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HOTAIR regulates colorectal cancer stem cell properties and promotes 
tumorigenicity by sponging miR-211-5p and modulating FLT-1
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ABSTRACT
We intended to investigate the underlying mechanism of action of long noncoding RNA (lncRNA) 
HOX transcript antisense RNA (HOTAIR) in colorectal cancer (CRC) progression, especially in tumor 
cell stemness. For that purpose, different assays were performed such as real-time PCR and 
western blotting to determine the expression of target genes. Cell stemness was determined by 
sphere formation assay, flow cytometry assay, and the analysis of stemness-related markers. The 
interplay among target genes was evaluated using bioinformatics analyses, luciferase reporter and 
biotin-labeled RNA pull down assays. We found that HOTAIR was highly expressed and predicted 
poor prognosis survival in CRC. Downregulation of HOTAIR repressed tumor malignant behaviors 
and cancer stemness. Mechanistically, HOTAIR facilitated the expression of the microRNA (miR)- 
211-5p target gene fms-like tyrosine kinase-1 (FLT-1), thereby modulating cancer stem cell (CSC) 
properties in CRC. We conclude that HOTAIR/miR-211-5p/FLT-1 axis contributes to CRC cancer 
stemness.
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Introduction

Colorectal cancer (CRC) accounts for 10% of glo-
bal cancer incidence [1,2]. Due to the influence of 
lifestyle and other factors, CRC is the second lead-
ing cause of cancer death in developed countries 
[3]. At present, the alternative treatment methods 
for CRC include surgical operation, endoscopy, 
chemotherapy and radiotherapy; however, the 
therapeutic efficacy is not optimistic [4]. Cancer 
stem cells (CSCs) are a rare type of cells with 
pluripotent differentiation potentials and self- 
renewal abilities in malignant tumor tissues [5]. 
To our knowledge, CSCs are considered the lead-
ing cause for tumor metastasis and recurrence [6].

Long noncoding RNAs (lncRNAs) refer to 
a class of RNA transcripts that are longer than 
200 nucleotides without protein-coding potentials 
[7]. They are recognized as crucial regulators of 
malignant tumors by regulating cell proliferation, 
differentiation, apoptosis, and survival [8], and the 
maintenance of CSCs [9]. HOX transcript anti-
sense RNA (HOTAIR) has been identified as 
a carcinogenic lncRNA in diverse malignancies.

For example, the lncRNA HOTAIR can promote 
the occurrence and progression of breast cancer 
[10], oral squamous cell carcinoma [11] and ovar-
ian cancer [12]. In addition, HOTAIR contributes 
to the stemness of colorectal cancer stem cells 
(CCSCs) [13]. However, the molecular mechanism 
by which HOTAIR regulates CCSCs remain 
unclear. In this work, we found that HOTAIR 
was highly expressed in the CRC tissues. Also, 
several CRC cell lines and especially 
CD133+CD44+ CSCs showed higher expression 
of HOTAIR. Consequently, CRC cells (HCT116 
and LoVo) with HOTAIR inhibition were estab-
lished to examine its function. Results showed 
HOTAIR silencing impaired the stemness of 
CSCs and inhibited cancer cell migration and 
invasion. Further, miR-211-5p was demonstrated 
to be the target of HOTAIR and subsequently 
regulated the expression of FLT-1. Overall, identi-
fication of HOTAIR in CSCs could be a novel 
diagnostic marker for CRC as well as provided 
a new insight into CRC treatment, prognosis and 
next-step translational investigations.
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Materials and methods

Patients

Paired tumor and adjacent normal tissues were 
collected from 50 CRC patients undergoing surgi-
cal excision from January 2013 to March 2015 
after signed informed consent. Overall survival 
was used as a prognostic indicator. This study 
was approved by the Ethics Committee of The 
First Affiliated Hospital of Jinzhou Medical 
University.

Cell lines

Human HCT116, SW480, LoVo, and HT29 cell 
lines and normal colon epithelial NCM460 cells, 
purchased from the National Collection of 
Authenticated Cell Cultures (Shanghai, China) 
were all maintained in RPMI-1640 media contain-
ing 10% fetal bovine serum at 37°C with 5% CO2.

