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ABSTRACT

Emerging documents revealed that E2 enzyme family has been implicated in regulating the progression
of numerous human cancers. Ubiquitin-conjugating enzyme E2 J1 (UBE2J1), a member of E2 enzyme
family, has been reported to participate in the biological process of medulloblastoma, while little is known
about its functionality in endometrial cancer (EC). Gene expression at the mRNA and protein levels were
identified using RT-qPCR and western blot analysis, separately. The alteration on cell proliferation,
adhesion, migration, invasion, and epithelial-mesenchymal transition (EMT) process was determined
through 5-Ethynyl-2'-deoxyuridine, cell adhesion, wound healing and transwell assays as well as western
blot analysis. The role of UBE2J1 in xenograft tumor in mice was determined. Luciferase reporter and
chromatin immunoprecipitation assays were conducted to reveal the undering mechanism of UBE2J1. Our
results indicated that UBE2J1 displayed high level in EC tissues and cells and predicted poor prognosis of
EC patients. In addition, UBE2J1 depletion inhibited cell proliferation, adhesion, motion, EMT process
invitro, and repressed tumor growth invivo. Rescue assays manifested that ethyl 2-amino-6-chloro-4-(1-
cyano-2-ethoxy-2-oxoethyl)-4H-chromene-3-carboxylate treatment reversed the effects of UBE2J1 on
PI3K/AKT pathway activation and malignant phenotypes of EC cells. Finally, zinc finger X-chromosomal
protein (zfx), with high expression in EC tissues, was verified to activate UBE2J1 transcription by binding to
UBE2J1 promoter. In conclusion, all facts signified that zfx-induced upregulation of UBE2J1 accelerated
the progression of EC via regulating the PI3K/AKT signaling pathway, which suggested that UBE2J1 might
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be of great significance in probing into the underlying therapeutic strategies of EC.

Introduction

Endometrial carcinoma (EC), as a kind of gynecologic cancer,
ranks the fifth in cancer-associated malignancies in females. EC
has been widely concerned on account of its ever-increasing
incidence." Known factors including diets, diabetes, female
hormone, and genetic factors were reported to be closely asso-
ciated with the initiation and progression of EC.>™* Clinical
outcomes revealed that hysterectomy, radiotherapy and lym-
phadenectomy significantly reduced the mortality of patients
with early EC, while the survival rates of patients with
advanced metastatic EC remain quite unsatisfactory.” The
5-year survival rate of EC patients at stage I is 96%, while the
5-year survival rate of patients at stage IV is only 17%.
Therefore, elucidating EC pathogenesis and understanding
the underlying mechanisms of EC development have become
the first issue we need to address.

E2 enzyme family consists of approximately 40 ubiqui-
tin E2 family genes and many of which are involved in
human diseases.® Different E2 enzymes affect different
kinds of ubiquitin linkages.”® Ubiquitin-conjugating
enzyme E2 J1 (UBE2J1), also known as Ubc6, a member
of the E2 ubiquitin-conjugating enzyme family, is located

on the cytoplasmic surface of the endoplasmic reticulum.’
Currently, it has been reported that UBE2]1 is engaged in
the progression of protein degradation in several investi-
gations. For example, UBE2J1 plays a critical role in
degrading misfolded proteins in endoplasmic reticulum.'’
The c¢-IAP1/TRAF2 complex translocated to Ubc6-
containing section and TRAF2 ubiquitination was caused
by TNF-a.!' Additionally, it has been reported that
UBE2]1 is implicated in the progression of human carci-
nomas. A literature has pointed out that UBE2]J1 partici-
pates in the progression of human medulloblastoma.'?
UBE2]J1 is identified to be upregulated in prostatic cancer
(PCa) and it serves as a prognosis biomarker for PCa
patients.'> However, the role and potential mechanism of
UBE2]1 in EC remain completely unknown.

It is well-recognized that PI3K/AKT often displays activation
status during cancer initiation and development. In addition, the
PI3K/AKT signaling pathway is associated with plenty of cancer
cell activities.!*!® For instance, a study has manifested that
IncRNA KCNQI1OT1 promotes the proliferative and migratory
abilities of colorectal cancer cells through modulating the PI3K/
AKT pathway.'® Another document proposed that IncRNA
LINCO01305 deficiency suppresses EMT process via the PI3K/
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Figure 1. UBE2JI is highly expressed in EC tissues and cells and predicts poor prognosis. (a) RT-qPCR analysis was performed to examine UBE2J1 expression in EC tumor
tissues (n = 32) and adjacent non-tumor endometrial tissues (n = 32). (b) UBE2J1 expression was detected in normal endometrial cells (hESC) and in EC cells (Ishikawa,
HEC-1B, RL95-2 and AN3CA) by RT-qPCR. (c) The correlation between UBE2J1 level and disease-free survival time of EC patients. *P < .05, **P < .01.

