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a b s t r a c t 

Colorectal cancer causes severe burdensome on the health by its high fatality and poor prognosis. Hox transcript 

antisense intergenic RNA (HOTAIR) was believed closely related with the genesis and development of colorectal 

cancer, but the regulatory mechanism is still to be investigated. The expression of HOTAIR was analyzed in 

colorectal cancer using both qRT-PCR and ISH assay. The cell viability, migration, invasion and apoptosis rate 

were evaluated using MTT, BrdU,Transwell and flow cytometryexperiments. The interaction between HOTAIR 

and SNAIL was detected using RIP and RNA pull-down. The binding of SNAIL to HNF4 𝛼 promoter was assessed 

by ChIP. The cell lines that knock down HOTAIR, SNAIL or overexpress HNF4 𝛼 were constructed using retroviral 

vector system. The tumorigenic and metastatic capacity of colorectal cancer cells after knocking down HOTAIR 

were evaluated based on xenograft assay and liver metastases model. HOTAIR was highly expressed in both 

tissue and cell lines of colorectal cancer, indicated a regulatory function in colorectal cancer. Knock-down of 

HOTAIR suppressed cell viability, migration, invasion and epithelial-mesenchymal transition (EMT) of colorectal 

cancer cells in vitro , and inhibited the growth and metastasis of colorectal tumor in nude mice. We further found 

that HOTAIR suppressed HNF4 𝛼 via recruiting SNAIL, and the overexpression of HNF4 𝛼 inhibited cell viability, 

migration, invasion and EMT of colorectal cancer cells. We demonstrated that HOTAIR regulates the level of 

HNF4 𝛼 via recruiting SNAIL, knocking down HOTAIR repressed the cell viability and metestasis of colorectal 

cancer cell line in vitro , and suppressed the tomorgenesis and migration/invasion of colorectal cancer in vivo. 
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Colorectal cancer (CRC) causes severe burdensome on the health and

conomies of countries worldwide by its high fatality and poor progno-

is. In 2018, 18.1 million of new cancer cases were reported, of which

0.2% were colorectal cancer. Besides, in 2018, colorectal cancer caused

eath accounted for 9.2% of cancer death in the year, was the second

eading cause [1] . Moreover, most colorectal cancer was diagnosed in

dvanced stages and often with migration, leading to more difficulties

or treatment. Therefore, to further investigate the pathogenesis and

echanism of colorectal cancer is essential and significant to explore

ovel biomarkers for colorectal cancer diagnosis and metastasis preven-

ion. So far, several factors related with colorectal cancer were reported,

uch as miRNAs [2] , E-CADHERIN/T-cadherin [ 3 , 4 ], CD164 [5] , Cy-

okines [6] , Forkhead transcription factors (FOX) [7] , and oncogenes

uch as KRAS, PIK3CA and BRAF [8] , etc. 

Long non-coding RNAs (LncRNAs) are RNA transcripts which are

on-protein coding and longer than 200 bp [ 9 , 10 ]. Hox transcript anti-

ense intergenic RNA (HOTAIR) was first reported in 2007, and found

o be closely related with the genesis and progression of several cancers
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uch as colorectal cancer, lung cancer, breast cancer and liver cancer

11–20] . Moreover, Kogo et al. reported that in stage IV colorectal can-

er with liver metastasis and unfavorable prognosis, the level of HOTAIR

n tumor tissue was much higher than the level of HOTAIR in adjacent

issue [13] . It could be speculated that HOTAIR plays a part in colorectal

ancer progression, whereas the regulatory mechanism remains unclear.

SNAIL, a transcription factor was reported to give rise to cell metas-

asis, including epithelial-mesenchymal transition (EMT) [21] . Huber

t al. reported that SNAIL bound with E-box in the promoter of E-

ADHERIN and inhibited its expression, which played important role in

pithelial differentiation and cell polarization [22] . HOTAIR was found

elated with the expression of SNAIL in several cancers, such as kidney

ancer and esophageal cancer [ 23 , 24 ]. Moreover, in the report of non-

umorigenic hepatocytes, Battistelli et al. found that HOTAIR recruited

NAIL, suppressed the expression of downstream genes and then regu-

ated cell viability and EMT [25] . However, whether similar regulatory

echanisms exist in colorectal cancer needs further exploration. 

Hepatocyte nuclear factor 4 alpha (HNF4 𝛼) is a member of nuclear

ormone receptor superfamily. HNF4 𝛼 is enriched in liver, but low ex-

ressed in pancreatic cancer, gastric cancer and renal cell carcinoma
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26–29] . As a downstream gene of SNAIL,HNF4 𝛼 was reported acting as

 cancer suppressor gene in liver cancer [30] , and P1 promoter-driven

NF4 𝛼 isoforms are specifically repressed in colorectal cancer cells [31] .

owever, the specific regulatory mechanism of HNF4 𝛼 in colorectal can-

er still requires to be confirm. 

