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PBS. Tissue sections were blocked with 10% 
goat serum (Sigma, St. Louis, MO, USA) for 1 h 
at room temperature and incubate with primary 
antibody overnight at 4°C. The anti-rabbit sec-
ond antibody was diluted (1:300) and incubat-
ed at room temperature for 1 h. All slides were 
incubated in avidin biotin peroxidase complex 
(Sigma, St. Louis, MO, USA) diluted 1:300 in 
PBS for 30 min at 37°C. Ki67 (R&D, Minneapolis, 
MN) was used at 10 ug/ml. 

Statistical analysis

All data were shown as mean ± standard (x ± s) 
deviation. Statistical analyses were performed 
by the SPSS 20.0 software (IBM Corp, Armonk, 
New York, USA). The difference between two 
groups was analyzed by paired sample t-test 

and one-way analysis of variance for multiple 
groups. P < 0.05 was considered statistically 
significant. 

Results

Expression of HOTAIR, MAPK1 and miR-217 in 
human ESCC patient samples

To investigate the potential role of HOTAIR, 
MAPK1 and miR-217 in ESCC, we first evaluat-
ed the expression levels of them in human 
ESCC tissues by qRT-PCR. The expression lev-
els of HOTAIR were significantly higher in human 
ESCC tumor samples than in normal tissues 
and strongly correlated with the clinical stage 
(Figure 1A). The mRNA and protein expression 
level of MAPK1 were also elevated in human 

Figure 2. The relative expression of HOTAIR and MAPK1 and the interaction between them. A. Expression of HOTAIR 
in ESCC cell lines was detected by qRT-PCR. B. mRNA expression of MAPK1 in ESCC cell lines was detected by qRT-
PCR. C. Protein expression of MAPK1 in ESCC cell lines was detected by Western blot. D. The mRNA expression of 
MAPK1 in TE1 and KYSE520 after silencing HOTAIR was detected by qRT-PCR. E. The mRNA expression of HOTAIR 
in TE1 and KYSE520 after silencing MAPK1 was detected by qRT-PCR. **P < 0.01 versus Negative Control (NC).
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Figure 3. HOTAIR and MAPK1 were targets of miR-217. A. MAPK1 and HOTAIR had seed regions of miR-217 predicted by TargetScan, starBase or PITA. B. The mRNA 
expression of MAPK1 or HOTAIR in TE1 and KYSE520 after transfected with miR-217 mimics was detected by qRT-PCR. C. The expression of miR-217 after silencing 
HOTAIR or MAPK1 in TE1 and KYSE520 was detected by qRT-PCR. D. Luminescence signal of vector constructed with HOTAIR mRNA 3’UTR or MAPK1 mRNA 3’UTR 
in the presence of miR-217 mimic was detected by luciferase reporter assay. **P < 0.01 and *P < 0.05 versus Negative Control (NC) or shControl group. 
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Figure 4. HOTAIR promotes cell proliferation and silencing HOTAIR caused decreasing of MAPK1 and downstream 
p90RSK. A, B. Cell growth of TE1 and KYSE520 after silencing HOTAIR was measured by Cell Counting Kit-8 assay. 
C, D. MAPK1 and its activation of downstream p90RSK of TE1 and KYSE520 after silencing HOTAIR was measured 
by western blot and. **P < 0.01 and *P < 0.05 versus shControl group.

Figure 5. HOTAIR silencing caused a decreasing in cell migration in ESCC. A, B. Cell migration of TE1 cells after 
silencing HOTAIR was imaged, the migration distance was measured under a microscope. C, D. Cell migration of 
KYSE520 after silencing HOTAIR was imaged and the migration distance was measured under a microscope. **P 
< 0.01 versus shControl group.

ESCC samples compared to the adjacent nor-
mal tissues (Figure 1B, 1D), but the expression 

levels of miR-217 were downregulated in human 
ESCC tumor samples (Figure 1C). 
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The interaction between HOTAIR and MAPK1 
in ESCC cell lines

We then investigated the expression level of 
HOTAIR (Figure 2A) and MAPK1 (Figure 2B, 2C) 
in ESCC cell lines. HOTAIR and MAPK1 were 
both high expressed in ESCC cell line TE1 and 

KYSE520, so we chose them to study the inter-
action between HOTAIR and MAPK1 in ESCC. 
We silenced HOTAIR or MAPK1 in TE1 and 
KYSE520 respectively. The mRNA level of 
MAPK1 were downregulated when silencing 
HOTAIR and the expression level of HOTAIR was 
decreased when silencing MAPK1 (Figure 2D, 

Figure 6. HOTAIR silencing caused a decreasing in cell invasion in ESCC. A. Cell invasion of TE1 and KYSE520 after 
silencing HOTAIR was evaluated by matrigel cell invasion assay. B. Relative cell number of TE1 and KYSE520 in-
vaded through membrane after silencing HOTAIR was measured by taking photos and counted. **P < 0.01 and *P 
< 0.05 versus shControl group.