Akt signaling in lung cancer.'” Moreover, IncRNA LINP1 exerts
the oncogene role in EC development with the regulation of the
PI3K/AKT signaling pathway.'® All these fully certified the
crucial function of PI3K/AKT signaling pathway in cancers,
including EC. It has been reported that Ubc9, another protein
of ubiquitin-conjugating enzyme family, can activate PI3K/
AKT.*% However, whether UBE2J1 modulates the PI3K/AKT
signaling pathway to exert certain function in EC has not been
elucidated.

Our research aimed to investigate biological role and
underlying molecular mechanism of UBE2J1 in EC. Our
findings demonstrated that zfx-induced upregulation of
UBE2]J1 elicits the cancerogenic function via regulating
PI3K/AKT, which may provide further insights and impli-
cations for EC therapy.

Results

UBE2JI is highly expressed in EC tissues and cells, and
predicts adverse prognosis

First, UBE2]1 expression status was detected in EC tumor
tissues by RT-qPCR analysis and the results elucidated
that UBE2]1 expression level was significantly elevated in
EC tissues (n = 32) relative to the adjacent non-tumor
endometrial tissues (n = 32) (Figure la). In addition,
compared with the corresponding normal endometrial
cells (hESC), UBE2]1 expression was up-regulated in EC
cells (Ishikawa, HEC-1B, MFE-296, and AN3CA), espe-
cially in Ishikawa and MFE-296 cells(Figure 1b). Hence,
these two cell lines were selected for further experiments.
Importantly, as exhibited in Figure 1c, data from Kaplan-
Meier Plotter website (https://kmplot.com/) shown that
patients with higher UBE2]1 level have shorter disease-
free survival (DFS) time while patients with low UBE2]1
expression present high OS rate. To conclude, UBE2]1

displayed high level in EC tissues and cells, and predicted
unfavorable prognosis of EC patients.

UBE2J1 depletion suppresses EC cell proliferation,
adhesion, and motion

To investigate the biological role of UBE2]J1 in EC cells,
we conducted a serious of functional experiments. UBE2]1
level was effectively knocked down by transfecting sh-
UBE2]1 into Ishikawa and MFE-296 cells (Figure 2a).
UBE2]1-depletion induced decreased viability of Ishikawa
and MFE-296 cells (Figure 2b). By performing EdU assay,
we observed that number of EdU-positive cells was
reduced by UBE2J1 downregulation (Figure 2c). In addi-
tion, cell adhesion assay suggested that EC cell adhesion
activity of Ishikawa and MFE-296 cells was weakened by
UBE2]1 silencing (Figure 2d). Next, we aimed to investi-
gate the effects of UBE2]J1 on EC cell motion. The result of
wound healing assay revealed that UBE2J1 knockdown
decreased the number of migrated Ishikawa and MFE-
296 cells (Figure 2e). Similarly, we found that the invasive
capacity of Ishikawa and MFE-296 cells was suppressed by
transfection with sh-UBE2J1 through transwell assay
(Figure 2f). In subsequent western blot analysis, in com-
parison with the sh-NC group, low MMP2, MMP9,
N-cadherin, and Vimentin protein levels as well as the
high E-cadherin protein level were observed in UBE2]1-
silenced Ishikawa and MFE-296 cells (Figure 2g). These
findings verified that knockdown of UBE2J1 resulted in
a suppressive effect on ECcell malignant phenotypes.

