehyde and stained
according to the manufacturer’s instructions. Later, the
images were recorded with a fluorescence microscope (Leica
DMI6000B).

2.11. Ubiquitination Assay. To determine the ubiquitination
level in vivo, Ishikawa cells were dissolved and boiled in
ubiquitination buffer containing 1% SDS at 95°C for
10 min. The denatured cell lysates were then mixed with an
SDS-negative control buffer until the final concentration of
SDS was 0.2% (w/V). The lysates were uploaded in an
SDS-PAGE and immunoblotted with anti-E3 ubiquitin
ligase (1:3000) and anticyclin D1 (1:1000), respectively.

2.12. Immunoprecipitation. For analysis of FBXL16 and PP2A
interaction, Ishikawa cells were treated with 100 1M nocoda-
zole for 4 hours and lysed in NP-40 lysis buffer. Antibodies
to PP2A/C subunits (Santa Cruz, sc-80665), PP2AB>>* (Santa
Cruz, sc-81606), PP2A/A subunits (Santa Cruz, sc-56954),
and FBXL16 (Thermo Fisher, PA5-58818) were incubated
with cell extracts at 4°C for 16 hours. Antibody-protein com-
plex was bonded to protein A/G beads and then subjected to
western blot after washing 3 times with NP40 lysis buffer.

2.13. Protein Stability. To measure protein stability, Ishikawa/
MPA with shRNA-NC and shFBXL16 cells was treated with
cycloheximide (CHX, working concentration at 100 yg/mL)
during indicated times. The expression of cyclin D1 and cyclin
E was measured by western blot analysis.

2.14. HE and IHC Staining. The tissues were collected and
then soaked in 4% formalin. Later, they were dehydrated
and embedded in paraffin. A microtome was used to acquire
sections with a thickness of 5 ym. Subsequently, H-E stain-
ing was conducted. Sections for IHC were stained with
FBXL16 and Ki67.

2.15. Statistical Analysis. Data and graphics were reported
using GraphPad Prism (v9.0). All data were performed in
three independent repetitions, and the data from each group
are presented as mean +SD. Group comparisons were
assessed by one-way ANOVA or Fisher’s exact test. P < 0.05
was used to determine the statistical significance.

3. Results

3.1. FBXL16 Is Highly Expressed in MPA-Resistant
Endometrial Cancer Tumors. Based on the TCGA database,
FBXL16 presented a high expression level in 174 cases of
Uterine Corpus Endometrial Carcinoma (UCEC) tissues rel-
ative to 91 cases of normal tissues (Figure 1(a)). Therefore,
the expression profile of FBXL16 in cancer and adjacent tis-
sues of endometrial cancer associated with estrogen resis-
tance was further investigated by RT-PCR. Clinical samples
were collected from 30 clinical patients for FBXL16 profile

analysis. As illustrated in Figure 1(b), an increased mRNA
level of FBXL16 could be observed in the endometrial cancer
group while the normal control showed a very low expres-
sion. It implied that the expression of FBXL16 in normal tis-
sues and endometrial cancer tissues was significantly
different. The carcinoma tissues and pare-carcinoma tissues
were furtherly conducted immunohistochemistry (IHC) to
show the expression of FBXL16. And a statistical analysis
on the collected samples was performed. As shown in
Figure 1(c), the expression level of FBXL16 protein in the
endometrial cancer patient group was significantly higher
than that of the normal healthy group (**P <0.01). And
in Figure 1(d), the mRNA expression level of FBXL16 was
remarkably higher in MPA-sensitive endometrial cancer tis-
sues (EC/s) than that in MPA-resistant endometrial cancer
tissues (EC/r). These results suggested that FBXL16 was
commonly and highly expressed in patients with endome-
trial cancer, indicating a role of FBXL16 in the pathogenesis
of endometrial cancer.

