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Abstract
Background: Endometrial cancer is one of the most common malignancies of the female genital tract.
Although the overall �ve-year survival of EC is much higher than other genital tumor, 25% of the total
patients with high risk to develop more aggressive diseases. The metastasis in EC patients is the main
cause of death. The MEK inhibitor, which has signi�cant effect on malignant molenoma, lung cancer and
so on, has bright future in EC.

Method: Here we treated the EC cell line HEC50 and HEC1A with different concentration of RG7420. The
CCK8 was used to detecte the cell proliferation rate. Microarray analyzed the difference of LncRNAs in EC
cells with or without RG7420. Luciferase reporter assay and RNA immunoprecipitation assay(RIP) were
performed to veri�ed the regulation among MALAT1, miR-129-5p and TGF-β-activated kinase 1 (TAK1).
QRT-PCR and WB were used to detect the changes in mRNA and protein levels. We also performed ISH to
detect the MALAT level in EC para�n section.

Results: We found the RG7420 signi�cantly inhibited the viability and mobility of EC cell lines. Then we
analyzed the pro�le of LncRNA in HEC50 with or without RG7420. We found after treated with IC50 of
HEC50, the metastasis-associated lung adenocarcinoma transcript-1(MALAT1) decreased 6.13 times with
up-regulation of tumor suppressor miR-129-5p. Our data also provided that MALAT1 may work as
endogenous sponge for miR-129-5p. Here we predicted and proved TGF-β-activated kinase 1 (TAK1),
encoded by MAP3K7, is the target of miR-129-5p and works as the key factor in metastasis of EC.
Meanwhile we compared the MALAT1 level in EC para�n section by in-situ hybridization. Rerospective
analysis assessed the corelation between the MALAT1 level and the clinical characters of EC, MALAT1 is
a poor prognostic marker of EC. Furthermore we over-expressed MALAT1 in EC cells, the function of
RG7420 was reversed.

Conclusion: Taken together, our data uncovered RG7420 inhibited the proliferation and migration of EC
cell through MALAT1/miR-129-5p/TAK1 pathway. MALAT1 is a poor prognostic marker of EC.

Background
Endometrial cancer, for short EC arising from the lining of the uterus, is the most common gynaecological
malignancy in both developed and developing country. EC widely acknowledged dividing into Type I,
linking to estrogen excess, obesity, hormone-receptor positivity so called steroid dependence, and Type II,
common attacking the the older, non-obese women known as steroid independent, according to clinic
pathological variants recognized. Recently Levine classi�ed endometrial cancers into four categories:
POLE ultramutated, microsatellite instability hypermutated, copy number low, and copy number high,
according to their array- and sequencing-based technologies results of 373 endometrial carcinomas[1].
They performed an integrated genomic, transcriptomic, and proteomic characterization for endometrioid
tumors and found EC have frequent mutations in PTEN, CTNNB1, PIK3CA, ARID1A and KRAS. KRAS
mutation occur in various neoplastic process, MEK is a downstream signal transduction protein of RAS
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and RAF, so MEK inhibitor was effective against multiple cancer species with RAS or RAF mutations, such
as malignant melanoma, lung cancer and so on. Almost 80% of EC patients present with low-grade, early-
stage disease with favorable prognosis. But approximately 20% patients were more aggressive, high-
grade tumors having disease spread beyond the uterus will metastasis and recur within 1 year would [2−4].
For these patients, there are frequently Multi-gene mutations. Expect extensive surgery and adjuvant
treatment, new target therapy maybe promise treatment modality. Aslan examined the response ratio of
EC cells to the inhibitors of PI3K and RAS/MAPK pathway. They found MEK inhibition not only
suppressed the viability of ECs with mutated KRAS, but also for those with retained PTEN loss.
Combinations of PI3K and MEK inhibitors showed synergy or additivity in almost all EC cells[5]. Here we
treated EC cell lines with MEK inhibitor, RG7420, to further explore its mechanism. We not only detected
the effect of RG7420 on proliferation and migration of EC cells but also screen the high-through LncRNA
pro�le change. Dong[6] presented an overview of the expression pattern, prognostic value, biological
function of lncRNAs in EC cells and their roles within the tumor microenvironment. Oncogenic lncRNAs
(CCAT2, BANCR, NEAT1, MALAT1, H19 and Linc-RoR) have been identi�ed as modulators in�uencing EC
metastasis. Matastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is a 7-kb long, nuclear
retained and ubiquitously expressed long ncRNA, which has been shown to be broadly upregulated in a
variety of cancer entities and to play critical roles in promoting metastasis hallmark capability[7]. Li had
reported there was interaction between miR-200c and MALAT1 in EC cells by which improved the mobility
of EC cell[8]. Here we veri�ed MALAT1 was the key factor in MEK/ERK process through sponging miR-129-
5p. As soon as this relationship was interrupted, the invasive and proliferative capacity of EC cells was
decreased signi�cantly. Moreover we also evaluated the value of MALAT1 on clinical prognosis for EC.