UBE2J1 facilitates EC tumor growth in vivo

Next, we aimed to probe into the effect of UBE2J1 on EC
tumor growth in vivo. Nude mice were subcutaneously
injected with Ishikawa cells pre-transfected with sh-NC or
sh-UBE2J1. Four weeks later, tumor volume and weight
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Figure 2. UBE2J1 depletion suppresses EC cell growth. (a) The interference efficiency of sh-NC or sh-UBE2J1 in Ishikawa and MFE-296 cells was determined utilizing RT-
gPCR analysis. (b) MTT assay was adopted to examine the effect of sh-NC or sh-UBE2J1 on Ishikawa and MFE-296 cell viability. (c) Examination for cell proliferation was
conducted by EdU assay in UBE2J1-silenced Ishikawa and MFE-296 cells. (d) Cell adhesion activity was examined in Ishikawa and MFE-296 cells upon UBE2J1
knockdown. (e-f) The effects of sh-NC or sh-UBE2J1 on Ishikawa and MFE-296 cell migration and invasion were tested via wound healing assay and transwell assay,
separately. (g-h) Western blot analysis was used to test MMP2, MMP9, E-cadherin, N-cadherin, and Vimentin protein levels. **P < .01, ***P < .001.

were measured after excising the tumors from those nude
mice. Compared with the sh-NC group, the final tumor
volume and weight were reduced in sh-UBE2J1 group,
indicating that UBE2J1 knockdown limited tumor growth
and tumor weight invivo (Figure 3a-B). In addition, with
the implementation of RT-qPCR analysis, we found the
down-regulated UBE2]J1 level in sh-UBE2J1 group com-
pared with sh-NC group (Figure 3c). These data signified
that UBE2]1 deficiency inhibited EC tumor growth invivo.

UBE2J1 activates the PI3K/AKT pathway to facilitate EC
cell growth

Recently, many researchers have certified that the activation of
PI3K/AKT signaling pathway promotes the proliferative and
invasive capacities of EC cells.””** Ubc9, a member of the E2
ubiquitin-binding enzyme family, has been reported to activate
PI3K/AKT."”*° Considering UBE2J1 is a member of the E2
ubiquitin-binding enzyme family, we speculated that UBE2]1
might also activate the PI3K/AKT pathway to facilitate EC cell
growth. As shown in Figure 4a, p-AKT and p-PI3K protein
levels were apparently decreased in response to UBE2]1 knock-
down. Moreover, Sc79 (the activator of AKT) treatment
regained phosphorylation level of PI3K and AKT resulting
from UBE2J1 knockdown, suggesting that UBE2]1 exerts sig-
nificant effect on the activation of PI3K/AKT pathway (Figure
4b). To further validated that UBE2]J1 mediates cell malignant
phenotype via PI3K/AKT signaling, Ishikawa and MFE-296
cells were treated with Sc79. According to MTT and EdU
assays, UBE2]1 deficiency-repressed cell viability and prolifera-
tion was counteracted by Sc79 treatment (Figure 4c-e).
Additionally, the inhibitive effects of UBE2]1 knockdown on
cell adhesion was reversed by Sc79 treatment (Figure 4f). The
suppressive influence of UBE2J1 deficiency on migratory and
invasive abilities was also retrieved by treatment of Sc79
(Figure 4g-i). Additionally, Sc79 treatment countervailed the
effects of UBE2]1 depletion on MMP2, MMP9, E-cadherin,
N-cadherin, and Vimentin protein levels (Figure 4j-k).

Conclusively, these results suggested that UBE2]1 accelerated
EC cell growth via the activation of the PI3K/AKT pathway.

Zfx binds to UBE2J1 promoter

We then investigate the upstream mechanism of UBE2]1 upre-
gulation in EC tissues and cells. Increasing researches have
manifested that transcription factors (TFs) can activate gene
transcription to upregulate mRNAs in EC.>>"** Moreover,
UBE2]J1 was proposed to be transcriptionally activated by zfx
in hepatocellular carcinoma.'” In our study, zfx expression was
found to be upregulated in EC tissues (Figure 5a), and data from
GEPIA (http://gepia2.cancer-pku.cn/) website indicated that
UBE2]1 is positively correlated with zfx in EC tissues (Figure
5b). Therefore, we conjectured that zfx might be implicated in
the transcriptional activation of UBE2]1 expression in EC cells.
First, zfx expression was knocked down with the transfection of
sh-zfx into Ishikawa and MFE-296 cells (Figure 5¢). Data from
RT-qPCR analysis delineated that UBE2J1 expression was
decreased by sh-zfx (Figure 5d). Based on UCSC (http://gen
ome.ucsc.edu/) and JASPAR (http://jaspar.genereg.net/), four-
teen putative binding sites between Zfx and UBE2]J1 promoter
were predicted (supplementary table 1), and the binding motif
was shown in Figure 5e. The top 4 with higher binding score
were selected for further exploration. The ChIP assay demon-
strated that zfx was enriched in P1 and P2 group, implying that
zfx bind with UBE2]1 promoter at P1 and P2 region (Figure 5f).
Furthermore, luciferase reporter assay showed that knockdown
of zfx suppressed luciferase activities of UBE2]1 promoter of
sitel/2-Wt, while sitel/2-Mut displayed no differentiated
expression in EC cells (Figure 5g), suggesting that zfx binds
with sitel and site2 of UBE2]J1 promoter. Overall, zfx bound
with UBE2]1 promoter to activate the transcription of UBE2]1.