3.2. FBXL16 Knockdown Inhibited Cell Proliferation and
MPA Resistance of Ishikawa. As the qQPCR result showed in
Figure 2(a), Ishikawa was identified with the highest expres-
sion of FBXL16 to be the appropriate cell line in this study
for further verifying the internal mechanism of the associa-
tion in vitro, and MPA-resistant cell line was established
by continuous administration of increasing concentration
(0.1-128 pg/mL) MPA inducement to Ishikawa cells. Com-
pared with the parent Ishikawa (Ishikawa/P), the MPA resis-
tance ratio was about 3.3 times higher in MPA-resistant
Ishikawa (Ishikawa/MPA) (see details in Supplementary
Figure S1). FBXL16 was highly increased in the Ishikawa/
MPA group compared to the Ishikawa/P group by qPCR
validation (Figure 2(b)). To clarify the biological function
of FBXL16, three different shRNA against FBXL16
(designated as shRNA 01-03) were utilized to knockdown
FBXL16 in Ishikawa/MPA. shRNA-3 exhibited a significant
decrease in endogenous FBXL16 expression (Figure 2(c));
therefore, we selected shFBXL16-03 and shRNA-NC for
lentivirus packaging to screen the stable transfected
Ishikawa/MPA cell line (Ishikawa-MPA/shFBXL16) and its
negative control cell (Ishikawa-MPA/shNC) for the
subsequent experiments. Next, cell function assays were
subsequently implemented to determine the function of
FBXL16 in Ishikawa cells. As indicated in colony formation
assays, the number of colonies was reduced after FBXL16
knockdown in Ishikawa-MPA/shFBXL16 compared to
Ishikawa-MPA/shNC (Figure 2(d)). Consistently, the EdU
positive rate of stained cells was lessened as FBXL16 was
downregulated in Ishikawa-MPA/shFBXL16 (Figure 2(e)). In
addition, FBXL16 knockdown led to an augment on
apoptosis rate in the Ishikawa-MPA/shFBXL16 group, by
Annexin V-APC/7-AAD  staining (Figure 2(f)) and
arrestment in Gl phase by DNA content detection
(Figure 2(g)) by flow cytometry analyses. The cell growth
curve and IC,, of MPA in Ishikawa-MPA/shFBXL16 and
Ishikawa-MPA/shNC ~ were listed in Supplementary
Figure S2-1 and S2-2. All these data revealed a positive
association of FBXL16 in cell cycle regulation and tumor



4
6 *
—
5 :
4 %

FBXL 16 expression in TCGA normal and GTEx data
w
|

UCEC

(Num (T) = 174; Num (N) = 91)

Journal of Immunology Research

15

Relative expression of
FBXL 16 in clinical tissues

@ Carcinoma tissue
B Para-carcinoma tissue

(®)

kskskok

T

Relative expression of FBXL16 mRNA
( Normalized by GAPDH)

I
FBXL16

—e— EC(s)
—e— EC (1)

(d)

Ficurg 1: FBXL16 is highly expressed in MPA-resistant endometrial cancer tumors. (a) Box plot from GEPIA2 database indicated the
expression of FBXL16 in UCEC tissues. (b) RT-qPCR examined the expression of FBXL16 in endometrial cancer tissues and paracancer
tissues (group = 2, n = 30). (c) Immunohistochemistry analysis of FBXL16 expression in endometrial cancer tissues and paracancer tissues. (d)
RT-qPCR assessed the expression of FBXL16 in EC/r and EC/s (group = 2, n = 15). Results are presented as mean + SD. *P < 0.05. **P < 0.01.

***P <0.001.

proliferation promotion in MPA-resistant endometrial cancer
cell, Ishikawa/MPA.