Accordingly, in this study, via both in vitro and in vivo experiments,

e investigated the regulatory effect of HOTAIR on colorectal cancer,

nd further explored the interaction among HOTAIR, SNAIL and HNF4 𝛼

nd the molecular mechanism of regulatory process. 

ethods and materials 

ell culture 

FHC, HCT116 and HT29 cells were cultured using Dulbecco’s Mod-

fied Eagle’s Medium (DMEM; HyClone); SW480 cells were cultured

sing Leibovitz’s L-15 Medium; P53R cells were cultured using Mini-

um Eagle’s Medium (MEM, HyClone). All the mediums were supple-

ented with 10% fetal bovine serum (FBS; HyClone) and 1% Penicillin-

treptomycin (Gibco). All the cell lines were obtained from the Chinese

cademy of Medical Sciences and grown in a humidified incubator with

% CO 2 at 37 °C. 

onstruction of recombinant retroviruses and retroviral infections 

Target of sh-HOTAIR or sh-SNAIL were picked using BLOCK-iT 

TM 

NAi Designer ( http://rnaidesigner.thermofisher.com/rnaiexpress/ ).

h-NC, sh-HOTAIR, sh-SNAIL (ordered from Invitrogen, Thermo Fisher

cientific) and HNF4 𝛼 cDNA (amplified by PCR) were inserted in retro-

iral vector pLPCX (Addgene) to obtain pLPCX-shNC, pLPCX-shHOTAIR,

LPCX-shSNAIL and pLPCX- HNF4 𝛼. Green Fluorescent Protein (GFP)

equence (amplified by PCR) was also inserted into pLPCX as a control

etroviral vector pLPCX-GFP. 

Each constructed plasmid was co-transfected with the packaging

lasmids into HEK293T cells using Lipofectamine TM 3000 (Thermo

isher Scientific), according to the standard procedures. The super-

atants were collected after 48 h, and filtered using 0.45 mm filter. 

P53R and HT29 cells were infected using recombinant retrovirus ex-

ressing sh-HOTAIR, sh-Snail and HNF4 𝛼 and controls with polybrene

8 mg/mL). The infection efficiency was around 90% (data not shown).

n situ hybridization (ISH) assay 

The ISH assay was performed following previous study [32] . In brief,

ewaxed and rehydrated sections were digested using proteinase K,

nd then fixed using paraformaldehyde (4%). Then, sections were hy-

ridized with 5 ′ digoxin-labeled LNA-modified probe (Exiqon) at 56 °C

or 12 h, and incubated with anti-digoxin antibody (Roche) for another

2 h at 4 °C. The samples were stained with nitro blue tetrazolium/5-

romo-4-chloro-3-indolylphosphate (NBT/BCIP), avoiding light. Sec-

ions were then observed and images were captured. 

ethyl thiazolyl tetrazolium (MTT) assay 

Cells were grown in 96-well culture plates (2000/well) and incu-

ated with . MTT reagent (5 mg/mL; Sigma-Aldrich) (20 𝜇L/well) at

7 °C for 4 h. After incubation, the supernatant was removed. Dimethyl-

ulfoxide (DMSO, Sigma-Aldrich) (150 𝜇L/well) was added to dissolve

he formazan crystals in each well, and the absorbance at 490 nm was

etected by Microplate Spectrophotometer. The MTT assay was con-

ucted in triplicate. 

romodeoxyuridine / 5-bromo-2 ′ -deoxyuridine (BrdU) assay 

Cells were fixed with 4% paraformaldehyde for 30 mins at 4 °C,

ashed in 0.1 M PBS (pH 7.4) with 1% TritonX100 for 3 times. Sam-
2 
les were then then incubated in HCl (2 M) for 10 mins at 37 °C. Imme-

iately after the acid washes, Borate buffer (0.1 M, pH 8.3) was added

o buffer the cells for 10 min. Samples were then washed and added

.2% TritonX100, incubated for 10 min. After washed with PBS, sam-

les were blocked in 3% BSA for 1 h, prior to incubating overnight (at

 °C) with anti-BrdU. Following the incubation overnight, samples were

ashed and then incubated with secondary antibody (AlexaFlour 488

onjugated). After washed, DAPI (0.5 𝜇g/mL) were added to stain the

ucleus. Samples were observed with fluorescence microscope. 

ranswell migration assay 

Cells were grown in Transwell inserts (Corning Life Sciences) at a

oncentration of 1 ×10 5 cells per insert using serum free medium con-

aining 0.1% BSA in a 200 𝜇L final volume for each insert. Transwell

nserts were then put in 24-well plates containing complete medium

nd incubated for 12 h. After incubation, remove cells in the inner side

f membrane. The migrated cells were fixed using 4% paraformalde-

yde and stained using 0.1% crystal violet. Images of migrating cells

ere captured for five different areas in the membrane. The numbers of

nvading cells for each sample were calculated as the average number. 

ranswell invasion assay 

Transwell inserts were coated with 100 𝜇L Matrigel (1:5) per insert,

nd incubated in 37 °C over night. Cells were then added in the inserts

t a concentration of 1 ×10 5 cells per insert using serum free medium

ontaining 0.1% BSA in a 100 𝜇L final volume for each insert. Transwell

nserts were then put in 24-well plates containing complete medium and

ncubated for 24 h. After incubation, remove medium and wash twice us-

ng PBS. Cells were fixed using 4% paraformaldehyde and stained using

.1% crystal violet. The cells in the upper side were removed. Images

f invased cells were captured for five different areas in the membrane.

he numbers of invading cells for each sample were calculated as the

verage number. 

estern blot 

Cells were harvested and rinsed using phosphate buffered saline

PBS), and then lysed using NP-40 Lysis Buffer (Sigma-Aldrich). Cell

ysate was then gathered and sampled to determine the concentration

sing the Bicinchoninic acid protein assay (NEB). Equal amount of total

rotein (50 𝜇g) for each sample was quantified using SDS-PAGE elec-

rophoresis. The resolved protein was transferred to polyvinylidene di-

uoride membrane and blocked in 2.5% skim milk for 1 h. The mem-

ranes were incubated with the primary antibodies against SNAIL,

NF4 𝛼, E-CADHERIN, VIMENTIN, SLUG, N 

–CADHERIN (Cell Signaling;

anvers, MA, USA, 1:1000 dilution), 𝛽-actin and GAPDH (Cell Signaling;

anvers, MA, USA, 1:4500 dilution). After rinsing, blots were probed

ith second antibody (Abcam; Cambridge, UK, 1:1000 dilution) for 1 h.

he blots were visualized using chemiluminescence detection system

CWBIO; Beijing, China). 

nnexin V staining to detect cell apoptosis 

Cells were stained and analyzed following the manual (Becton, Dick-

nson and Company). Cells were washed twice with cold PBS and then

esuspend around 1 ×10 5 cells in 100 𝜇L of binding buffer for each sam-

le. FITC (5 𝜇L, cat. no. 556,420,) and PI (3 𝜇L, cat. no. 556,463) were

dded in each sample, gently mixed and incubated for 15 min at RT

n the dark. Binding buffer (400 μL) was added to each tube, and the

amples were analyzed by flow cytometry within 1 h. 