Discussion

E2 family members are pivotal to the formation of ubiquitin
chains, and UBE2]1, as a member of E2 family, participates in
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Figure 4. UBE2J1 activates the PI3K/AKT pathway to facilitate EC cell growth. (a) The expression levels of p-AKT and p-PI3K were detected by western blot analysis in sh-
NC and sh-UBE2J1 groups. (b) p-AKT and p-PI3K expression was examined in sh-NC, sh-UBE2J1 and sh-UBE2J1+ Sc79 groups. (c-e) In UBE2J1-silenced EC cells, the
viability and proliferation were respectively detected by MTT and EdU assays after Sc79 treatment. (f) Cell adhesion assay was utilized to detect cell adhesion activity
after sh-UBE2J1 transfection and Sc79 treatment. (g-i) The migration and invasion in cells were estimated using wound healing and transwell assays with indicated
transfection and treatment. (j-k) The expression of EMT-related proteins was detected using western blot analysis. **P < .01.

the progression of protein degradation.'®'"***” Recently, it has
been indicated that UBE2]1 is involved in the development of
medulloblastoma,'” and it functions as a prognostic biomarker
for PCa patients.13 Nevertheless, identification of the function
and molecule mechanism of UBE2J1 in EC has not been con-
ducted yet. The results in our current study reported that UBE2]1
was highly expressed in EC tissues and cells. Besides, highly
expressed UBE2]1 predicted adverse prognosis of EC patients.
Functional experiments manifested that UBE2]1 silencing caused
a suppression on EC cell growth via inhibiting cell viability,
proliferation, adhesion, migration, invasion, and EMT process.

In vivo experiments demonstrated that UBE2J1 knockdown
reduced the tumor volume and weight of mice that were
implanted with EC cells. These results implied the oncogenic
function of UBE2]1 in EC.

A myriad of reports disclosed that the PI3K/AKT signaling
pathway participates in various processes of human cancers
such as cell proliferation, migration, angiogenesis, and
lymphangiogenesis.”®* ** For example, IncRNA HOXB-AS3
exacerbates proliferative, and migratory abilities of lung cancer
cells with the activation of PI3K/AKT pathway.’’ LncRNA
TCL6-mediated miR-106a-5p promotes the invasive properties
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of hepatocellular carcinoma cells via modulating the PI3K/
AKT signaling pathway.”> Through the PI3K/Akt signaling
pathway, IncRNA HULC knockdown inhibits angiogenesis in
human gliomas.”® It is revealed by some documents that EC
cell proliferation and invasion can be facilitated by activating
the PI3K/AKT pathway.”**> In recent research, Ubc9, has
been documented to activate the PI3K/AKT pathway."”
Nevertheless, whether UBE2J1 can activate the PI3K/AKT
signaling in EC is unknown. Our research depicted that down-
regulated UBE2]1 inactivate the PI3K/AKT signaling in EC
cells. In addition, restoration assays illuminated that Sc79
treatment reversed UBE2]1 silencing-mediated inhibition in
PI3K/AKT signaling and EC cell growth.

Zinc finger X-chromosomal protein is localized on the
X chromosome and it possesses an acidic transcriptional activa-
tion domain.’® Nowadays, zfx has generated great concern due to
its association with stem cell and human tumor development. It is
reported that zfx exerts a pivotal function in regulating the self-
renewal of embryos and hematopoietic stem cells.”” zfx contri-
butes to the malignancy of laryngeal squamous cell carcinoma,”®
hepatocellular carcinoma,” gastric cancer,*® bladder cancer,*!
and pancreatic cancer.*” It is noteworthy that zfx can function
as a TF to activate the transcription of downstream genes in
diverse human carcinomas.*’ Specifically, zfx was reported to
transcriptionally activate UBE2]1 in hepatocellular carcinoma.'”
Likewise, our study reported that zfx expression was upregulated
in EC tissues and it was in positive correlation with UBE2]1 in EC
tissues. In addition, zfx was validated to combine with UBE2]1
promoter region to activate the transcription of UBE2]1.

