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Abstract: Research on the relationship between aberrant long non-coding RNA (IncRNA) and cancer stem cell (CSC)
biology in cancer patients has been recently gaining attention. The goal of this study was to investigate whether the
decreasing IncRNA HOTAIR expression would inhibit human colorectal cancer (CRC) stem cells. CD133*CSCs were
isolated from human CRC LoVo cell line by using a magnetic-activated cell sorting system, and were transfected
with the expression vector-based small hairpin RNA targeting HOTAIR (shHOTAIR). The ability of cellular proliferation,
migration, invasion, colony-forming, and the epithelial-mesenchymal transition (EMT)-associated molecule expres-
sion as well as the tumorigenicity of CD133*-shHOTAIR were evaluated by the MTT, wound-healing, cellular invasion,
colony formation and Western blot assays, respectively. This study found that, when compared with control cells in
vitro, CD133*-shHOTAIR exhibited the decreased HOTAIR expression, suppressed cellular proliferation, migration,
invasion, colony-forming, and inhibited the Vimentin expression with increased E-cadherin expression. In particular,
the down-regulation of the HOTAIR expression in CD133*CSCs markedly attenuated the tumor growth and lung
metastasis in xenograft nude mice. Taken together, this study found that down-regulating the HOTAIR expression
in CD133*CSCs could serve as a potential anti-cancer regimen to inhibit the invasiveness and metastasis of CRC
CSCs.
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Introduction

Human colorectal cancer (CRC) is one of most
common malignant tumors and it accounts for
a large proportion of cancer-related deaths
worldwide. This high mortality diease may be a
subset of cells with stem/progenitorcell fea-
tures known as cancer stem cells (CSCs) that
lead to advanced tumors and a poor prognosis
[1, 2]. CSCs are responsible for tumor-initiating
potential, invasion, metastasis, resistance to
traditional therapies and eventual relapse [2,
3]. The CSC model can comprehensibly explain
essential clinical events that were insufficiently
understood, such as therapy resistance, mini-
mal residual disease, and tumor recurrence. A
lot of effort has been made in the last decade
to advance the research in this field, however,
the complex biology of CRC CSCs and the
underlying pathogenic mechanisms have re-

mained largely unknown [4, 5]. More recent
studies have focused on the molecular mecha-
nisms of the underlying CRC CSCs progression,
the genes responsible for CSC chemoresis-
tance, and the new therapies against CRC CSCs
[6-9].

Long non-coding RNAs (IncRNAs) are defined as
transcripts having longer than 200 nucleotides
of which are 50 capped and 30 are polyadenyl-
ated, However, this class of transcripts has lim-
ited coding potential. LncRNAs can regulate
gene expression at the epigenetic level, play an
important role in differentiation, proliferation,
apoptosis and invasiveness of tumor cells, and
contribute to the metastatic capacity of can-
cers [9-12]. HOX transcript antisense RNA
(HOTAIR) is one of IncRNAs; it interacts with
polycomb repressive complex 2 and is respon-
sible for histone H3 lysine-27 trimethylation of



Effect of downregulated HOTAIR on CRC CSCs

the HOD locus. Furthermore, aberrant HOTAIR
expression has been markedly associated with
metastasis and poor clinical outcomes in differ-
ent tumor types including breast cancer [13,
14], colorectal cancer [8, 15], pancreatic carci-
noma [16], hepatocellular carcinoma [17, 18],
gastrointestinal stromal tumor [19], and human
epithelial ovarian cancer [20, 21], etc. However,
how the HOTAIR complex functions in CRC CSCs
remains unclear [14, 20, 22]. To this end, we
sought to investigate whether the knockdown
of the endogenous HOTAIR expression by si-
RNA would attenuate the human CRC LoVo
CD133*CSC’s invasion and metastasis in vitro
and if the tumorigenicity as well as metastasis
in xenograft nude mice were involoved in
decreasing an epithelial-mesenchymal transi-
tion (EMT). We found that epigenetic silencing
of HOTAIR in human CRC LoVo CD133*CSCs
decreased cellular stemness, self-renewal,
EMT, and tumorigenicity in vitro and in the nude
mouse model.