NA isolation and qRT-PCR assay 

Total RNA was isolated using TRI reagent (Sigma-Aldrich) from

issues or cell lines. Complementary DNA (cDNA) was reversely-

http://rnaidesigner.thermofisher.com/rnaiexpress/
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Fig. 1. HOTAIR expression in colorectal cancer tissue and cell lines. 

(A) Plots of the relative expression of HOTAIR in colorectal cancer tissue and adjacent tissue. n = 10. (B) Representative images of expression and distribution of 

HOTAIR in colorectal cancer tissue and adjacent tissue detected by ISH assay. (C) Plots of the relative expression of HOTAIR in colorectal cancer cell lines. n = 3. 

HOTAIR expression was assessed by qRT-PCR. 𝛽-actin was taken as internal control. ∗ P < 0.05, ∗ ∗ P < 0.01, ∗ ∗ ∗ P < 0.001. 
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ranscribed using PrimeScript TM RT reagent Kit with gDNA Eraser

Takara) with random primer. Primers for qRT-PCR were picked using

rimer-BLAST ( https://www.ncbi.nlm.nih.gov/tools/primer-blast ), or-

ered from Invitrogen, Thermo Fisher Scientific, and checked by gel,

elting curve analysis and sequencing for specificity. The qRT-PCR cy-

ling was performed at 98 °C for 2 min, then following 40 cycles of

8 °C/10 s, 60 °C/15 s and 65 °C/15 s. The relative expression of each

arget gene was analyzed using the formula 2 − △△Ct . The expression of

-actin gene and sample without cDNA were used as internal control

nd negative control, respectively. 

hromatin immunoprecipitation (ChIP) assay 

ChIP assay was conducted generally following previous reports

 33 , 34 ]. In brief, cells were washed and then cross-linked with 1%

ormaldehyde solution for 10 min at room temperature. Cross-linking

as stopped by glycine with a final concentration of 0.125 M, then

hake for 5 min at room temperature, and then rinsed twice. Cells were

craped off in cold PBS supplemented with phenylmethylsulfonyl fluo-

ide (PMSF) and protease inhibitors cocktail (Takara), centrifuged for

 min at 1000 RPM in 4 °C. Supernatant was removed gently and the

ellet was resuspended in lysis buffer supplemented with protease in-

ibitors cocktail, and incubated for 10 min on ice, disrupted using ho-

ogenizer, and the nuclei were collected by centrifugation for 5 min at

000 RPM in 4 °C. 

Nuclei pellet was resuspended in nuclear lysis buffer containing pro-

ease inhibitors mixture, and sonicated for 10 times (1 min on/off) on
3 
ce. Supernatant were collected by centrifugation for 20 min at 13,000

PM in 4 °C. Twenty microliters of each sample was took as input and

tored at − 20 °C. The rest supernatant was diluted in 1:10 ratio with IP

ilution buffer supplemented with protease inhibitors cocktail, divided

nto two parts and mixed with Pierce TM ChIP-grade Protein A Mag-

etic Beads (Thermo Fisher Scientific) which pre-blocked using Salmon

perm DNA and bovine serum albumin (BSA) in advance. After shak-

ng in 4 °C for 1 h, antibodies (anti-SNAIL or IgG) were added respec-

ively, shake gently in 4 °C overnight. Beads were then washed once

se low salt wash buffer and twice with IP wash buffer. Samples was

hen extracted using elution buffer, incubated with RNase A at 65 °C

vernight, incubated with proteinase K for 1 h, extracted using phe-

ol/chloroform/isoamyl alcohol, precipitated with ethanol, and resus-

ended in 30 𝜇L of water at last. The follow-up quantification was con-

ucted using qRT-PCR. 

NA immunoprecipitation (RIP) assay 

RIP assay was conducted generally following previous reports [35] .

n brief, cell lysate was incubated with anti-SNAIL or IgG for 4 h at 4 °C.

repared protein A magnetic beads were mixed with samples, shaken

ently for 2 h, then eluted and treated with DNase and Proteinase K.

amples were extracted using phenol/chloroform/isoamyl alcohol and

recipitated with ethanol, then the precipitated RNAs were resuspended

ith RNase-free water. Complementary DNA was reverse transcript us-

ng random primer. The follow-up quantification was conducted using

RT-PCR amplifications. 

https://www.ncbi.nlm.nih.gov/tools/primer-blast
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Fig. 2. The effect of low level of HOTAIR on the viability, migration, invasion and EMT of colorectal cancer cells 

(A) Plots of the relative expression of HOTAIR in colorectal cancer cells expressing 4 shRNAs against HOTAIR detected by qRT-PCR. (B-C) Plots of cell proliferation 

of colorectal cancer cells expressing sh-HOTAIR or sh-NC assessed by MTT and BrdU assay. (D) Representative images and plots of the metastasis and invasion ability 

of colorectal cancer cells expressing sh-HOTAIR or sh-NC assessed by Transwell assay. (E) Representative images and plots of the apoptosis of colorectal cancer 

cells expressing sh-HOTAIR or sh-NC by Annexin V assay. (F) Representative images of protein levels of E-CADHERIN, VIMENTIN, SLUG and N 