3.3. FBXLI6 Stabilized Cyclin DI Protein by Indirect
Interactions. In view of the above results, we further verified
whether cyclin D and cyclin E were also decreased after
FBXL16 knockdown in Ishikawa/MPA [16-19]. As
expected, cyclin D1 and cyclin E1 were also significantly

decreased with FBXL16 knockdown in real-time PCR
(¥%P <0.05) (Supplementary Figure S3). We doubted
whether FBXLI16, to some extent, was responsible for the
stability of cyclin D1 and cyclin E. Therefore, we
conducted the protein stability test of cyclin D1 and cyclin
E by 100 ug/mL CHX treatment by a processing time for a
series of gradient (Omin, 30min, 60min, 90 min, and
120 min), respectively. It was found that compared to the
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FiGure 2: FBXL16 knockdown inhibited cell proliferation and MPA resistance of Ishikawa. (a) RT-qPCR examined the expression of
FBXLI16 in endometrial cancer cell lines in comparison with human immortalized endometrial epithelial cells (EEC-1). (b) RNA level of
FBXL16 validated by RT-qPCR in parent Ishikawa cells (Ishikawa/P) and Ishikawa cells resistant to MPA (Ishikawa/MPA). (c)
Transfection efficiency of shFBXLI16 in transfected Ishikawa/MPA cells by RT-qPCR. (d) Colony formation assay of Ishikawa/MPA with
the shRNA-NC group or shFBXL16 group. (e) EAU incorporation assay of Ishikawa/MPA with the shRNA-NC group or shFBXL16
group. (f) Apoptosis detection of Ishikawa/MPA with the sShRNA-NC group or shFBXL16 group by Annexin V-APC/7-AAD method.
(g) DNA content detection of Ishikawa/MPA with the sShRNA-NC group or shFBXL16 group by PI staining. Results are presented as
mean + SD. *P < 0.05. **P <0.01. ***P <0.001.
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shFBXL16 negative control group (Ishikawa-MPA/shNC),
cyclin D1 of Ishikawa-MPA/shFBXL16 appeared much less
stable over time, with a significant difference of groups
(*%P < 0.05); meanwhile, the stability of cyclin E also has
dropped in the Ishikawa-MPA/shFBXL16 group, but with
no significant difference (Figures 3(a) and 3(b)). However,
the immunoprecipitation results of FBXL16 and cyclin D1
were negative both in the shFBXL16 and shRNA-NC groups
of Ishikawa, suggesting that FBXL16 may not directly bind
cyclin D1 to affect protein stability (Figure 3(c)). Based on
the above results, we concluded that FBXL16 may regulate
the cell cycle of Ishikawa and promote tumor proliferation
through some indirect regulations to stabilize cyclin D1 at
the protein level.

3.4. FBXL16 Dephosphorylated and Stabilized Cyclin DI
Protein by Regulating Akt1/GSK-3f Signaling Pathway in a
PP2AP** Manner. Based on our experimental results and
previous studies reported, FBXL16 can regulate the phos-
phorylation activity of PP2A substrate in combination with
PP2A/B/C, and FBXL16 may also have some antagonistic
effect on FBW7 to inhibit the ubiquitination of SCF™®"”
substrate [10, 20]. Therefore, we boldly envisage whether
FBXL16 may stabilize or promote the expression of cyclin
D1 by inhibiting the ubiquitination or phosphorylation of
cyclin D1. The preliminary immunoprecipitation detection
results showed that there was no binding FBW7 positive
band (Supplementary Figure S4) in either the negative
control or the Ishikawa/MPA after FBXL16 knockdown.
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FIGURE 4: FBXL16 dephosphorylated cyclin D1 by regulating Akt1/GSK-38 signaling pathway via binding PP2A®>**. (a) Western blot
analyses of cyclin D1 and phosphor-cyclin D1 (T286) in Ishikawa/MPA with shNC and shFBXL16 cells. (b) Coimmunoprecipitation of
E3 ligase and cyclin D1 in Ishikawa/MPA cells with the ShERNA-NC or shFBXL16 group. (c) Coimmunoprecipitation of FBXL16, PP2A-A o/f,
PP2A-B55«, and PP2A-C in Ishikawa/MPA cells with the shRNA-NC or shFBXL16 group. (d) Western blot analyses of phosphor-cyclin
D1 (T286) and GSK3pB/AKT1 pathway in Ishikawa/MPA with shNC and shFBXL16 cells. Results are presented as mean + SD. *P < 0.05.