Materials and methods
Cell line

Human CRC LoVo cell line was acquired from
CRC patients as a generous gift from Professor
Peiling Huang, Department of Pathology, School
of Medicine, Southeast University, Nanjing,
China. Cells were cultured in complete media
consisting of RPMI 1640, 2 mM L-glutamine,
100 U/ml penicillin, 100 ug/ml streptomycin,
and 10% fetal bovine serum. The medium was
refreshed every 3 days to maintain adherent
cells. When LoVo cells reached 90% conflu-
ence, cells were harvested with 0.25% tryp-
sin-1 mM EDTA (Sigma-Aldrich, St. Louis, MO,
USA) treatment for 2 min.

The short hairpin RNA sequence and pSUPER-
EGFP1-HOTAIR-shRNA recombinant

Ashort hairpin RNA sequence of IncRNA HOTAIR
(Gene ID: 100124700) was designed as previ-
ously describled [13, 20]. The shRNA sequenc-
es were as follows: pSUPER-EGFP1 (enhanced
green fluorescent protein 1)-HOTAIR-shRNA
(pSUPER-EGFP1-shHOTAIR), Forward 5-GAT-
CCCCGAACGGGAGTACAGAGAGATTCAAGA-
GATCTCTCTGTACTC C C GTTCTTTTTGGAAA-3’;
antisense, 5'-AGCTT TTCCAAAAAGAACGGGAG-
TACAG AGAGATCTCTTGAATCTCTCTGTACTCCCG-
TTCGGG-3’; scramble-siRNA: sense, 5-G AT-
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CCCCTTCTCCGAACGTGTCACGTTTCAAGAG-
AACGTGACACGTTCGGAGATTT TTGGAAA-3’; an-
tisense, 5-AGCTTTTCCAAAATTCTCCGAACGTG-
TCACGTTCTCTT GAAACGTGACACGTTCGGAGAA-
GGG-3. All the primers were synthesized by
Gene and Technology of China in Shanghai. A
pSUPER-EGFP1 vector was used to construct
the recombinant. The recombinant pSUPER-
EGFP1-HOTAIR-shRNA (ShHOTAIR) was devel-
oped as previously describled [13, 20]. A pSU-
PER-EGFP1-HOTAIR-scramble (Scramble) was
used as a negative control. These recombi-
nants were verified by the analysis of endonu-
clease digestion and sequencing.

Isolation of CD133*CSCs and production of
stably transfected clones

CD133*CSCs were sorted from the LoVo cell
line by using the magnetic-activated cell sorting
(MACS, Miltenyi Biotec., Bergisch Gladbach,
Germany). To obtain the ShHOTAIR-expressing
cells, the ShHOTAIR and Scramble were res-
pectively transfected into CD133*CSCs, and
the stably transfected clones were selected
with G418 (Clontech, CA). The ShHOTAIR and
Sc-HOTAIR-expressing clones were labeled
‘CD133*CSCs ShHOTAIR’ (CD133*-shHOTAIR)
and ‘CD133*CSCs Scramble’ (CD133*-Scram-
ble ), respectively [23, 24]. CD133*CSCs with-
out any transfectiion were labeled ‘CD133* wild
type (WT). The isolated cells were placed in the
stem cell culture medium by resuspension in
serum-free DMEM/F12 supplemented with 5
pg/mL insulin (Sigma-Aldrich, Missouri, USA),
20 ng/mL human recombinant epidermal
growth factor (Invitrogen, CA, USA), 10 ng/mL
basic fibroblast growth factor (Invitrogen, CA,
USA) and 0.5% bovine serum albumin (Sigma-
Aldrich, Missouri, USA) [24, 25].

Quantitative RT-PCR

To evaluate the expression of HOTAIR, total
RNA were used for the reverse transcription
(RT) reactions, and qRT-PCR was performed on
a Step One Plus real-time system (AB Applied
Biosystems) [26]. The cDNAs were amplified by
PCR with primers as follows: HOTAIR: sense,
5-GGTAGAAAAAGCAACCACGAAGC-3’; antisen-
se, 5-TTGGGGAAGCATTTTCTGA C-3’; B-actin
(sense, 5'-GGACTTCGAGCAAGAGATGG-3’; anti-
sense, 5-AGCACTGTGTT GGCGTACAG3’). The
mRNA-level of the genes of interest were
expressed as the ratio of a gene of interest to
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B-actin mRNA for each sample. The compara-
tive Ct (AACt) method was used to determine
the expression fold change [27].