–CADHERIN assessed 

by western blot. (G) Representative images of E-CADHERIN and N 

–CADHERIN expression in colorectal cancer cells expressing sh-HOTAIR or sh-NC, assessed by 

immunofluorescence assay. Wild-type of P53R and HT29 cells were shown as control group. 𝛽-actin was taken as internal control in qRT-PCR and western blot assay. 

n = 3. ∗ P < 0.05, ∗ ∗ P < 0.01, ∗ ∗ ∗ P < 0.001. 4 
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Fig. 2. Continued 
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Cells were fixed in 3.7% paraformaldehyde, washed twice with

BS after fixation, and then blocked in 2% FBS/2% BSA in PBS with

.1% NP40 for 45 min. Cells were then treated with antibodies of E-

ADHERIN (Cell Signaling Technology, 14,472) and N 

–CADHERIN (Cell

ignaling Technology, 13,116) for 1 hour. After washed, samples were

ncubated with secondary antibodies in the same blocking buffer (Goat

nti-house IgG, Cy3, A22210, Abbkine, and Goat Anti-rabbit IgG, Cy5,

11–175–144, Jackson). After washed, DAPI solution was added to each

ample and incubate for 15 min, wash twice. Mounting solution and

overslip were added. Samples were observed with fluorescence micro-

cope. 
5 
NA pull-down 

RNA pull-down was performed using Pierce TM Magnetic RNA-

rotein Pull-Down Kit (Thermo Fisher Scientific) following the speci-

cation. Cells were harvested, washed and lysed using Pierce IP Lysis

uffer (Thermo Scientific) supplemented with proteinase inhibitors. Af-

er incubation and homogenate, samples were centrifuged for 20 min at

3,000 RPM in 4 °C, and supernatant were collected for further study.

OTAIR RNA transcripts were obtained using T7 in vitro transcription

it (Biomics Biotech) and labeled using Pierce RNA 3‘Desthiobiotinyla-

ion Kit. Labeled HOTAIR RNA (100 pmol) was used to mix with 50

L pre-washed beads, incubated at room temperature. After 30 min,

he supernatant was removed, and the beads were washed twice for
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Fig. 3. The interaction among HOTAIR, SNAIL and HNF4 𝛼 in colorectal cancer cells 

(A) Plots of the relative expression of SNAIL and HNF4 𝛼 mRNA in FHC, P53R and HT29 assessed by qRT-PCR. (B) Representative images of protein levels of SNAIL 

and HNF4 𝛼 in FHC, P53R and HT29 cells assessed by western blot. (C) Plots of the relative expression of SNAIL and HNF4 𝛼 mRNA in colorectal cancer cells expressing 

sh-HOTAIR or sh-NC assessed by qRT-PCR. (D) Representative images of protein levels of SNAIL and HNF4 𝛼 in colorectal cancer cells expressing sh-HOTAIR or sh-NC 

assessed by western blot. (E) Protein levels of SNAIL precipitated with biotin labeled HOTAIR were assessed by western blot in RNA pull-down assay. GAPDH was 

taken as the internal control. Biotin-labeled antisense transcript was taken as negative control. (F) The RNA levels of HOTAIR precipitated with SNAIL by anti- 

SNAIL/SNAIL complex were assessed by qRT-PCR in RIP assay. IgG was taken as negative control. 𝛽-actin was taken as internal control. (G) Representative images 

of levels of HNF4 𝛼 promoter precipitated with anti-SNAIL/SNAIL complex were assessed by semi-quantitative PCR assessed by CHIP assay. GAPDH was taken as the 

internal control. IgG was taken as negative control in qRT-PCR and western blot assay. n = 3. ∗ P < 0.05, ∗ ∗ P < 0.01, ∗ ∗ ∗ P < 0.001. 
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rotein-binding. Cell lysate was prepared following the manual, added

nto RNA-bound beads and incubated 1 h at 4 °C with rotation. After

ashing, binding proteins were eluted and assessed using western blot.

enograft assay and liver metastases model 

Xenograft assay was used to analyze the function of HOTAIR in vivo .

nimal experiment in this study was approved by the ethics committee

f Medical ethics committee, The Third Xiangya Hospital, Central South

niversity. In brief, 1 ×10 7 sh-NC or sh-HOTAIR expressing cells were

njected to nude mice in flanks subcutaneously. The growth of tumors

as observed for a total of 35 days. The tumor volumes were analyzed

or each time point. Xenograft experiments were conducted with 5 bio-

ogical duplications. 

Liver metastases model in nude mice were preformed following

awaguchi et al. reported previously [36] . In brief, after washed with

erum-free medium, 5 ×10 5 sh-NC or sh-HOTAIR expressing cells (re-

uspended in serum-free medium with 50% matrigel) were injected into

pleen at the superior and inferior pole. Four weeks later, all experimen-

al nude mice were euthanized using CO asphyxiation and decapitated.
2 

6 
iver tissues were sampled, fixed in 10% formalin and then embedded

sing paraffin, stored for further analyses. 

ematoxylin-Eosin (HE) staining 

Paraffin sections (5- 𝜇m thick) were treated for deparaffinization and

ehydration, stained with hematoxylin solution for 5 min, washed with

ater and dipped in 1% hydrochloric acid ethanol (1% HCl in 70%

thanol) for 5 s, and then washed in deionized water. Next, eosin solu-

ion was used to stain the sections. After 2 min of staining, the sections

ere washed with deionized water, 80% ethanol, 95% ethanol, 100%

thanol in turn to be dehydrated. After dehydration, the sections were

leared in xylene and mounted. Following observation and photograph-

ng were conducted using fluorescence microscope (Olympus, Tokyo,

apan). 