Materials And Methods
Cell culture and RG7420 cytotoxic effect detection

HEC50 and HEC1A cells were purchased from ATCC and stored in central lab of the First A�liated
Hospital, Jinan University, which were plated into 96 wells at 37 °C in 5% humidi�ed atmosphere. The
different concentration of RG7420 from 1 to 50 nM in 100µL 10% FBS DMEM(Thermo Fisher Scienti�c,
Inc. Waltham, MA, USA) for 24 h. According to the protocol, added 10 µL of CCK8(Dojindo, Kumamoto,
Japan) cells were continuous cultured for 4 h. The cell viability was detected at 450 nm using microplate
reader (BioTek, Winooski, VT, USA). The formula is cell viability ratio=(experimental group OD
value/control group OD value) × 100%.

Reactive oxygen species assay

With the same treatment as above, ROS generation was detected by FCM staining with the �uorescent
dyes 2,7-dichloro�uorescein diacetate (DCFH-DA) (Beyotime, Jiangsu, China). Brie�y, after trypsinization
cells were washed with PBS then incubated with DCFH-DA (10 µM) for 30 min at 37 °C in the dark.
Washed twice with PBS and analyzed using FACSCalibur(BD Biosciences, San Diego, CA, USA) at an
excitation/emission wavelength of 488/525 nm.
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Cell apoptosis assay

After exposing different concentration of RG7420 for 24 h, HEC50 and HEC1A cells in 6 well were
collected and then stained with Annexin V-FITC/PI (BioVision, Palo Alto, CA) for 30 min according to the
manual. The apoptosis and death ratio were detected using FACSCalibur.

Wound healing assay

HEC50 and HEC1A cells were planted in 6 well until growing space at 80% of the total area. We scratched
the cell layer by 10 µl tip making an arti�cial wound and washed the �oating cells. Then cells were
incubated with fresh completely DMEM medium with or without half of IC50 of RG7420. 24 h later, the
width of the wound were observed under imaging system (OLYMPUS DP50) (objective × 10).

Cell migration assay

In order to further detect the change of mobility of EC cells after treatment of RG7420, we did the
transwell assay using Boyden chambers(Corning). Before test, 50 µL Matrigel (1:3 dilution; BD
Biosciences, Franklin Lakes, NJ, USA) was smeared on the upper chambers. Then 1*105 cells were seed
in it undergoing RG7420 or not. 8 h later, we get rid of the non-migration cells on the upper layer and �xed
the passed cells using 4% paraformaldehyde. Then the cells were stained with 0.1% crystal violet solution
for 20 minutes. Counted the invading cells in �ve randomly �elds under 20* objectives and take pictures.

Microarray analyzed the expression of LncRNAs

Total RNA of HEC50 cells with or without IC50 of RG7420 was isolated by using TRIzol (Invitrogen). The
quality and concentration of the samples were assessed at absorbance ratios of A260/A280 using
NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scienti�c, Inc, Wilmington, DE, USA). After
labeling and array hybridizing according to the Agilent One-Color Microarray-Based Gene Expression
Analysis protocol, the expression levels of lncRNAs and mRNAs in each sample were determined using
Arraystar Human lncRNA Microarray v2.0(Bohao Biocompany, Shanghai, China).

After using Agilent Feature Extraction softwareto grid alignment, the Expression data were normalized
using Agilent GeneSpring GX software (version 11.5.1; Agilent Technologies, Inc.). Following fold-change
(FC) analysis (FC > 2.0 or FC < 0.5) and false discovery rate (FDR) analysis (FDR < 0.05), differentially
expressed lncRNAs were identi�ed through FC �ltering according to the predetermined P-value threshold
(P < 0.05).