Transfection

The lentivirus vector containing short hairpin 
RNA targeted HOTAIR (sense, 5′- 
GATCCCCGAACGGGAGTACAGAGAGATTC-
AAGAGATCTCTCTGTACTCCCGTTCTTTTT-
GGAAA-3′; antisense, 5′-AGCTT 
TTCCAAAAAGAACGGGAGTACAGAGAGAT-
CTCTTGAATCTCTCTGTACTCCCGTTCGGG- 
3′) or scramble sequences (sense, 5′- 
GATCCCCTTCTCCGAACGTGTCACGTTTCA-
AGAGAACGTGACACGTTCGGAGATTTTTG-
GAAA-3′; antisense, 5′- 
AGCTTTTCCAAAATTCTCCGAACGTGTCAC-
GTTCTCTTGAAACGTGACACGTTCGGAGAA-
GGG-3′) were amplified and packaged by 
GeneChem (Shanghai, China). Using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA), lentivirus plasmids were transfected into 
HEK293T cells, and the supernatant was collected

48 h after transfection. HCT116 and LoVo cells 
were incubated with the liquid supernatant for 
lentivirus infection. Meanwhile, miR-211-5p 
mimic, inhibitor, FLT-1 overexpression vector, or 
the corresponding negative controls were trans-
fected into cells. Transfection efficiency was ana-
lyzed at 48 h posttransfection.

Real-time PCR

Total RNA was isolated from tissues or cultured 
cells using TRIzol reagent (Invitrogen), and added 
for cDNA synthesis using PrimeScript™ 1st Strand 
cDNA Synthesis Kit (Takara Biomedical 
Technology, Beijing, China). The 2−ΔΔCt method 
was applied to calculate the expression of 
HOTAIR, miR-211-5p, and FLT-1, using U6 and 
GAPDH as normalizing controls. The primers 
were shown in Table 1.

Immunoblotting

Proteins isolated from cultured cells were loaded 
on 12% electrophoresis gels and prepared for elec-
troblotting. The primary antibodies were used: 
rabbit monoclonal anti-FLT-1 (#64,094), anti- 
Nanog (#4903), Sox2 (#3579), Oct4 (#2890) and 
anti-GAPDH (#5154), purchased from Cell 
Signaling Technology (Shanghai, China). Bound 
signals were visualized after incubation with IgG 
secondary antibody (#7074).

Cell proliferation assays

After 48 h transfection, the number of surviving 
HCT116 and LoVo cells was assessed after adding 
the commercial CCK-8 kit (Beyotime 
Biotechnology, Shanghai, China). Meanwhile, as 
described in other articles [14,15], 500 cells were 
incubated for 14 days at 6-well plates, and the

Table 1. Primers for qRT-PCR.
Forward (5′–3′) Reverse (5′–3′)

HOTAIR CAGTGGGGAACTCTGACTCG GTGCCTGGTGCTCTCTTACC
miR-211-5p ACACTCCAGCTGGGCAAGTAGCATCAACTA TGGTGTCGTGGAGTCG
FLT-1 AGCAGGTGCTTGAAACCGTAG GTCGCAGGTAACCCATCTTTT
U6 CTCGCTTCGGCAGCACATATACT CGCTTCACGAATTTGCGTGT
GAPDH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC
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colony numbers were afterward counted after fixa-
tion and staining.

Transwell migration and invasion assays

Based on the published reports [16,17], HCT116 
and LoVo cells were loaded onto the Matrigel- 
coated or -uncoated upper chamber, while the 
culture medium containing serum was added to 
the lower chamber. After incubation for 24 h, the 
filters were removed. Thereafter, the migrated or 
invaded cells were photographed and counted 
under microscopy (Olympus Corporation, Tokyo, 
Japan).

Spheroid formation assay

The capability of self-renewal was assessed by 
spheroid formation assay in HCT116 and LoVo 
cells. Cells (5 × 103 cells/well) were grown in 
6-well ultralow attachment plates. The spheroid 
numbers were analyzed using microscopy after 
14 days.

Flow cytometry

CD133+CD44+ and CD133−CD44− subpopulations 
were sorted from HCT116 and LoVo cells by 
magnetic activated cell sorting (MACS) method. 
Briefly, the single-cell suspension (2 × 104 cells) 
was labeled on ice with PE-conjugated anti-CD133 
(ab252128) and FITC-conjugated anti-CD44 
(ab27285) antibodies (Abcam, Shanghai, China) 
for 30 min. The CD133+CD44+ and 
CD133−CD44− cells were obtained by using flow 
cytometer (Beckman Coulter, Brea, CA, USA).

Luciferase reporter assay

Luciferase assays were performed in HCT116 and 
LoVo cells following the co-transfection with 
HOTAIR or FLT-1-WT or -MUT reporter plas-
mids and miR-211-5p mimic or miR-NC.