mmunohistochemistry (IHC) assay 

In brief, blocked tissues were sectioned at a 5- 𝜇m thickness. Slides

ere deparaffinized and hydrated in a series washes using xylenes and
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Fig. 4. The effect of high level of HNF4 𝛼 on the viability, migration, invasion and EMT of colorectal cancer cells 

(A) Plots of the relative expression of HNF4 𝛼 in colorectal cancer cells overexpressing HNF4 𝛼 detected by qRT-PCR. (B-C) Plots of cell proliferation of colorectal cancer 

cells overexpressing HNF4 𝛼 assessed by MTT and BrdU assay. (D) Representative images and plots of the metastasis and invasion ability of colorectal cancer cells 

overexpressing HNF4 𝛼 by Transwell assay. (E) Representative images and plots of the apoptosis of colorectal cancer cells overexpressing HNF4 𝛼 by Annexin V assay. 

(F) Representative images of protein levels of E-CADHERIN, VIMENTIN, SLUG and N-CADHERIN in colorectal cancer cells overexpressing HNF4 𝛼 assessed by western 

blot. (G) Representative images of E-CADHERIN and N 

–CADHERIN expression in colorectal cancer cells overexpressing HNF4 𝛼 assessed by immunofluorescence assay. 

Wild-type of P53R and HT29 cells were shown as control group. P53R and HT29 cells transfected with mock-vector were taken as negative control. 𝛽-actin was taken 

as internal control in qRT-PCR and western blot assay. n = 3. ∗ P < 0.05, ∗ ∗ P < 0.01, ∗ ∗ ∗ P < 0.001. 
7 
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Fig. 4. Continued 
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rogressively diluted alcohols to water. After washed, the slides were

oiled in 10 mM sodium citrate buffer (pH 6.0) and maintain a sub-

oiling temperature for 10 min. Sections were then washed and incu-

ated in 3% hydrogen peroxide for 10 min. After washed, sections were

locked with 200 μl blocking solution for 1 hour at room temperature.

fter removing blocking buffer. primary antibodies were then added

o sections and incubated for 30 min. Sections were then washed, incu-

ated with biotin-conjugated secondary antibodies, horseradish perox-

dase enzyme–conjugated streptavidin, and diaminobenzidine, respec-

ively. Sections were dehydrated in a series of alcohols and xylenes, and

bserved using microscopic evaluation. 
8 
tatistical analysis 

Data were shown as mean ± SD of at least three biological repli-

ates. For comparisons between 2 groups, unpaired Student t -test was

onducted. P < 0.05 was considered as statistically significant for t -test.

or the comparison among multiple groups, one-way ANOVA and Bon-

erroni post-hoc test were conducted. All statistical analyses were per-

ormed using GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla,

A, USA). 
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Fig. 5. The effect of double-knockdown of HOTAIR and SNAIL on the viability, migration, invasion and EMT of colorectal cancer cells 

(A) Plots of the relative expression of SNAIL mRNA in colorectal cancer cells expressing 4 shRNAs against SNAIL. (B) HNF4 𝛼 mRNA expression was detected by qRT- 

PCR. (C-D) Plots of cell proliferation of colorectal cancer cells expressing sh-HOTAIR, sh-Snail or both, assessed by MTT and BrdU assay. (E) Representative images 

and plots of the metastasis and invasion ability of colorectal cancer cells expressing sh-HOTAIR, sh-Snail or both, assessed by Transwell assay. (F) Representative 

images and plots of the apoptosis of colorectal cancer cells expressing sh-HOTAIR, sh-Snail or both, by Annexin V assay. (G) Representative images of protein levels 

of E-CADHERIN, VIMENTIN, SLUG and N 

–CADHERIN in colorectal cancer cells expressing sh-HOTAIR, sh-Snail or both, assessed by western blot. (H) Representative 

images of E-CADHERIN and N 

–CADHERIN expression in colorectal cancer cells expressing sh-HOTAIR, sh-Snail or both, assessed by immunofluorescence assay. 

Wild-type of P53R and HT29 cells were shown as control group. P53R and HT29 cells transfected with sh-NC were taken as negative control. 𝛽-actin was taken as 

internal control in qRT-PCR and western blot assay. n = 3. ∗ P < 0.05, ∗ ∗ P < 0.01, ∗ ∗ ∗ P < 0.001. 

9 
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Fig. 5. Continued 
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OTAIR is highly expressed in colorectal cancer tissue and cell lines 

To explore the correlation between HOTAIR and colorectal cancer,

rst, we analyzed the expression level of HOTAIR in colorectal cancer

issue and the adjacent tissue based on 10 pairs of colorectal cancer tis-

ue and the adjacent tissue samples. Results showed that the expression

f HOTAIR was significantly higher in colorectal tumor tissue than that

n adjacent tissue ( Fig. 1 A). In addition, ISH assay was conducted to

resent the expression and distribution of HOTAIR in colorectal cancer

issue and the adjacent tissue. Result also showed higher expression of

OTAIR, which distributed in both nucleus and cytoplasm, in colorectal

ancer tissue ( Fig. 1 B).We further assessed the expression of HOTAIR in

olorectal cancer cell lines, including P53R, HT29, SW480 andHCT116.