Bioinformatic analysis the target of MALAT1 and miR-129-5p

The starBase web server v2.0 was most common used to predict the lncRNAs-miRs interaction. Here we
found miR-129-5p had the one seed complementary binding with MALAT1. TargetScan deciphered the
match the seed region between miR-129-5p and MAP3K7 which encoded TGF-β-activated kinase 1
(TAK1).
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Luciferase reporter assay

In order to con�rm the interaction among MALAT1, miR-129-5p and TAK1, we designed psiCheck2 Dual-
luciferase system containing the binding seed sequences of miR-129-5p with MALAT1(1547–2647 bp) or
TAK1(84–534 bp) respectively. These fragments were ampli�ed by PCR and recombined into Target
Expression Vector (Promega, Madison, WI, USA). The primers were forward 5′-
AACTCGAGGAGTGCTTGGCTCTTCCT-3′ (XhoI site in bold), reverse 5′-
AATGCGGCCGCGACCTTAGGATAATAGCG-3′ (NotI site in bold) for MALAT1 and forward 5′-
AACTCGAGCTCTGGGACCGTTACATT-3′ (XhoI site in bold), reverse 5′-
AATGCGGCCGCAGCCCTTACACGGAACTA-3′ (NotI site in bold) for TAK1. We also constructed the
corresponding mutant vector by mutating this seed region all T to A. The blank control was empty vector
(NC). Using Lipofectamine 3000, we co-transfected chemosynthetic miR-129-5p or MIMIC with each
psiCheck2 WT or MUT vectors respectively into HEK 293 T cells. 48 h later, we detected the Renilla
luciferase activities using the dual-luciferase reporter assay system (Promega, Madison, WI, USA)
according to protocol.

QRT-PCR assay

Total RNA was isolated by Trizol reagent (Invitrogen, Carlsbad, CA, USA) and reverse transcribed to cDNA
using MultiScribe™ reverse transcriptase (Applied Biosystems, Foster City, CA, USA). The SYBR green-
based real-time PCR analysis was performed to assess the level of MALAT1, miR-129-5p and TAK1. We
quantify the relative changes of these genes by the 2−ΔΔCT method. The primers sequences were listed as
follow.

Table 1. The primer of QRT-PCR

  forward  reverse

MALAT1 5’-TCTCCCCACAAGCAACTTCT-3’ 5’-ACCTCGACACCATCGTTACC-3’

miR-129-5p 5’-CGGCGGTTTTTTGCGGTCTGGGCT-3’ 5’-CAACCTGGAGGACTCCATGCTG-3’

U6 5’-GTCGTATCCAGTGCAGGGTCCGAGG-3’ 5’-CGGCGGTCGTGAAGCGTTCCAT -3’

TAK1  5′- ACTCACTTGATGCGGT-3′  5′-CGGCGATCCTAGCTTC-3′

GAPDH 5′-GACGGCCGCATCTTCTTGT-3′  5′-CACACCGACCTTCACCATTTT-3′

Western blot assay
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The cells were washed twice with cold PBS and lysed at 4 °C into in RIPA buffer. Then the concentration
of protein was quanti�ed with a BCA Protein Assay Reagent Kit (Thermo�sher, USA). 25 μg total proteins
were separated using SDS-PAGE, and transferred onto PVDF membranes. After incubated with Rabbit
polyclonal TAK1 antibodies(1:1000, NBP1-62091, Novus Biologicals, USA) at 4 degree overnight, it was
imaged with an enhanced chemiluminescence detection kit (ECL) (Thermo�sher, USA) according to the
manufacturer's instructions. Images were captured and the band density was quanti�ed using the Image
lab software LAS4000 Digital Image Scanning System (GE Healthcare, Little Chalfont, UK).

RNA immunoprecipitation assay(RIP)

The RIP experiments were conducted using Magna RIP™ RNA-Binding Protein Immunoprecipitation Kit
(Millipore, USA) according to the reference. Brie�y, we lysed MALAT1 stable over-expressed HEC50 and
HEC1A cells using RIPA buffer to extract the protein. Then human anti-Ago2 antibody (Millipore) or
mouse immunoglobulin G (IgG, Santa Cruz Biotechnology, CA, USA) was incubated with the cellular
extracts overnight at 4°C. After digested samples with proteinase K, we isolated the immunoprecipitated
RNA and detected MALAT1 and miR-129-5p level using QRT-PCR method to further verify the sponge
function of MALAT1 on miR-129-5p.