RNA pull-down assay

The biotin-modified miR-211-5p or scramble 
sequences were incubated with the cell lysates of 
HCT116 and LoVo cells at room temperature for

1 h. The co-precipitated RNAs were isolated with 
streptavidin-labeled magnetic beads, and then sub-
jected to real-time PCR.

Xenograft experiment

Female BALB/c nude mice subcutaneously 
received LoVo cells (1 × 105) transfected with sh- 
HOTAIR or sh-NC (6 mice per group). After 
injection, the tumor size was measured every 
7 days. After 28 days, the tumor samples were 
processed for hematoxylin and eosin (H&E) stain-
ing as previously described [18,19].

Statistical analysis

Data were expressed as mean ± standard deviation 
(SD), and the differences were assessed by t test or 
ANOVA. P < 0.05 was considered to be statisti-
cally significant difference.

Results

HOTAIR is upregulated in CRC, and indicates 
poor prognosis

Compared to the normal tissues, HOTAIR expres-
sion was significantly increased in CRC tissues, 
(Figure 1(a)). Then, high HOTAIR expression 
was associated with poor overall survival 
(Figure 1(b)). It was found that HOTAIR was 
also upregulated in CRC cell lines (Figure 1(c)). 
We further selected HCT116 and LoVo cells for 
the isolation of CD133+CD44+ and CD133−CD44− 

subpopulations, the hallmarks of CCSCs, and 
observed a higher expression of HOTAIR in 
CD133+CD44+ cells than that in CD133−CD44− 

cells (Figure 1(d)). These results indicated 
CD133+CD44+ cells occupied the capacity of stem- 
like cells and HOTAIR might be closely associated 
with CSC stemness.

HOTAIR silencing inhibits stemness properties 
and tumorigenicity in CRC

The shRNA-mediated silencing of HOTAIR was 
performed in HCT116 and LoVo cells (Figure 2 
(a)). After the suppression of HOTAIR, the cell 
viability (Figure 2(b)) and colony formation
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(Figure 2(c)) were observably inhibited. 
Moreover, the downregulation of HOTAIR mark-
edly reduced cell migration and invasion 
(Figure 2(d)). The effect of HOTAIR on the char-
acteristics of CSCs was further explored. Sphere 
formation assay indicated that HOTAIR inhibi-
tion led to the reduction of tumor spheres num-
ber (Figure 2(e)). As evidenced by flow 
cytometric analysis, the percentage of 
CD133+CD44+ cells was memorably decreased 
upon HOTAIR deficiency (Figure 2(f)). 
Furthermore, the protein levels of stemness- 
related markers (Nanog, Sox2, and Oct4) were 
signally decreased after HOTAIR depletion 
(Figure 2(g)). We also analyzed the effects of 
HOTAIR knockdown on in vivo tumorigenicity 
via the establishment of tumor xenografts in nude 
mice. The knockdown of HOTAIR reduced the 
volume of the tumors (Figure 2(h-i)) and aggra-
vated tumor tissue necrosis (Figure 2(j)) in

comparison with the sh-NC group. These results 
indicated that HOTAIR is critical for the main-
tenance of CCSC properties.

HOTAIR interacts with miR-211-5p

It was predicted potential binding sites between 
miR-211-5p and HOTAIR (Figure 3(a)). Dual luci-
ferase reporter assay in HCT116 and LoVo cells 
showed that miR-211-5p mimic dramatically 
decreased the relative luciferase activity of 
HOTAIR-WT, while exhibiting no influence on 
HOTAIR-Mut (Figure 3(b)). In addition, biotin 
pull-down assay confirmed the interaction of 
HOTAIR and miR-211-5p in HCT116 and LoVo 
cells (Figure 3(c))). Furthermore, miR-211-5p 
expression was upregulated by HOTAIR knock-
down (Figure 3(d)). These data demonstrated the 
direct binding relationship between HOTAIR and 
miR-211-5p.