HC cells, human normal colorectal mucosal cells, were used as control

ell line. Consistent result was shown in colorectal cancer cell lines that

omparing with FHC cells, the expression of HOTAIR was significantly

igher in each colorectal cancer cell lines ( Fig. 1 C). Thus, from aspects

f both patient tissues and database, a higher expression of HOTAIR was
emonstrated in colorectal cancer. T  

10 
nock-down of HOTAIR inhibits the viability, migration, invasion and EMT

f colorectal cancer cells 

First, we constructed stable P53R and HT29 cell strains with stable

xpression of shRNA targeting HOTAIR. The efficacy of sh-RNAs tar-

eting HOTAIR were detected by qRT-PCR ( Fig. 2 A). The expression of

h-RNA-2 (sh-HOTAIR) effectively suppressed the level of HOTAIR to

ess than 50% in both P53R and HT29 cells and was used in the fol-

owing study. MTT and BrdU assays were performed to investigate the

nfluence of HOTAIR on colorectal cancer cell viability and proliferation

 Fig. 2 B&C). Compare with sh-NC group, the proliferation of P53R cells

fter transfected with sh-HOTAIR was significantly reduced. Consistent

esult was found in HT29 cells, showed that low level of HOTAIR in-

ibits the proliferation of colorectal cancer cells. Transwell assay also

howed that the migration and invasion capacity of colorectal cancer

ells with low HOTAIR level was weaker than the control groups for both

53R and HT29 cells ( Fig. 2 D). Using Annexin V assay, we found that

h-HOTAIR induced the cell apoptosis in colorectal cancer cells as well

 Fig. 2 E). In addition, we assessed the expression of several biomarkers

f EMT to evaluate the EMT of colorectal cancer cells with low HO-

AIR level. E-CADHERIN, VIMENTIN, SLUG and N 

–CADHERIN were
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Fig. 6. The effect of double-knockdown of HOTAIR and HNF4 𝛼 on colorectal cancer cells 

(A) Plots of the relative expression of HNF4 𝛼 in colorectal cancer cells expressing 4 shRNAs against HNF4 𝛼. HNF4 𝛼 expression was detected by qRT-PCR. (B) Plots 

of the relative expression of HNF4 𝛼 in colorectal cancer cells expressing sh-HOTAIR, sh-HNF4 𝛼 or both. (C-D) Plots of cell viability and representative images of 

proliferation of colorectal cancer cells expressing sh-HOTAIR, sh-HNF4 𝛼 or both, assessed by MTT assay and BrdU assay. (E) Representative images and plots of the 

metastasis and invasion ability of colorectal cancer cells expressing sh-HOTAIR, sh-HNF4 𝛼 or both, assessed by Transwell assay. (F) Representative images and plots 

of the apoptosis of colorectal cancer cells expressing sh-HOTAIR, sh-HNF4 𝛼 or both, by Annexin V assay. (G) Representative images of protein levels of E-CADHERIN, 

VIMENTIN, SLUG and N 

–CADHERIN in colorectal cancer cells expressing sh-HOTAIR, sh-HNF4 𝛼 or both, assessed by western blot. (H) Representative images of 

E-CADHERIN and N 

–CADHERIN expression in colorectal cancer cells expressing sh-HOTAIR, sh-HNF4 𝛼 or both, assessed by immunofluorescence assay. Wild-type of 

P53R and HT29 cells were shown as control group. P53R and HT29 cells transfected with sh-NC were taken as negative control. 𝛽-actin was taken as internal control 

in qRT-PCR and western blot assay. n = 3. ∗ P < 0.05, ∗ ∗ P < 0.01, ∗ ∗ ∗ P < 0.001. 

11 
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Fig. 6. Continued 
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etected by western blot and immunofluorescence assay ( Fig. 2 F&G),

nd found that, for both P53R and HT29, the decrease of HOTAIR in-

uced E-CADHERIN expression, reduced the level of VIMENTIN, SLUG

nd N 

–CADHERIN in protein level, indicating a reversion of EMT was

riggered by sh-HOTAIR in colorectal cancer cells. 

OTAIR suppresses HNF4 𝛼 via recruiting SNAIL 

To clarify the interactive relationship among HOTAIR, SNAIL and

NF4 𝛼, the differential expression of SNAIL and HOTAIR in colorectal

ancer cells and normal colorectal mucosal cells were assessed by qRT-

CR and western blot assay. In both RNA level and protein level, the

xpression of SNAIL was higher in P53R and HT29 cells than that in

HC cells. Whereas HNF4 𝛼 showed a reverse trend that expressed lower

n P53R and HT29 cells than FHC cells ( Fig. 3 A&B). The expression of

NAIL and HNF4 𝛼 under low HOTAIR condition was further assessed in

he HOTAIR knockdown cell lines. From both RNA and protein aspect,

omparing with wild-type control cells, HNF4 𝛼 expression was signifi-

antly higher in both sh-HOTAIR-P53R and sh-HOTAIR-HT29, while the

xpression of SNAIL was unchanged in the two cell lines. ( Fig. 3 C&D),

ndicating that HOTAIR could have inhibitory effect on HNF4 𝛼, but not

n SNAIL. 

The effect of HOTAIR on Snail-mediated repression suggests the pos-

ibility that HOTAIR may interact with SNAIL [25] . Thus, we explored

he interaction of HOTAIR and SNAIL by RNA pull-down and RIP as-

ay. Biotin labeled HOTAIR RNA transcript was used to pull-down in-

eracting proteins with the antisense transcript as control. As shown in

ig. 3 E, SNAIL was found to bind with HOTAIR in P53R cells. This spe-
12 
ific HOTAIR-SNAIL binding was verified by RIP assay in both P53R and

T29 cells ( Fig. 3 F). Furthermore, to confirm the function of SNAIL in

he regulatory process, ChIP assay was conducted to analysis the inter-

ction between SNAIL and HNF4 𝛼. In both P53R and HT29 cells, specific

inding of SNAIL with HNF4 𝛼 promoter was found, indicating a direct

inding of SNAIL to the promoter of HNF4 𝛼 in colorectal cancer cells

 Fig. 3 G). Taken together, these results supported the hypothesis that

OTAIR recruited SNAIL and suppressed the expression of HNF4 𝛼 sub-

equently in colorectal cancer cells. 