Proliferative assay

2x103% CD133*-ShHOTAIR or CD133*-Scramble
or CD133*-WT cell suspensions were seeded
into 96-well plates and were assayed for prolif-
erative activity in triplicate wells. To assay cell
viability, a cell suspension was mixed with 0.4%
Trypan blue (Sigma) in 1, 2, 3, 4, 5, and 6 days,
respectively, after the incubation; the mean val-
ues of the viable counts were obtained by a
Neubauer hemocytometer chamber [28].

Colony forming assay

The colony formation ability of the LoVo CD133*-
ShHOTAIR or CD133*-Scramble or CD133*WT
cells was investigated. A colony with a diameter
larger than 75 um or having more than 50 cells
was counted for 1 positive colony according to
our previous report [28, 29]. The clone forma-
tion rate of common dish and soft agar was cal-
culated as (number of colony/number of cells
inoculated) x100%.

Cell migration assay

To determine the effect of down-regulated
HOTAIR expression on migration, the CD133*-
ShHOTAIR cells were used in the wound healing
assay. Briefly, the cells of CD133*ShHOTAIR,
CD133*-Scramble, and CD133*-WT cells were
plated, respectively, in 6-well plates (5x10°
cells per well) to form a monolayer one day
before the assay; non-adherent cells were
removed by PBS washing. On the following day,
a uniform scratch was made down in the center
of the well using a sterile micropipette tip. The
distance travelled by the cells was respectively
measured between the two boundaries of the
acellular area at O, 12, and 24 hours, respec-
tively, after the incubation. Each experiment
was performed in triplicate [30].

Cell invasion assay

The invasion ability of the CD133*-ShHOTAIR,
CD133*-Scramble, and CD133*-WT cells was
evaluated by using the transwell invasion assay.
Briefly, the transwell inserts with 8 ym pores
were coated with Matrigel (20 ug/well; Becton
Dickinson, Waltham, MA, USA); the cells were
seeded in the upper chamber in the RPMI1640
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medium supplemented with 10% fetal bovine
serum. After incubation at 37°C, the cells that
invaded to the lower surface of the Matrigel-
coated membranes were fixed with 70% etha-
nol and stained with trypan blue, and counted
under a light microscope as described previ-
ously [20, 31].

Western blot

1x10% CD133*-ShHOTAIR, CD133*-Scramble,
and CD133*-WT cells were respectively collect-
ed and lyzed in a protein extraction buffer
(Novagen, Madison, WI, USA). A 12% sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis was performed, and proteins (10 pg/lane)
were loaded in the way reported in the pulished
papers [20, 32]. The rabbit antibody specific to
human E-cadherin (code number: 31955) or
Vimentin (code number: 57415) was used in
the assay (Bioworld Technology, Dublin, OH,
USA).

Tumorigenicity of CD133*CSCs-ShHOTAIR in
xenograft mice

Balb/c nude mice (female, age between 5 and
6 weeks, and weighting 16-18 g) were ordered
from the Animal Center of Yang Zhou University
of China and were raised under sterile condi-
tions at the Experimental Animal Center, School
of Medicine, Southeast University. The experi-
ments were performed in compliance with the
guidelines of the Animal Research Ethics Board
of Southeast University, China. Eighteen nude
mice were randomly divided into three groups
of equal size (six per group): the CRC CD133"-
ShHOTAIR group, the CRC CD133*-Scramble
group, and the CD133*-WT group. The three
groups of the nude mice were injected in the
back subcutaneously with the 5x10* CRC
CD133*-ShHOTAIR, CRC CD133*-Scramble,
and CD133*-WT cells, respectively. Tumor for-
mation in each mouse was monitored every
three days by taking 2-dimensional measure-
ments of a tumor [33].