Figure 1. HOTAIR is upregulated in CCSCs, and indicates poor prognosis. (a) The expression levels of HOTAIR were significantly 
increased in tumor (CRC) tissues compared to normal (control) tissues. (b) Patients with high HOTAIR expression had overall survival 
than patients with low levels of HOTAIR. (c) The expression levels of HOTAIR were significantly increased in CRC cell lines (HCT116, 
SW480, LoVo, and HT29) compared to normal colon mucosal epithelial cell line NCM460. (d) The expression levels of HOTAIR were 
significantly increased in CD133+CD44+ HCT116 and LoVo cells than that in CD133−CD44− cells.
Data represented mean ± SD of three independent experiments. **P < 0.01. 
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Figure 2. HOTAIR knockdown inhibits the proliferation, migration, invasion, and stemness properties of CRC cells and suppresses the 
tumorigenicity. (a) Silencing HOTAIR declined HOTAIR levels in HCT116 and LoVo cells. Silencing HOTAIR meaningfully declined cell 
viability (b), colony formation (c), migration and invasion (d), tumor spheres number (e), the percentage of CD133+CD44+ cells (f) 
and the protein levels of stemness-related markers (Nanog, Sox2, and Oct4) (g). At the same time, the knockdown of HOTAIR also 
reduced the volume of the tumors (h-i) but aggravated tumor tissue necrosis (j).
Data represented mean ± SD of three independent experiments. **P < 0.01. 

CELL CYCLE 2003



MiR-211-5p overexpression impairs the stemness 
of CRC cells

The transfection of miR-211-5p mimic led to the 
upregulation of miR-211-5p in HCT116 and 
LoVo cells (Figure 4(a)). The inhibition abilities 
of miR-211-5p overexpression were also deter-
mined on cell proliferation (Figure 4(b-c)), 
migration and invasion (Figure 4(d)), respec-
tively. The ectopic expression of miR-211-5p 
led to a remarkable decrease in spheroid forma-
tion (Figure 4(e)), the proportion of 
CD133+CD44+ cells (Figure 4(f)) and the expres-
sion of Nanog, Sox2, and Oct4 (Figure 4(g)).

These results indicated that miR-211-5p influ-
enced cell stemness characteristics of CRC cells.

HOTAIR sponges miR-211-5p to upregulate the 
expression of FLT-1 in CRC cells

TargetScan (http://www.targetscan.org) showed the 
putative binding sites between miR-211-5p and 
3ʹUTR of FLT-1 (Figure 5(a)). Luciferase assay con-
firmed the binding association of miR-211-5p and 
FLT-1 (Figure 5(b)). As represented in Figure 5(c), 
the transfection of miR-211-5p inhibitor resulted in 
the interference of miR-211-5p in HCT116 and

Figure 3. HOTAIR interacts with miR-211-5p in CRC cells. (a) There existed a direct relationship between miR-211-5p and HOTAIR. (b) 
Dual luciferase reporter assay displayed that the luciferase activity in HOTAIR-wt + miR-211-5p mimic group was relatively weaker 
compared with that in HOTAIR-wt +miR-NC group. (c) Biotin pull-down assay confirmed the interaction of HOTAIR and miR-211-5p 
in HCT116 and LoVo cells. (d) The expression of miR-211-5p was upregulated in HCT116 and LoVo cells after HOTAIR knockdown.
Data represented mean ± SD of three independent experiments. **P < 0.01. 
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LoVo cells. Additionally, FLT-1 was reduced with 
HOTAIR knockdown; however, the downregulation 
of FLT-1 expression induced by HOTAIR silencing 
was attenuated by miR-211-5p inhibitor (Figure 5 
(d–e)). Thus, these results suggested that HOTAIR 
plays a role as a molecular sponge for miR-211-5p to 
regulate the expression of FLT-1.

HOTAIR/miR-211-5p/FLT-1 axis is critical for the 
maintenance of CCSC properties

The overexpression of FLT-1 was achieved by 
transfecting cells with FLT-1 overexpression plas-
mid (Figure 6(a)). Functional analysis suggested 
that the inhibition of miR-211-5p or restoration 
of FLT-1 expression attenuated the suppressive

Figure 4. MiR-211-5p overexpression impairs the stemness of CRC cells. (a) Overexpression of miR-211-5p meaningfully strength-
ened miR-211-5p mRNA levels in HCT116 and LoVo cells. Overexpression of miR-211-5p meaningfully declined cell viability (b), 
colony formation (c), migration and invasion (d), tumor spheres number (e), the percentage of CD133+CD44+ cells (f) and the protein 
levels of stemness-related markers (Nanog, Sox2, and Oct4) (g).
Data represented mean ± SD of three independent experiments. **P < 0.01. 
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effects of HOTAIR knockdown on cell prolifera-
tion (Figure 6(b,c)), migration and invasion 
(Figure 6(d)), sphere formation (Figure 6(e)), the 
percentage of CD133+CD44+ cells (Figure 6(f)), 
and the expression of Nanog, Sox2, and Oct4 
(Figure 6(g)). Taken together, these findings 
demonstrated the involvement of miR-125b down-
regulation or FLT-1 overrxpression in role of 
HOTAIR in promoting CRC cells, particularly, in 
the migration, invasion and stemness of cancer 
cells.