verexpression of HNF4 𝛼 inhibits the viability, migration, invasion and 

MT of colorectal cancer cells 

Given that the down-regulation of HOTAIR induced HNF4 𝛼 expres-

ion, and repressed the viability, migration, invasion and EMT of col-

rectal cancer cells, the effect of HNF4 𝛼 was further investigated based

n colorectal cancer cell lines stable overexpressing HNF4 𝛼. Data in

ig. 4 A showed the efficiency of overexpression. The levels of HNF4 𝛼

ncreased to around 3-fold in overexpressing P53R and HT29, compar-

ng with those of mock-vector groups. According to the results of MTT,

ranswell and Annexin V assay, overexpression of HNF4 𝛼 reduced the

ell viability, migration, invasion capacity, and induced the apoptosis

f P53R and HT29 cells ( Fig. 4 B-E). In addition, western blot and im-

unofluorescence results showed that high level of HNF4 𝛼 induced E-

ADHERIN expression, and reduced the level of VIMENTIN, SLUG and

 

–CADHERIN ( Fig. 4 F&G), suggested a reversion of EMT. Therefore,

verexpressing of HNF4 𝛼 induced the apoptosis, inhibited the viability,

igration, invasion and EMT of P53R and HT29. 
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Fig. 7. The effect of HOTAIR on the viability, migration, invasion and EMT of colorectal cancer in vivo 

Xenograft assay was preformed and sh-HOTAIR expressing P53R and HT29 were injected to nude mice in flanks subcutaneously. (A) Picture of the tumors formed 

in nude mice injected P53R and HT29 that expressing sh-HOTAIR or shNC. (B) Plots of the tumor volumes in 35 days. The tumor volumes were assessed at day 7, 

14, 21, 28 and 35. (C) Representative images of protein levels of SNAIL and HNF4 𝛼 in colorectal cancer cells expressing sh-HOTAIR or shNC, assessed by western 

blot. Wild-type of P53R and HT29 cells were shown as control group. P53R and HT29 cells transfected with sh-NC were taken as negative control. 𝛽-actin was taken 

as internal control. (D) Representative images of E-CADHERIN and VIMENTIN expression in tumors generated from colorectal cancer cells expressing sh-HOTAIR or 

sh-NC, assessed by IHC assay. (E) Representative images of the liver metastasis status of colorectal cancer cells expressing sh-HOTAIR or shNC, based on colorectal 

cancer liver metastases model in nude mice. (F) Plots of the number of liver metastatic foci per section in the colorectal cancer liver metastases model in nude mice. 

n = 5. ∗ P < 0.05, ∗ ∗ P < 0.01, ∗ ∗ ∗ P < 0.001. 
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he promotive effect of HOTAIR on the viability, migration, invasion and 

MT of colorectal cancer cells depends on the inhibition of SNAIL on 

NF4 𝛼

To further address the hypothesis that HOTAIR inhibits HNF4 𝛼 via

ecruiting SNAIL, sh-SNAIL was stable transfected to P53R and HT29

ells with or without sh-HOTAIR to investigate the regulatory function

f HOTAIR on HNF4 𝛼 in a low-Snail condition. Four shRNAs of SNAIL

ere tested for the knock-down efficacy in P53R and HT29 cells and

h-SNAIL-4 was selected to use in the following experiments ( Fig. 5 A).

RT-PCR result showed that both sh-HOTAIR and sh-SNAIL led to the

ncrease of HNF4 𝛼 level in both P53R and HT29 cells ( Fig. 5 B). In the

ollowing analysis of MTT assay, Annexin V assay, Transwell assay and

etection of EMT biomarkers by both western blot and immunofluores-

ence assay, the inhibition of cell viability, migration and invasion, the

romotion of apoptosis, and the reversion of EMT were found to be trig-

ered by either sh-HOTAIR or sh-SNAIL ( Fig. 5 C 

–H). More importantly,

he double knockdown of HOTAIR and SNAIL didn’t trigger stronger re-

ponses comparing with those indued by single knockdown of HOTAIR

r SNAIL, indicated that the regulatory function of HOTAIR on the vi-

bility, migration, invasion and EMT of colorectal cancer cells depends

n the inhibition on HNF4 𝛼. 

he effect of double-knockdown of HOTAIR and HNF4 𝛼 on colorectal 

ancer cells 

To further investigate the correlation between HOTAIR and HNF4 𝛼,

e invastigated whether the loss of HNF4 𝛼 could rescue the knock-down

f HOTAIR, and the effect of low levels of both HOTAIR and HNF4 𝛼 on

olorectal cancer cells. Four shRNAs of HNF4 𝛼 were tested for the effi-

acy and sh-HNF4 𝛼− 1 (sh-HNF4 𝛼) was selected for the following exper-

ments ( Fig. 6 A). It was shown that comparing with sh-HNF4 𝛼 group,

nock-down of both HOTAIR and HNF4 𝛼 resulted in a higher level of

NF4 𝛼, indicating a potential up-regulation of HNF4 𝛼 induced by HO-

AIR ( Fig. 6 B). In the following analysis of MTT assay and BrdU assay,

nockdown of HNF4 𝛼 reversed the inhibitory effect of HOTAIR knock-

own on cell viability and proliferation ( Fig. 6 C&D). According to the

esults of Transwell assay, Annexin V assay and the detection of EMT

iomarkers by both western blot and immunofluorescence assay, in a

ertain extent, knock-down of HNF4 𝛼 reversed the effect of sh-HOTAIR

n the migration and invasion capaticy, on cell apoptosis, and on the

MT of colorectal cancer cells ( Fig. 6 E-H). These results showed knock-

own of HNF4 𝛼rescued the phonotypes found in sh-HOTAIR cells, sug-

ested a regulatory effect of HOTAIR on HNF4 𝛼. 