Lung histopathology

Lung tissues were removed from the xenograft
mice, fixed in 10% formalin, and then embed-
ded in paraffin. Sections of 5 um tissue in size
were cut and mounted on SuperFrost Plus glass
slides, and were fixed in methanol and stained
in hematoxylin and eosin (HE). The slides were
examined under a Zeiss Axioplan light micro-
scope at the magnification of x200 [34].
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Figure 1. Detection of HOTAIR expression in LoVo CD133*CSCs and single-CD133*-ShHOTAIR clone isolation. A.
HOTAIR expression in CD133*CSCs and wild type of LoVo cells identified by qRT-PCR. B. HOTAIR expression in
CD133*CSCs-ShHOTAIR and CD133*CSCs-Scramble cells identified by qRT-PCR. C. A single-CD133*-ShHOTAIR clone
isolated from the ShHOTAIR transfected CD133* clones with 800 pg/ml G418 on Day 2, Day 4, Day 7, and Day 14,
respectively, viewed under a light microscope (top) or a fluorescence microscope (bottom). D. The selected CD133*-
ShHOTAIR or CD133*-Scramble clones were viewed under a light microscope (top) or fluorescence microscope
(bottom). The p values were from the Student’s t test and indicated if the differences were statistically significant

(p < 0.05).

Immunohistochemistry

The 5 pm-thin formalin fixed and paraffin-
embedded samples on the slides were incubat-
ed with the rabbit antibody specific to human
Vimentin or E-cadherin overnight at 4°C. The
samples were then labeled with HRP-conju-
gated streptavidin (Invitrogen company, CA,
USA), and the chromogenic reaction was devel-
oped using Liquid DAB Substrate Pack accord-
ing to the manufacturer’s instructions. E-cad-
herin/Vimentin-stained cells from random and
non- overlapping fields were counted under a
miscroscope at the magnification of x200 as
described previously [33, 35].
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Statistical analysis

Values of interest were presented in plots the
mean plus and minus two standard deviation.
The data were analyzed for difference by using
a two-tailed paired Student’s t test; p values
less than 0.05 were considered statistically
significant.

Results

HOTAIR expression in CRC CD133*CSCs and
collection of stably transfected CD133*-
SshHOTAIR clones

Recent evidence has shown that the CD133
molecule is a specific marker of CRC CSCs [4, 9,
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Figure 2. Decrease in the ability of invasion, migration and proliferation of CD133*CSCs-ShHOTAIR in vitro. (A) Inva-
sive assay: 5x10° CD133*WT, CD133*-Scramble and CD133*-ShHOTAIR cells were respectively seeded in the upper
chamber in RPMI1640 with serum-free. Cells that invaded to the lower surface of the matrigel-coated membranes
were fixed with 70% ethanol, and stained with trypan blue. (B) Quantification of the invasive assay results: Cells
from five randomly selected fields were counted under a light microscope (magnification x100). (C) Wound healing
assay: 5x10° cells of each of the three types in (A) were respectively plated in 6-well plates to form a monolayer, and
a uniform scratch was made down the center of the wells. (D) Quantification of the wound healing assay results:
Wound closure is presented as the percentage reduction of the freshly wounded area (viewed under a light micros-
copy, x200). (E) The different cell proliferation was performed in triple wells and a mean value of the viable cells
was counted in triple wells every day by MTT assay. The p values were from the Student’s t test and indicated if the
differences were statistically significant (p < 0.05).

36-38].To search for a novel therapeutic target
to treat CRC, we first sorted the CD133" cells,
presumptively CRC CSCs, from the Human CRC
LoVo cell line to find out if the HOTAIR expres-
sion was higher in CRC CD133*CSCs than in
the wild type of CRC. Figure 1A shows the high
expression of HOTAIR in CD133*CSCs in con-
trast with the wild type of CRC LoVo cells
(p<0.0474). The HOTAIR expression was signifi-
cantly decreased in CRC CD133*-ShHOTAIR
compared with CD133*-Scramble (p < 0.0065)
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asisshownin Figure 1B. The CD133*-ShHOTAIR
clones were isolated through the single-clone
isolation assay after the antibiotic selection
with 800 ug/ml G418 for 14 days. A represen-
tative set of data from the selected clones were
expanded into the cells that were visible under
a fluorescence microscope, which is shown at
the photos of the bottom-panel in Figure 1C.
The same clones (at the top panel in Figure 1C)
were observed under a light microscope.
Morphology of the CD133*-ShHOTAIR appeared