**P<0.01. ***P <0.001.

Therefore, we carried out further studies on the correlation
between FBXL16, PP2A/B/C, and cyclin D1 in ubiquitination
and phosphorylation.

Compared with the shFBXL16 negative control group,
the phosphorylation level of cyclin DI showed that the
thr286 site was significantly upregulated in the FBXL16
knockdown group (Figure 4(a)), and the corresponding E3
ubiquitination level was also upregulated (Figure 4(b)),
which was consistent with previous reports; the Thr286 site
may be related to the ubiquitination recognition site of

cyclin D1 [21], and the phosphorylation of this site may lead
to the E3 ligase recognition of the protein, resulting in ubiq-
uitination degradation. Next, we further verified the changes
of phosphorylation substrates of three main subunits of
PP2A by IP and western blot, and PP2AP*** was confirmed
to bind to FBXL16 in IP products (Figure 4(c)). The B55« sub-
unit of protein phosphatase 2A (PP2A) has been implicated in
AKT dephosphorylation [22-25]. AKT1/GSK-3p/cyclin D1
pathway was subsequently examined by phosphorylated pro-
tein level in western blot. The phosphorylation level of Aktl



10 Journal of Immunology Research

25 -
Ishikawa-MPA/shNC =
Z 20 A
=
=4
:
()
Ishikawa-MPA/shFBXL16 § 15 4
0t
0 3 6 9 12 15 18 21 24 2
Days
—e— Ishikawa-MPA/shNC :l s
—m— Ishikawa-MPA/shFBXL16
1500 - 1.0 1 ok
—~ P
“ °
: s ol
= 1000 - = q
& % 0.6
%’ 2 ®le
5 04 —
550 g =
=
£ £ 02 ____‘-_F
=
0 - — T T 0.0 T T
0 3 6 9 12 15 18 21 24 27 @) o
s &
Days Q\p\ L
> S
B ﬂ@’ QY’
—eo— Ishikawa-MPA/shNC NG >
~m Ishikawa-MPA/shFBXL16 | ** & &_,g%“’
&
()
Ishikawa-MPA/shNC Ishikawa-MPA/shFBXL 16

FBXL16

S PR R

C B
B

Ficure 5: FBXL16 promotes MPA resistance and proliferation of endometrial cancer tumors in vivo. (a) The xenografts from nude mice
inoculated in Ishikawa-MPA/shNC and Ishikawa-MPA/shFBXL16 cells. The tumor volumes in nude mice and mouse weight were
determined for 27 days. Mean tumor weights at day 27 were determined. (b) H-E staining and THC analysis of Ki-67, FBXL16, and

phosphor-cyclin D1 (T268) were performed in the tumor tissue sections of Ishikawa-MPA/shNC and Ishikawa-MPA/shFBXL16. Data
are represented as mean + SD (n =5 per group).
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at thr308 site and cyclin D1 at thr286 was significantly
improved in Ishikawa-MPA/shFBXL16 compared to the
shNC group; meanwhile, the expression of GSK-3 was also
greatly upregulated in the knockdown group (P < 0.05)
(Figure 4(d)). These data indicated that FBXL16 dephosphor-
ylated cyclin D1 by re§ulating Akt1/GSK-3f signaling path-
way via binding PP2A™>>*,