onckdown of HOTAIR suppressed the growth, migration and invasion of 

olorectal tumor in nude mice 

Xenograft assay was proformed to invistigate the effect of HOTAIR

n the tumorigenesis ability of colorectal cancer cells. sh-HOTAIR ex-

ressing P53R and HT29 were injected to nude mice in flanks subcu-

aneously, the tumor volume was observed every 7 days from day 7

o day 35. Fig. 7 A and B showed that for both P53R and HT29, the

olume of tumors in sh-HOTAIR group was significantly smaller than

hat in control groups, indicating an inhibited tumorigenesis ability in

h-HOTAIR expressing colorectal cancer cells. We further assessed the

xpression of SNAIL and HNF4 𝛼 in the tumores generated in sh-NC and

h-HOTAIR groups by western blot, and found that the level of HNF4 𝛼

rotein increased in sh-HOTAIR expressing P53R and HT29, consistent

ith what we found in vitro experiments ( Fig. 7 C). IHC assay showed

he higher level of E-CADHERIN and the lower level of VIMENTIN trig-

ered by sh-HOTAIR in vivo. Moreover, nude mice model of colorectal

ancer liver metastases was established to investigate the effect of HO-

AIR on colorectal cancer liver metastasis in vivo . HE staining showed

hat the number of liver metastatic foci per section in sh-HOTAIR group
14 
ecreased to about 30% comparing with that in control group ( Fig. 7 E).

n summary, low level of HOTAIR induced the expression of HNF4 𝛼, and

uppressed the tumorigenesis and liver metastasis capacity of colorectal

ancer in vivo . 

iscussion 

Current conventional therapy of colorectal cancer is surgery com-

ined with chemotherapy and radiotherapy. However, the lack of ef-

ective early diagnostic approach make the treatment harder, the oc-

urrence of recurrence and metastases further Increased the mortality

 37 , 38 ]. Therefore, it is essential to explore novel target of colorectal

ancer for early diagnosis and precision therapy. In current study, we

emonstrated that HOTAIR regulates the level of a cancer suppressor

ene HNF4 𝛼, via recruiting the transfection factor SNAIL in colorectal

ancer cells, and further inhibits the EMT, viability, migration and in-

asion of colorectal cancer cells both invitro and in vivo . 

LncRNAs have been revealed to play vital roles in cancers, especially

OTAIR [ 12 , 39 ]. The elevated level of HOTAIR in colorectal tumor tis-

ue and colorectal cancer cell lines implied the correlation between HO-

AIR and the development of colorectal cancer. Besides, HOTAIR was

eported to induce the EMT in several cancers [40–44] , and EMT is

losely related with the tumorigenesis and progression of epithelial ma-

ignancy, and highly regarded by investigators [45] . Other studies also

hown that HOTAIR binds to PRC2 & LSD1 (lysine-specific demethylase

), and act as a scaffold of histone modification complexes [46] and the

enetic variants in HOTAIR were associated with the risk of colorectal

ancer [47] . Taken together, the regulatory function and the molecular

echani of HOTAIR in colorectal cancer is worth to clarify. In hepa-

ocytes, HOTAIR was reported to recruit SNAIL, suppress downstream

enes expression, and impact cell viability and EMT suppress the ex-

ression of downstream genes and then regulate hepatocyte viability

nd EMT [15]. Moreover, SNAIL was reported to regulate the differen-

iation of hepatocytes via repressing HNF4 𝛼 [34] , which also has been

entioned with the regulatory function on the epithelial phenotype in

ther studies [ 48 , 49 ]. Thus, we discussed the correlation among HO-

AIR, SNAIL and HNF4 𝛼, and their regulatory function in the progres-

ion of colorectal cancer. 

First, we determined that suppressing either HOTAIR or SNAIL in-

ividually would repress the EMT of colorectal cancer cells, which is

onsistent with previous studies. It’s worth noting that the double-

nockdown of HOTAIR and SNAIL didn’t show a better inhibition of

olorectal cancer cells, suggesting that HOTAIR and SNAIL could play

heir role in the same pathway. Then, RNA pull-down and RIP experi-

ents were performed to demonstrate the direct binding between HO-

AIR and SNAIL. Additional in vivo experiments were conducted using

h-HOTAIR expressing cell lines, the lower tumorigenesis and metastasis

apacity of sh-HOTAIR expressing cell lines further confirmed that the

ecrease of HOTAIR regulates the EMT, viability, migration and inva-

ion of colorectal cancer cells. Identifying that HNF4 𝛼 works as a down-

tream gene of HOTAIR in colorectal cancer further supplemented the

egulatory network of HNF4 𝛼. 

onclusions 

In summary, current study revealed that HOTAIR is an oncogene of

olorectal cancer. The inhibition of HOTAIR repressed the viability and

etastasis of colorectal cancer cell line in vitro , and suppressed the tu-

origenesis, migration and invasion of colorectal cancer in vivo . Further-

ore, we demonstrated that the molecular mechanism of the regulatory

rocess is that HOTAIR recruits SNAIL, reduce the expression of HNF4 𝛼,

nd then inhibit the EMT of colorectal cancer cells. Our study provides

urther insight into the regulatory mechanism of HOTAIR regulation in

olorectal cancer, and potential novel lncRNA-directed early diagnosis

nd therapy of colorectal cancer. 
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