Am J Transl Res 2016;8(1):98-108
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Figure 3. Detection of clone ability and EMT-associated molecule expression. A. Images of different clones on 11
day culture in the culture plate (top) and in the soft agar media (bottom) after 5x10° CD133*WT, CD133*-Scramble
and CD133*-ShHOTAIR cells were respectively seeded in the different media (viewed under a light microscopy,
x100). B. Comparisons of the colony formative rate among the three types of cells. C. Western blot assay for detec-
tion of the expression of E-cadherin, N-cadherin and Vimentin in the CD133*WT, CD133*-Scramble and CD133*-
ShHOTAIR cells, respectivley. D. Quantification of the Western blot results. The p values were from the Student’s t
test and indicated if the differences were statistically significant (p < 0.05).

round or elliptical (epithelium-like features at
the right-panel in Figure 1D), while the CD133*-
Scramble were spindle-shaped (mesenchyma-
like features at the left-panel in Figure 1D).

CD133*-ShHOTAIR reduce its ability of migra-
tion, invasion, proliferation, clone and EMT-
associated molecule expression

Since HOTAIR plays an important regulatory
role in the malignant tumor progression by reg-
ulating cell cycle, apoptosis, invasion and
metastasis, the HOTAIR expression correlates
highly with some epithelial tumor metastasis
and invasion [11, 12]. Therefore, we investigat-
ed the effect of down-regulated HOTAIR expres-
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sion by RNA interference in CD133*CSCs on
the ability of proliferation, migration, invasion,
clone and EMT-associated molecule expres-
sion. We found that CD133*-ShHOTAIR signifi-
cantly reduced its ability of invasion, migration,
proliferation, and clone formation compared
with CD133*-Scramble or with CD133*CSCs
(CD133*WT) after the HOTAIR expression was
down-regulated in CD133*CSCs that had been
stably transfected with the recombinant shHO-
TAIR. The results are shown in Figure 2A-E, and
Figure 3A and 3B. Additionally, the EMT-
associated molecule expression was remark-
ably changed in CD133*-ShHOTAIR (Figure 3C),
indicating the increase of the E-cadherin
expression and the reduction of the Vimentin/

Am J Transl Res 2016;8(1):98-108
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Figure 4. CD133*-ShHOTAIR reduce its tumorigenicity and metastatic potential in mice. A. Images represent the
tumor growth in the nude mice 30 days after they were injected with 5x10° LoVo CD133*WT or CD133*-Scramble or
CD133*-shHOTAIR. B. Images of tumor tissue sizes and quantity in 30 days. C, D. Tumor volume and the tumor-free
mice injected with the CD133*WT or CD133*-Scramble or CD133*-shHOTAIR. E. Images of lung tissues taken from
the mice 30 days after they were injected with the CD133*WT or CD133*-Scramble, and lung tissue images from
the mice 45 days after they were injected with the CD133*-shHOTAIR. Presence of metastatic tumor nodes in lungs
is visible in the mice injected with the CD133*WT or the CD133*-Scramble. F. Quantification of the lung metastatic
tumor nodes, referring to the differences as indicated, which was analyzed by using the Student’s t test method.

N-cadherin expression in comparision with
CD133*-Scramble and CD133*WT, respective-
ly; all the differences were statistically signifi-
cant (p<0.05) (see Figure 3D). The elliptical
epithelium features (right-panel in Figure 1D)
of CD133*-ShHOTAIR and the spindle-shaped
mesenchymal features (left-panel in Figure 1D)
of CD133*-Scramble were markedly presen-
ted.