Based on our current investigation, it is reasonable to sum-
marize that Zfx-mediated upregulation of UBE2]1 accelerated
EC progression through activating the PI3K/AKT pathway,
which may provide new directions for EC treatment.

Materials and methods

Specimens

The Zhangjiagang First People’s Hospital (Jiangsu, China)
provided EC tissue samples (n = 32) and corresponding adja-
cent normal tissue samples (n = 32) from patients diagnosed
with EC. The patients did not receive any chemotherapy or
radiation before surgery. After the patients underwent hyster-
ectomy, their tissue samples were collected and snap-stored in
liquid nitrogen at —80°C for subsequent experiments. Each
patient signed a written informed consent and understood its
content. This study was approved by the Ethics Committee of
Zhangjiagang First People’s Hospital (Jiangsu, China).

Cell culture and transfection

Human normal endometrium (NE) cell line (hESC) and EC cell
lines (Ishikawa, HEC-1B, MFE-296 and AN3CA) were purchased
from American Type Culture Collection. All cells were incubated
in RPMI-1640 medium which was produced by Invitrogen in
USA. RPMI-1640 medium containing 1/10 FBS and 100 U/mL
penicillin/streptomycin (HyClone, USA) was used in a humidi-
fied environment at 37°C with 5% CO,. The activator of PI3K/
AKT signaling pathway (Sc79, 8 pg/mL) was purchased from
Sigma Aldrich (St Louis, MI). For cell transfection, shRNA of

UBE2J1 (sh-UBE2J1) and zfx (sh-zfx) were adopted to knock
down UBE2]1 and zfx levels with sh-NC as the negative control.
UBE2J1 overexpressing plasmid (pcDNA3.1/UBE2J1) and its
negative control (pcDNA3.1) were designed and generated by
RiboBio (Guangzhou, China). Cell transfection was conducted
for 48 h using Lipofectamine 3000 transfection reagent (Life
Technologies, USA) according to the supplier’s guidelines.

RT-qPCR analysis

TRIzol reagent (Takara, China) was used for extracting total
RNA from EC tissues and cells. The cDNA reverse-
transcription ~ was  accomplished wusing a  Reverse
Transcription Kit (Takara, Dalian, China). SYBR Premix Ex
Taq (Takara) was applied for RT-qPCR analysis on an Applied
Biosystems 7500 Real-Time PCR System. Glyceraldehyde-
3phosphate dehydrogenase (GAPDH) functioned as the inter-
nal reference for mRNA. The primers for RT-qPCR are as
follows:

UBE2]1: forward, 5-CACCATGGAGACCCGCTACAA
CCTG-3"; reverse, 5'-TCACAAACCAGCATTATAACTCA
AAGTC-3".

Ztx: forward, 5'-GGCAGTCCACAGCAAGAAC-3'; reverse,
5-TTGGTATCCGAGAAAGTCAGAAG-3'.

GAPDH: forward, 5'-CCC ATG TTC GTC ATG GGT GT-
3'; reverse, 5'-CCG TTC AGC TCA GGG ATG AC-3'.

Data were calculated through the 274" method.

Western blot analysis

Ishikawa and MFE-296 cells were first lysed by cell lysis
buffer, RIPA (Beyotime, Shanghai, China), following
which the proteins were subjected to 10% SDS-PAGE.
Then, the proteins were moved onto the PVDF mem-
branes in a conventional way. Subsequently, the mem-
branes were cultivated with the primary antibodies

against MMP2 (Abcam, ab92536), MMP9 (Abcam,
ab38898), E-cadherin (Abcam, abl416), N-cadherin
(Abcam, ab76011), Vimentin (Abcam, ab92547), and

GAPDH (Abcam, ab8245) for overnight at 4°C. The
next day, the membranes were cultured with the second-
ary antibodies for 2 h. Imaging Analysis System (Odyssey
Infrared, USA) was used for visualization of the protein
bands at last.