3.5. FBXL16 Promotes MPA Resistance and Proliferation of
Endometrial Cancer Tumors In Vivo. Finally, to further
explore the role of FBXL16 in proliferation and MPA-
resistance of endometrial cancer in vivo, tumor bearing
model on nude balb/C mice was established. The mice were
subsequently injected with Ishikawa with shNC lentiviral
vector (Ishikawa-MPA/shNC) or with shFBXL16 lentiviral
vector (Ishikawa-MPA/shFBXL16), compared to which were
directly injected with Ishikawa/P and Ishikawa/MPA. Nude
mice were sacrificed after 28 days of tumor bearing, and
tumor volume and weight were analyzed to determine tumor
growth rate. Tumor volume of the Ishikawa-MPA/
shFBXL16 group was similar to that of Ishikawa/P, both of
which were smaller than that in the Ishikawa/MPA and
Ishikawa-MPA/shNC groups (Figure 5(a)). Moreover, HE
analysis and Ki67, FBXL16, and cyclin D1 (phosphor
T268) were analyzed by IHC staining (Figure 5(b)). In sum-
mary, our results demonstrated that FBXL16 promoted
MPA resistance of Ishikawa cell by PP2A®**® interaction
and AKT1/GSK3p/cyclin D1 pathway in endometrial carci-
noma, while knockdown of FBXL16 can reverse the MPA
resistance of Ishikawa.

4. Discussion

Although the F-box proteins have been recognized to play an
important role in cell proliferation and tumor generation
[26-28], the function of FBXL16 in endometrial carcinoma is
virtually unknown. Compared to other F-box proteins,
FBXL16 may have distinct functions since it does not form a
stable ligase complex [10-12, 29, 30]. In our experiment,
FBXL16 was demonstrated to enhance MPA resistance in
endometrial cancer cells. FBXL16 could promote cell prolifera-
tion and accelerate the G1-phase, which contributed to tumor
generation in nude mice. Results in vivo also demonstrated that
this effect could be reversed through inhibiting the expression
of FBXL16. Moreover, the immunohistochemical results
showed the highly positive correlation between Ki67 and
FBXL16, implying the oncogenic role of FBXL16 in endome-
trial carcinoma. These findings also indicated the great poten-
tial of FBXL16 as a therapeutic target in endometrial
carcinoma and other tumors.

FBXL16/PP2A®>** promoted the dephosphorylation of
Aktl and downregulated the expression of GSK3p, which
inhibited the phosphorylation and ubiquitylation level of
cyclin D1 in the downstream signaling pathway. The abnor-
mal expression of FBXL16 facilitated the MPA resistance of
endometrial cancer by stabling the cyclin D1 protein; how-
ever, the proteasome-dependent degradation of cyclin D1
recognized by ubiquitinated E3 ligase was not the only one
mechanism of MPA resistance. Further study on transcrip-
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tion profiling or protein profiling of FBXL16 overexpression
or knockdown in endometrial cancer cells could be expected
in the future.

It is worth mentioning the limitations of the coimmuno-
precipitation experiment. Due to the sensitivity of coimmu-
noprecipitation and expression abundance of proteins,
direct binding of FBXL16 to cyclin D1 was not found in this
study, but the possibility of binding of FBXL16 to cyclin D1
could not be completely denied.

This study was to verify whether there is a direct binding
combined with PP2A"*** and cyclin D1 in mammal cells at
the beginning; after all in the yeast, researchers can fully
demonstrate the direct combining the homologous analogue
PP2A"** with cyclin D1. But unfortunately, in endometrial
carcinoma model in this study, the two also have no positive
in combination with the results. The regulatory mechanism
of cyclin D1 remains to be further explored in the future.

Our work revealed that the abnormal expression of
FBXL16 in Ishikawa cells led to the inhibition of GSK3j-
dependent cyclin D1 degradation and ultimately the promo-
tion of MPA resistance in endometrial carcinoma. Inhibiting
the expression of FBXL16 may be new direction for proges-
terone treatment resistance in endometrial carcinoma.
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Ishikawa-MPA/shFBXL16 and Ishikawa-MPA/shNC cells
performed by real-time PCR. Figure S4: the protein expres-
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