Silence of HOTAIR in CRC CD133*CSCs inhib-
ites the tumor growth and lung metastasis in
the xenograft mice

Having found that the effects of the down-regu-
lated HOTAIR expression on the proliferation,
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migration, invasion, clone formation of CRC
LoVo CD133*-ShHOTAIR in vitro, we wanted to
know whether this effect would alter the cellu-
lar tumorigenicity and metastatic potential in
the Balb/c nude mice. Figure 4A shows the rep-
resentative images of the tumor bearing nude
mice on day 30 after implantation. All 6 mice
developed visible tumors in 9 days after being
injected with 5x10° differently-treated CRC
LoVo CD133*-WT (two on Day 6, (two on Day 9,
one on Day 12, and one on Day 15, respective-
ly). The six mice injected with 5x10°% CD133"-
Scramble developed the visible tumors on Day
9, Day 12, Day 12, Day 12, Day 15, and Day 15,
respectively. In contrast, only one of the six
mice injected with 5x10°% CD133*-ShHOTAIR

Am J Transl Res 2016;8(1):98-108



Effect of downregulated HOTAIR on CRC CSCs

A !§- B
Y
[J coias'wr
Ml CDI133" Scramble
i B3 CD133 shHOTAIR
= S
= Z | P-0834 P=0.0003 P=0.2879 P=0.0001
E E 30-
= | ol
o= =
- 5 20
15+
= =
Pt = 104
g 3 N % ’l‘
E o
l'.|) Vimentin E-cadherin
=]
C D 3 CD133+WT
El CDI133+scramble
\ & E28 CD133+shHOTAIR
< o S P=0.006 P=0.0013
<N 66_‘3 & — [y
o o & 7] m, e m pepes
- E.
‘ GAPDH 1
—RES
e e mCses—m Vientin =
% 1.0
- * - E-cadherin E i

E-cadherin

Vimentin

Figure 5. Analysis of EMT-associated molecular expression in the tumor tissues of nude mice. A. The expression of
E-cadherin and Vimentin (pointed to by white as arrows) in the tumor tissues detected by immunohistochemistry
assay; B. Quantification of the expression of E-cadherin and Vimentin in the tumor tissues; C. The expression of
E-cadherin and Vimentin in the tumor tissues analyzed by Western blot; D. Relative intensity of protein expression.
The p values were from the Student’s t test and indicated if the differences were statistically significant (p < 0.05).

developed a visible tumor on Day 21, and the
remaining 5 mice did not develop any tumor
throughout the 45-day observation period.
Figure 4B presents the photos of the tumor size
and quantity. The percentages of the tumor vol-
ume and the tumor-free mice in the three
groups are shown in Figures 4C and 4D. The
tumor growth was significantly inhibited in the
mice injected with CD133*-ShHOTAIR in com-
parison with the mice injected with CD133*-WT
(*p < 0.001) or with CD133*-Scramble (*p <
0.0064).

To evalue the effect of the down-regulation of
the HOTAIR expression in CD133*CSCs on
tumor metastasis, the lung tissues of the mice
were assessed by examining tumor nodes. The
silence of HOTAIR inhibited the tumor cell lung
metastasis and no tumor nodes were found in
the lung tissues of the nude mice 45 days after
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they were injected with CD133*-ShHOTAIR. On
the other hand, in the mice injected with
CD133*WT or CD133*-Scramble, the tumor
nodes were found in their lung tissues (Figure
4E). The difference between the CD133*-
ShHOTAIR group and the other two groups was
statistically significant; the difference between
the CD133*WT and the CD133*-Scramble
groups was not statistically significant (Figure
4F). Based on these findings, we concluded
that the tumor cell growth and metastasis was
remarkablely inhibited in the mice injected with
CD133*-ShHOTAIR.

Decrease of the EMT-associated molecular
expression in tumor tissues of mice injected
with the CD133-ShHOTAIR

We next extended these studies to determine
whether the EMT-associated molecular expres-

Am J Transl Res 2016;8(1):98-108
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sion was changed in the tumor tissues of the
mice injected with CD133-ShHOTAIR. We evalu-
ated the expression of E-cadherin and Vimentin
by using the immunohistochemistry assay.
Figure 5A shows that the E-cadherin expres-
sion (brown cells pointed to by the white arrows)
in the xenograft tumor tissues was significantly
increased in the CD133*-ShHOTAIR group com-
pared with the CD133*-WT group and the
CD133*-Scramble group; the difference was
statistically significant. The expression of
Vimentin was notably reduced in the CD133*-
ShHOTAIR group compared with the CD133*-
WT group and the CD133*-Scramble group; the
difference was statistically significant (Figure
5B). Similar findings were obtained from the
Western blot assay (Figure 5C), and the differ-
ence between the CD133*-ShHOTAIR group
and the other two groups was statistically sig-
nificant (Figure 5D).