MTT assay

MTT assay was conducted for the detection of cell viability
according to the instructions of manufacturer. The 96-well
plates were used to ensconce the cells (3 x 10°), which were
cultured in RPMI-1640 medium. After transfection at 0, 24, 48,
and 72 h, MTT was added into each well to cultivate the cells
for 4 h. Then, dimethylsulfoxide was supplemented into the
wells and the optical density (OD) was examined at 570 nm.

EdU (5-Ethynyl-2'-deoxyuridine) assay

Transfected cells were inoculated in 96-well plates and incu-
bated with RPMI-1640 for 24 h. Subsequently, 4%



paraformaldehyde was used to immobilize the cells which were
then permeabilized by 0.5% Triton X-100 and dyed with
Apollo dye reaction liquid. Afterward, cell nuclei was stained
with 1x Hoechst33342. EdU-positive cells were observed from
three randomly selected fields under a microscope.

Transwell assay

Transfected Ishikawa and MFE-296 cells were inoculated into
the upper chamber which was coated with Matrigel. Medium
(200 pL) without serum was added to the upper chamber while
the lower chamber was supplemented with 600 pL medium
including 10% FBS. After cell incubation for 48 h, formalde-
hyde (4%) was implemented to immobilize the cells and 0.1%
of crystal violet was utilized for cell staining. Finally, the
invaded cells were visualized through an inverted fluorescence
microscope.

Wound healing assay

Cells were seeded into the 6-well plates and cultured with 2 ml
culture media. When the confluence was up to about 85%, the
pipette tips were utilized to generate a scratch in the mono-
layers. Then, cultivating the cells in 37°C with 5% CO, was
performed, following which an inverted microscope was
applied to photograph the scratch width at 0 and 24 h.

Cell adhesion assay

Cell adhesion assay was performed as required by the manu-
facturer as previously described.** The 96 well-plate that was
blocked with 1% bovine serum albumin (BSA; Sigma-Aldrich)
was coated by fibronectin (100 mg/ml; BD Biosciences, USA) at
37°C for 2 h. Afterward, 3 x 10* cells were plated in the plates
and cultivated for 2 h. PBS was used to discard the non-
adherent cells and 4% PFA (Solarbio, Beijing, China) was
applied for cell immobilization. Finally, a microscope
(Olympus, Japan) was utilized to observe and count the cells.

Animal study

All invivo experiments were performed as instructed by the
regulations of the Use Committee for Animal Care of
Zhangjiagang First People’s Hospital (Jiangsu, China). BALB/
¢ female nude mice (4-6-week-old, n = 10) were purchased
from Vital River Co., Ltd (Beijing, China) and housed under
specific pathogen-free condition. The transfected Ishikawa
cells (4 x 10°) were subcutaneously injected into each mouse.
Tumor volume was examined every 4 days based on the calcu-
lating formula: Volume = 0.5x lengthxwidth®. The mice were
euthanized at day 28, and the tumors were excised for further
experiments.

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was conducted to verify the interaction between zfx
and UBE2]J1 promoter. Briefly, a commercial kit (Upstate
Biotechnology) was employed to perform ChIP assay as per
the product manuals. EC cells were cultivated at 37°C with 5%
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CO,. Then, the anti-zfx was used for chromatin immunopre-
cipitation while anti-IgG functioned as the negative control.
RT-qPCR analysis was performed to examine the level of target
fragment which were purified by elution buffer.

Luciferase reporter assay

Luciferase reporter assay was carried out to detect the combi-
nation between zfx and UBE2]J1 promoter. Briefly, the wild
type or mutant sequences supplemented with sitel/2 in
UBE2]1 promoter region was separately synthesized and sub-
cloned into the pGL3 luciferase vector (Promega, USA) to form
site1/2-WT and sitel/2-Mut. Then, Ishikawa or MFE-296 cells
were co-transfected with sh-zfx or its negative control (sh-NC)
and sitel/2-WT and sitel/2-Mut, separately. Finally, the luci-
ferase activity of UBE2]1 promoter was detected utilizing the
luciferase reporter assay system (Promega, USA).

Statistical analysis

Experimental data was exhibited as the mean + standard devia-
tion. The variance was compared with Student’s t-tests and
ANOVA for two groups and multiple groups, respectively.
Statistical analysis was realized using SPSS version 17.0
(Chicago, USA) software. Each experiment was carried out at
least three times. Pearson’s correlation analysis was used for
correlation analyses. P < .05 suggested a statistically difference.
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