Figure 7. HOTAIR silencing suppressed the tumor growth of KYSE520 in nude mice. A. Tumor volume was measure 
on indicated days. B. Photos depicted the tumors formed by KYSE520 after silencing HOTAIR or a negative control 
shRNA. C. MAPK1 (p42 MAPK in image) and its downstream p90RSK in tumors formed by KYSE520 in nude mice 
after silencing HOTAIR was detected by western blot. D. Ki67 positive cells in tumors formed by KYSE520 after si-
lencing HOTAIR was detected by IHC. **P < 0.01 and *P < 0.05 versus shControl group.
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2E). When we silenced dicer, these effects 
abolished (Figure 2D, 2E). These results indi-
cated that HOTAIR might be a ceRNA of MAPK1.

HOTAIR and MAPK1 are targets of miR-217, 
and silencing HOTAIR or MAPK1 increased 
expression of miR-217

We used Targetscan (http://www.targetscan.
org/vert_71/) to predict the possible interac-
tion between miR-217 and MAPK1. The results 
showed that MAPK1 had three seed regions of 
miR-217 and might be a potential target of miR-
217 (Figure 3A). The interaction between 
HOTAIR and miR-217 were predicted by star-
Base (http://starbase.sysu.edu.cn/mirLncRNA.
php) and PITA (https://genie.weizmann.ac.il/
pubs/mir07/mir07_prediction.html) and there 
were four seed regions of miR-217 in HOTAIR 
(Figure 3A). The mRNA expression levels of 
MAPK1 or HOTAIR in TE1 and KYSE520 were 
decreased when transfected with miR-217 
mimics (Figure 3B). When we silenced MAPK1 
or HOTAIR in TE1 and KYSE520, the expression 
level of miR-217 increased (Figure 3C). In the 
luciferase reporter assay, results showed that 
vector constructed with HOTAIR mRNA 3’UTR or 
MAPK1 mRNA 3’UTR had lower luminescence 
signal in the presence of miR-217 mimic (Figure 
3D). These results indicated that MAPK1 and 
HOTAIR were targets of miR-217.

HOTAIR regulates cell proliferation, migration, 
invasion and tumor formation of ESCC through 
regulating MAPK1

To further assess the role of HOTAIR in the 
pathogenesis of ESCC, we silenced HOTAIR in 
TE1 and KYSE520. Silencing HOTAIR signifi-
cantly inhibited the cell proliferation (Figure 4A, 
4B) compared to a control shRNA, and the pro-
tein expression of MAPK1 and activation of its 
downstream p90RSK decreased (Figure 4C). 
We also evaluated the migration and invasion 
of TE1 and KYSE520 after silencing HOTAIR. 
Stable knockdown of HOTAIR decreased the 
migration (Figure 5) and invasion (Figure 6) 
ability of TE1 and KYSE520 in vitro. The tumor 
growth of KYSE520 in nude mice after silencing 
HOTAIR was lower than KYSE520 transfected 
with a control shRNA (Figure 7A, 7B) and the 
protein expression of MAPK1 and its down-
stream p90RSK were also decreased (Figure 
7C). The ki67 staining of tumor tissues formed 
by KYSE520 after silencing HOTAIR decreased 
(Figure 7D). These results showed that HOTAIR 

could promote proliferation, migration, invasion 
and tumor formation of ESCC cell line and this 
was partially due to regulating of MAPK1.

Discussion

ESCC patients have a dismal prognosis, so 
looking for new diagnostic and prognostic bio-
markers for ESCC is very important and badly 
needed. The development of genome and tran-
scriptome sequencing technology has gave us 
a profound understanding of somatic muta-
tions, gene amplifications and deletion in 
tumorigenesis. By these technologies we also 
found a wide variety of non-protein coding 
RNAs such as microRNAs and LncRNAs that 
were deregulated in cancers and functioned as 
tumor suppressor genes or oncogenes. Ab- 
errant expression of lncRNAs was found to be 
closely related to the progression of cancers, 
including ESCC. Recent studies have found that 
a variety of lncRNAs were overexpressed in 
ESCC and could be prognostic factors, such as 
HOTAIR, MALAT1, CCAT2, UCA1, ZEB1-AS1, 
PCAT-1 and NEAT1 [18-24]. HOTAIR has been 
intensively studied in recent years and was first 
found to be correlated with metastasis in pri-
mary breast cancer [25]. HOTAIR was overex-
pressed in many cancers such as breast can-
cer, lung cancer, gastric cancer, liver cancer, 
endometrial cancer, prostate cancer, pancreat-
ic cancer, colorectal cancer, melanoma and 
sarcoma [11, 17, 26-34]. Overexpression of 
HOTAIR could induce genome-wide retargeting 
of PRC2 which led to altered H3K27 methyla-
tion and metastasis-related gene expression. 
Recent studies proved that HOTAIR was closely 
correlated with the development and progres-
sion of ESCC [35]. In our study, we found the 
expression of HOTAIR was up-regulated in ESCC 
cell lines and patient samples and closely relat-
ed to the clinical stage, corresponding to the 
previous studies. We also tested the expres-
sion level of MAPK1 and miR-217 in ESCC 
patient samples and found that MAPK1 was 
up-regulated while miR-217 down-regulated.