MALAT1 in ECa Tissue by ISH

Para�n sections were obtained from 65 cases EC who diagnosed and underwent the operation at the
Gynecology and Obstetrics Department of Nanfang Hospital between 2008 and 2011. This study was
approved by the Ethics Committee of these two hospital. After dewaxing with dimethylbenzene and
dehydrated with graded ethanol, the sections were washed 3 times with PBS. Then it was digested with 5
μg/ml proteinase K at 37°C for 5 min, and pre-hybridized for 62.5 min at 37°C. We added MALAT1
probe(gaaatcacgtaacaaatacac) for Hybridization at 62.5 degree for 18 h. After washing using SSC, then
sections were labered with anti-Digoxin IgG monoclonal antibody for 4h and the horseradish peroxidase-
conjugated secondary antibodies for 2h in the proper order. The NBT/BCIP was used to evaluated the
MALAT1 expression. Finally, the nucleus couter stained with nuclear fast red. The positive blue parcels
were in the plasma, and evaluated the score. The evaluation criterion were performed as previously
described.

Over-expressed MALAT1 in ECa cells

The pCRII-TOPO CMV-cGFP-mMALAT1_3' WT Sense was purchased from Addgene. HEC50 and HEC1A
cells were planted in 6 well over night, then starved using FBS free DMEM medium for 24h. Using
lipofectamine3000 reagent (Invitrogen, Carlsbad, CA, USA) according to the manual, this palsmid was
transfected into HEC50 and HEC1A cells for 6h, then get rid of the supernatant and changed to fresh
completely medium. The empty pCRII-TOPO plasmid was used as the control.

Statistical analysis

http://www.so.com/link?m=aCvkgT%2B2X4EilPcyDlTigWldz3%2BLmsqQwiGeaXnf8T8Slr7i0qsNtefhTuEs7vNKhf4IYp5LhCAjqHGf6qvQwv0n3sXRSDF2HAT6Wz6z8FsaVTYmsNtR1pb2YHL9q4hUs
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All data analysis was presented as mean±standard deviation and calculated using SPSS (version 18.0).
Comparisons amongst groups were performed using the One-way ANOVA test. The P value of less than
0.05 was considered statistically signi�cant.

Results
RG7420 inhibited the proliferation and induced the apoptosis in ECa cells

In Fig. 1A, the RG7420 reduced the viability of the HEC50 and HEC1A cells in dose-dependent manner
(from 1 to 25 nM) using CCK8 method(Fig. 1A). The IC50 of RG7420 on HEC50 and HEC1A were at
1.869 nM and 9.389 nM respectively. According to the results of DCFH-DA quanti�cation assay, RG7420
induced the increaseing of ROS levels in ECa in the dose dependent manner too Annexin V/PI stained
apoptosis assay(Fig. 1B). The apoptosis analyses show the same tendency with ROS(Fig. 1C). The ROS
generation involved in RG7420-induced cytotoxicity and apoptosis of ECa cells.

RG7420 reduced the migration ability of EC cells

Cell invasion is most important factor for cancer metastasis. Here we detected the effect of RG7420 on
the invasion of EC cells, the wounded heal test show for the half of IC50 RG7420 group of HEC50 and
HEC1A, the area percentage of wound healing was half of control group(Fig. 2A). The transwell test
indicated that the traversed cells in control group were almost twice as RG7420 group of both HEC50 and
HEC1A cells (Fig. 2B).

RG7420 down-regulated the MALAT1 expression

Many studies reported LncRNAs play important role in drug activity progression. Here we tested the
pro�le of lncRNAs in HEC50 cell with or without IC50 of RG7420(Fig. 3A). Down-regulation of MALAT1 is
the most obvious by a factor of 6.13. We veri�ed this results in both HEC50 and HEC1A cells by QRT-PCR
method(Fig. 3B).