Discussion

There is mounting evidence that lncRNAs regulate 
CSC features in CRC progression. For example, 
Tang reported that MALAT1 promotes cancer 
cell stemness characteristics and accelerates 
tumor progression targeting miR-20b-5p/Oct4 
axis in CRC [20]. Another study showed that 
lncRNA BCAR4 maintains cancer cell stemness 
in CRC by sponging miR-665, which targets 
STAT3 [21]. Recent studies revealed that 
HOTAIR acts as an oncogene in CRC by affecting

Figure 5. HOTAIR sponges miR-211-5p to upregulate the expression of FLT-1 in CRC cells. (a) There existed a direct relationship 
between miR-211-5p and FLT-1 3ʹ-UTR. (b) Dual luciferase reporter assay denoted that the luciferase activity in FLT-1-wt + miR-211- 
5p mimic group was lower than that in FLT-1-wt +miR-NC group. (c) miR-211-5p expression was silenced in HCT116 and LoVo cells 
following transfection with miR-211-5p inhibitor. The mRNA (d) and protein (e) expression of FLT-1 were downregulated in HCT116 
and LoVo cells following transfection with sh-HOTAIR, and these effects were attenuated miR-211-5p inhibitor.
Data represented mean ± SD of three independent experiments. **;##P < 0.01. 
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apoptosis, invasion, and migration as well as che-
moresistance [22–24], and exogenous silencing of 
HOTAIR suppresses the stemness and self-renewal 
of CCSCs [13]. However, the underlying mechan-
ism of HOTAIR dysregulation in CCSCs is still 
largely unknown. Herein, consistent with the pre-
vious reports [25,26], high HOTAIR expression 
was observed in CRC tissues and cells, and pre-
dicted poor survival. HOTAIR knockdown led to 
tumor-inhibitory effects in CRC cells and sup-
pressed tumor growth in BALB/c nude mice. The 
specific surface markers, such as CD133, CD44, 
Nanog, Sox2, and Oct4, have been commonly 
employed to identify CSCs [27]. The expression

level of HOTAIR is found to be elevated in 
CD133+CD44+ CSCs. The exogenetic inhibition 
of HOTAIR suppressed spheroid-forming ability 
and the percentage of CD133+CD44+ cells and 
downregulated these stem factors (Nanog, Sox2, 
and Oct4), indicating the inhibition effects of 
HOTAIR knockdown on CCSC stemness 
properties.

Based on the competing endogenous RNA 
(ceRNA) hypothesis, which sustains that tran-
scripts with shared miRNA binding sites com-
pete for post-transcriptional control [28], the 
downstream targets of HOTAIR were further 
elucidated, and we confirmed that miR-211-5p

Figure 6. HOTAIR/miR-211-5p/FLT-1 axis is critical for the maintenance of CCSC properties. (a) Overexpression of FLT-1 meaningfully 
strengthened FLT-1 protein levels in HCT116 and LoVo cells. The malignant phenotypes including cell viability (b), colony formation 
(c), migration and invasion (d) of HCT116 and LoVo cells transfected with sh-HOTAIR were rescued by miR-211-5p downregulation or 
FLT-1 overexpression. MiR-211-5p downregulation or FLT-1 overexpression reversed sh-HOTAIR-induced inhibition of the capacity of 
HCT116 and LoVo cells self-renewal (e), the population of CD133+CD44+ cells (f), the protein levels of stemness-related markers 
(Nanog, Sox2, and Oct4) (g).
Data represented mean ± SD of three independent experiments. **;##P < 0.01. 
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was negatively regulated by HOTAIR. Indeed, 
miR-211-5p was previously reported to inhibit 
the progression of various cancer types [29–31]. 
FLT-1, also known as vascular endothelial 
growth factor receptor-1 (VEGFR-1) is a core 
regulator of tumor angiogenesis [32]. The 
tumor-promoting role of FLT-1 in CRC has 
been reported in multiple studies [33,34]. Our 
previous studies proved that FLT-1 was highly 
expressed in patients with stage III CRC and 
affected the characteristics of CSCs [35]. Our 
findings showed that the functional role of 
HOTAIR was mediated by regulating FLT-1 via 
sponging miR-211-5p.

In summary, our data supported the findings that 
HOTAIR was implicated in the regulation of CSC 
characteristics through acting as a ceRNA to regu-
late miR-211-5p/FLT-1 signaling axis in CRC cells.
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