The ceRNA hypothesis assumes that RNAs 
(protein coding or non-protein coding RNAs) 
could influence the expression levels of each 
other by competing for a limit pool of microR-
NAs through microRNA binding sites (MREs) 
[16]. According to this hypothesis, LncRNAs can 
act as “microRNA sponges” to alter the expres-
sion levels of given microRNAs so as to influ-
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ence other protein coding RNAs. In our study, 
we tested the interaction of HOTAIR and MAPK1 
in ESCC cell lines. HOTAIR and MAPK1 were all 
high expressed in TE1 and KYSE520, and 
silenced HOAIR or MAPK1 in TE1 and KYSE520 
could down-regulate the expression level of 
each other, but co-silenced with Dicer abol-
ished these effects. This indicated that HOTAIR 
might be a ceRNA of MAPK1. Bioinformatics 
analysis predicts that miR-217 is shared by 
HOTAIR and MAPK1, so we tested whether the 
interaction of HOTAIR and MAPK1 was regulat-
ed by miR-217. As we expected, miR-217 mim-
ics could suppress the expression of HOTAIR 
and MAPK1 in TE1 and KYSE520. When we 
silenced HOTAIR or MAPK1, the expression 
level of miR-217 increased. We also conducted 
luciferase reporter assay to evaluate the inter-
action between miR-217 with HOTAIR and 
MAPK1, as we expected, vector constructed 
with HOTAIR mRNA 3’UTR or MAPK1 mRNA 
3’UTR had lower luminescence signal in the 
presence of miR-217 mimic. These results sug-
gested that the interaction of HOTAIR and 
MAPK1 was mediated by miR-217.

HOTAIR was enrolled in several biological pro-
cesses including cooperated with chromatin 
modifying enzymes to regulate epigenetic acti-
vation or gene silencing, and acted as microR-
NA sponges or inducer of ubiquitin-mediated 
proteolysis. HOTAIR was involved in tumorigen-
esis, tumor migration and invasion. HOTAIR was 
found to promote phosphatase and tensin 
homolog (PTEN) methylation in human larynge-
al squamous cell cancer [36]. PTEN methyla-
tion could lead to activate of PI3K/AKT/mTOR 
pathway and repression of p53-mediated apop-
tosis, so as to promote tumorigenesis. In breast 
cancer, HOTAIR was found to be an indepen-
dent biomarker for predicting the metastasis 
and mortality and overexpression of it could 
promote metastasis in vitro and in vivo [25]. In 
lung cancer, HOTAIR was a prognostic marker 
and was associated with cell migration and 
invasion of non-small cell lung cancer (NSCLC) 
cell lines [27]. HOTAIR was overexpressed in 
pancreatic cancer and depleting HOTAIR in 
PANC1 and L3.6pL pancreatic cancer cell line 
could inhibit cell proliferation and induce apop-
tosis [37]. In our study, we first silenced HOTAIR 
in ESCC cell line TE1 and KYSE520, thus cell 
proliferation, migration and invasion in vitro 

and tumor formation in vivo were all inhibited or 
decreased after HOTAIR silencing, correspond-
ing with previous studies [13, 17]. 

The MAP kinase signaling cascade Ras/Raf/
MEK/ERK was commonly deregulated in can-
cers and closely correlated with tumorigenesis 
and progression. MAPK1 is activated in human 
liver cancer, colon cancer and NSCLC [38, 39]. 
MAPK1 was likely to be activated in ESCC and 
expression of MAPK1 was found to be upregu-
lated in Kazakh ESCC tissues compared with 
adjacent normal tissue [40, 41]. In our study, 
we evaluated the protein expression of MAPK1 
and activation of its downstream p90RSK after 
silencing HOTAIR in TE1 and KYSE520. As we 
expected, the protein expression of MAPK1 
were decreased and so was its activation of 
downstream p90RSK in TE1 and KYSE520. We 
also tested this in tumor formed by KYSE520 in 
nude mice, and had detected a decreasing 
MAPK1 expression as well as its downstream 
phosopho-p90RSK. These consequences indi-
cated that HOTAIR could regulate cell prolifera-
tion, migration, invasion and tumor formation 
of ESCC cell line and this was partially due to 
the downregulation of MAPK1 and its down-
stream phosopho-p90RSK.

In summary, our study has found that HOTAIR 
and MAPK1 were up-regulated while miR-217 
down-regulated in ESCC patient samples. 
HOTAIR could interact with MAPK1 and might 
be a ceRNA of MAPK1 mediated by miR-217. 
The cell proliferation, migration, invasion and 
tumor formation of ESCC cell line TE1 or 
KYSE520 were inhibited when silencing 
HOTAIR, and these might partially due to the 
decreasing of MAPK1 and its downstream 
phosopho-p90RSK. Our study provides a new 
insight into the oncogenic function of HOTAIR 
and may increase our understanding of lncRNAs 
in the pathogenesis of ESCC.
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