Over-expression of MALAT1 was poor prognostic factor of ECa

MALAT1 had been proved as the metastasis oncogene. To unveil the role of MALAT1 in ECa, we detected
its level in ECa PFE tissue sections by ISH. The positive blue particles were circumnuclear in the
plasma(Fig. 4A). We divided the 65 cases ECa patients to low and high expression group according to the
median fold change of ISH score of MALAT1, 9.323. For the low MALAT1 group, n was 44 and 21, the
score was 6.88 ± 1.82 vs 14.42 ± 2.71 respectively. The analysis of clinical parameters was list as follow.
The results of single factor analysis of variance show in Table 2. High MALAT1 level was closely
correlated with lymphatic metastasis (P = 0.019), distant metastasis (P = 0.033), TNM stage (P = 0.010),
vessel extension (P = 0.004) and Ki67(P = 0.018). But for age, pathology and hormones receptor level,
these two groups have no statistics signi�cance(all P > 0.05). Kapalan-Meier survival analysis showed
that MALAT1 was a signi�cantly poorer prognosis(72.7% vs 47.6%, P = 0.024; Fig. 4B).
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MALAT1 sponged miR-129-5p and regulated TAK1 indirectly

Using starBase and TargetScan data base, we predicted miR-129-5p had the complementary binding seed
with MALAT1 and TAK1(Fig. 5A). Dual-luciferase reporter assay was used to investigate the interaction of
miR-129-5p with both MALAT1 and TAK1. The luciferase assay show miR-129-5p interacted with both
psiCheck2-MALAT1 and psiCheck2-TAK1, the luciferase activity in miR-129-5p group decreased
sharply(Fig. 5B), which con�rmed the potential interaction between MALAT1 and miR-129-5p. RNA
immunoprecipitation (RIP) indicated that MALAT1 was preferentially enriched in Ago2-containing beads
compared to the harboring control immunoglobulin G (IgG) antibody in both HEC50 and HEC1A
cells(Fig. 5C).

Over-expressed MALAT1 reversed the RG7420 effect

For further veri�ed the MALAT1 took part in the RG7420 effect on ECa cells, we over-expressed the
MALAT1 in HEC50 and HEC1A cells before the IC50 RG7420-treatment. As expected, the viability ratio of
both tow ECa cell lines signi�cantly higher in over-expressed group than empty plasmid control
group(Fig. 6A). The ROS generation and apoptosis ratio displayed contrary tendency to proliferation
ratio(Fig. 6B and C). The wound healing analysis and migration assay indicated over-expression of
MALAT1 signi�cantly reversed the inhibition of RG7420 on migration of HEC50 and HEC1A cell(Fig. 6D
and E). The miR-129-5p in HEC50 and HEC1A cell were decreased in MALAT1 than control(Fig. 6F). For
TAK1, the MALAT1 over-expressed group was much higher than control group on both mRNA and protein
level(Fig. 6G and H).

Discussion
The endometrium is maintained by estrogen and progesterone. Any factors leading to an excess of the
endometrial lining deposition would induce endometrial hyperplasia, and, in some cases, endometrial
cancer. Its incidence is increasing globally,and higher in developed countries than developing countries
1.6% vs 0.6%[9]. The most common initial sign is heavy menstrual bleeding or bleeding after menopause,
which allows for identi�cation of this disease at an early stage. However approximately 10% of
endometrial cancer patients has the lymph nodes or long distant metastasis, and in these cases 30%
patients with para-aortic lymph nodes involving. For these patients the Five-year OS rates was
approximately 30%[10−12]. The standard therapy for high-grade endometrial cancer included surgery,
chemotherapy, radiotherapy and interventional therapy. Target therapy has not been listed in the EC
treatment guideline. Actually PI3K/AKT, MAPK, �broblast growth factor (FGF), mTOR and WNT pathways
always revealed altered activation in recurrent endometrial cancer tissue, but tumor suppressor p53
reduced expression. The MAP kinase cascade is one of the most important oncogenic driver of various
cancers and the inhibitor of this signalling module had been successfully used in malignant melanoma
and lung cancer. As an important anti-tumor strategy, more and more clinical trial had been advance to
verify their effect in other cancers such as breast cancer[13], Colorectal Cancer[14], pancreatic cancer[15].
Since now there are a few reports about MEK inhibitor treated on EC in vivo and in vitro. It is only one



Page 10/20

clinical tiral involved in MEK inhibitor on EC that phase I, four-arm, open-label study (NCT01347866)
evaluated the PI3K/mTOR inhibitors PF-04691502 (arms A, B) and gedatolisib (PF-05212384; arms C, D)
in combination with the MEK inhibitor PD-0325901 (arm A, D) or irinotecan (arm B, C) [16]. Preliminary
evidence of this clinical trial observed that gedatolisib plus PD-0325901 in patients with endometrial
cancer was partial response. Of cause it is maybe the synergistic effect of these two drugs, whatever its
prospect worth our research and exploration. As we know, the only Raf substrates are MEK1/2 and the
only MEK1/2 substrates are ERK1/2. MEK1/2 activates ERK1/2 by �rst catalyzing the phosphorylation of
Y204/187 and then T202/185, after that ERK1/2 catalyze the phosphorylation of many cytoplasmic and
nuclear substrates including transcription factors and regulatory molecules, which triggers many
biological process such as proliferation, migration, apoptosis, aging and so on. Wang [17] reported p-
ERK1/2 were closely related with poor prognostic factors in type I endometrial cancer. It was an
independent prognostic factor in type I endometrial cancer patients. Cobimetinib (GDC-0973, RG7420) is
a selective oral MEK1/2 inhibitor that was approved by European Medicine Agency (EMA) and Food and
Drug Administration (FDA) in 2015 for treatment of malignant melanoma in a combination with the BRAF
inhibitor vemurafenib. Here we treated the ECa cells with RG7420 to explore its exert speci�c anticancer
activity. The results of cell viability bioassay revealed that treatment of HEC50 and HEC1A cells with
different concentration of RG7420 generated anti-proliferation effect and in dose-dependent manner. A
steep rising of reactive oxygen species (ROS) in ECa by RG7420 resulted in apoptosis. As shown in Fig. 2,
half of the IC50 of RG7420 treatment on ECa cells have signi�cantly reduced the migration ability too. In
order to investigate the underlying mechanisms, we assessed the molecular mechanisms through the
lncRNA pro�le of HEC50 cell with or without RG7420 and found that MALAT1 was downregulated in
HEC50 after exploring RG7420. MALAT1 (Metastasis associated lung adenocarcinoma transcript 1) was
originally identi�ed in early-stage non-small cell lung cancers by Ji[18], and be found over-expressed in
many kinds of tumor and associated with signi�cantly decreased patient survival[19]. Several biomarkers
have been associated with clinical characteristics and prognosis in ECa such as CEA, lymphosvascular
space involvement(LVSI), Sentinel lymph node biopsy and so on. But none of them were considered to be
strongest predictor of distant metastases, multi-factors comprehensive assessment is necessary, novel
biomarkers for ECa are required too. Here we evaluated the level of MALAT1 in ECa tissue. MALAT1 is
extremely abundant in the sections from 65 enrolled cases. It is closely correlated with lymph node
metastasis, distant metastasis, vessel extension, Ki67 and advanced TNM stage. Kapalan-Meier survival
analysis showed that MALAT1 was a signi�cantly poorer prognosis. Our �ndings suggest that MALAT1
could be developed as a potential diagnostic and prognostic biomarker for ECa. Owing to its function in
RG7420 on ECa cells remains unknown, we investigate the role of MALAT1 in this progression. Our
results indicated MALAT1 served as an endogenous sponge to reduce miR-129-5p expression by directly
binding to it, which indirectly regulating the expression of downstream targets TAK1. The mitogen-
activated protein kinases (MAPKs) play an important role in a variety of biological processes. TAK1 was
assigned to the chromosome region 6q14-21, which was originally identi�ed as a MKK kinase, which
induced activation of mitogen-activated protein kinase kinase 4 (MKK4)-c-Jun N-terminal kinase or
MKK3-p38 signaling pathway[20]. Many researches proved TAK1 kinase triggered TGF-β-mediated
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regulation of NF-kappaB and induction of apoptosis in epithelial cells[21,22]. Choo[23] reported the
activation of stress signaling pathways by TAK1 resulted in enhanced migration of colon cancer cells and
metastasis to the lung in vivo. To further test the MALAT1/miR-129-5p/TAK1 signaling plays essential
roles in RG7420 treatment, we forced expression MALAT1 in HEC50 and HEC1A cells and detected the
cell viability and mobility exploring IC50 RG7420. As expected, the over-expressed MALAT1 partly rescued
the RG7420 effect with over-expressed TAK1 and low level of miR-129-5p.

Conclusions
In summary, RG7420, a highly selective and effective anti-tumor MEK inhibitor, has strongly inhibited the
viability and mobility of ECa cells through MALAT1/miR-129-5p/TAK1 axis. RG7420 could be a bene�cial
therapeutic agent for ECa. We further proved the dysregulated MALAT1 and TAK1 provide novel poor
molecular prognostic markers especially for metastasis in ECa outcome.
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Figure 1

RG7420 inhibited the cell proliferation and induced apoptosis in ECa cells by triggering the generation of
ROS.(A.) HEC50 and HEC1A cells exposed to various concentrations (from 0.1 to 25nM) of RG7420. 24h
later, the proliferation ratio assessed using CCK-8 assay, it decreased in dose-dependent manner(*P <
0.001 compared with the untreated control group). (B.) Undergo the same treatment, the ROS level in
HEC50 and HEC1A generated gradually. (C.) The apoptosis ratio increased going with ROS level in dose-
dependent manner too.
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Figure 2

RG7420 effect on migration and invasion in ECa cells. (A.) HEC50 and HEC1A cells cultured in 6 well
plate. Migration ability was detected by the wound healing assay, lower migratory ability in the half of
IC50 RG7420 group, as they impair over half of the scratch at 48 h. (B.) To further evaluate the cell
migratory capacity, transwell migration assay was proceeded. The relative invasion rate of HEC50 and
HEC1Acells markedly dropped in RG7420 group.
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Figure 3

Compared the lncRNAs change in ECa with RG7420 treatment. (A.) Heat map show part of lncRNA pro�le
comparison in HEC50 cells between the untreated group and IC50 RG7420 group. The most differentially
down-expressed lncRNA was MALAT1. (B.) Treated with gradient concentrations (from 0.1 to 25nM) of
RG7420 for 24h, MALAT1 level in HEC50 and HEC1A cells was measured by QRT-PCR method. The valid
QRT-PCR results indicated RG7420 inhibited MALAT1 expression in dose-dependent manner, which is
correlated well with the microarray data.
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Figure 4

MALAT1 reguated miR-129-5p/TAK1 as ceRNA. (A.) Bioinformatics prediction using starBase indicated
that MALAT1 sequence contained the putative binding site of miR-129-5p. The TargetScan suggest there
is binding sites between miR-129-5p and the 3′UTR of TAK1. (B.) To veri�ed their interaction, luciferase
reporter assays show that miR-129-5p signi�cantly suppressed the luciferase activity of both MALAT1
and TAK1 report gene plasmid compared to negative vector or mutated report gene plasmid in HEK293
cells. (C.) The RIP assay was performed to con�rm whether MALATQ and miR-129-3p could directly bind
to AGO2 in ECa. Amount of MALAT1 and miR-129-5p bound to Ago2 measured by RT-qPCR after RIP, IgG
was used as a negative control.
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Figure 5

MALAT1 level detected in ECa tissue. (A.) ISH analysis of the MALAT1 in the 65 cases of ECa tissue.
Para�n-embedded tissue sections were stained using speci�c probe for MALAT1, the positive particles is
purple-blue. (B.) Kaplan-Meier survival analysis of 65 EC patients, compared based on high and low
MALAT1 expression groups, its expression correlates with poor outcome of ECa.

Figure 6
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MALAT1 involved in RG7420 effect on ECa cells. MALAT1 decreased dramatically in ECa cells with
RG7420 treatment, which referred to the proliferation and invasion of EC cells. The expression of MALAT1
was upregulated by cDNA vector in ECa cells using against RG7420 effect. (A.)Undergoing IC50 RG7420
concentration for 24h, the viability ratio of over-expressed MALAT1 group was remarkably higher than
that in NC group by CCK8 assay (* means P < 0.05). (B.) The DCFH-DA test displayed that over-expressed
MALAT1 restrained ROS generation by RG7420. (C.) The apoptosis assay indicated that over-expressed
MALAT1 inhibited the inducing apoptosis effect of RG7420. (D.) As for wound heal test, the scratched
area was notly healed in the MALAT1 group than NC group. (E.) Exposing to RG7420 pressure, the
transwell assay display MALAT1 signally promoted the migration than NC group. (F.) MALAT1 stile down-
regulated the miR-129-5p level in HEC50 and HEC1A cells by QRT-PCR. But for TAK1 level, the tendency
was opposite to miR-129-5p. MALAT1 incresded the expression of TAK1 on both mRNA(G.) and
protein(H.).