Discussion

CRC is considered one of the main causes of
death from neoplasia, and is characterized by a
high rate of recurrence and heterogeneity. CRC
CSCs may well contribute to both of these path-
ological properties, but the mechanisms under-
lying their self-renewal and stem characteristic
maintenance is insufficiently understood [38].
Although HOTAIR has been associated with
metastasis and poor prognosis in different
tumor types, an in-depth characterization of its
functions in CRC CSCs is still needed. In this
study, we focused on the relationship between
the downregulated HOTAIR expression and the
tumorigenicity and metastasis in human CRC
CSCs.

We found significant differences in the ability of
proliferation and cloning between CD133*-
ShHOTAIR and both of CD133*-Scramble and
CD133*WT from the assessement by using
MTT and colony forming assays. In addition, the
migration and invasion ability of CD133*-
ShHOTAIR in vitro was also reduced, suggesting
that the decreased HOTAIR expression in
CD133*-WT led to the inhibition of a highly self-
renewal, metastasis, and infiltration ability,
which are the properties harbored by CSCs.
Similar efficiency was observated in vivo, where
the mice injected with CD133*-ShHOTAIR devel-
oped fewer tumors than that of the mice inject-
ed with CD133*-WT or CD133*-Scramble. CSCs
are known to be responsible for propagating
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cancer in a highly efficient manner [36, 39]. We
observed that, in both the CD133*-WT and
CD133*-Scramble groups, all the six mice
developed tumors in 9 to 15 days, and had a
distant lung metastasis. In contrast, in the
CD133*-ShHOTAIR group of six mice, only one
developed one tumor on Day 21, and without
any evidence of metastasis. This disparity in
tumorigenicity and lung metastasis from this in
vivo animal experiment suggested that the
downregulated HOTAIR expression may be
closely associated with the CRC CSCs’ tumori-
genicity and metastasis. However, further vali-
dation in independent studies along this line of
research is highly recommended.

The mechanisms of CD133*-ShHOTAIR for
decreasing the propagating of tumor and for
inhibition of tumor’s distant metastasis have
remained unknown. We investigated the EMT
characteristics of the tumor tissue cells from
the xenograft mice. Because the cellular epi-
thelial (epithelium) and interstitial (mesenchy-
ma) state conversions indicate the typical phe-
notype changes of EMT in the process of tumor
cell growth, [38] the CRC epithelial cells can
gain CSC characteristics through the EMT pro-
gram to initiate a distant metastasis. As expect-
ed, the findings from the Western blot and
Immunohistochemistry analyses showed the
marked decrease in the Vimentin expression
accompanied by notable increase in the
E-cadherin expression in the tumor tissues of
the mice injected with CD133*-ShHOTAIR. In
contrast, only small changes were found in the
mice injected with CD133*-WT or CD133*-
Scramble. The results suggested the decrease
in the HOTAIR expression in CRC CD133*CSCs
was associated with the alterations to some
specific EMT markers and, concurrently with
reduced migratory potential [12, 19]. Never-
theless, the mechanism for the downregulated
HOTAIR expression to reduce the tumorgeniesis
and to inhibit the metastasis of CRC CD133*
CSCs warrants further study.

In summary, the fingings from our study demon-
strated that the down-regulation of the HOTAIR
expression in CRC CD133*CSCs decreased its
tumorgeniesis and metastasis potential, which
means the inhibition of CRC CD133*CSC EMT.
Therefore, manipulating the downregulated
HOTAIR expression may be a promising alterna-
tive therapeutic strategy for targeting treat-
ment that targets CRC CD133*CSC mediated
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metastasis through inhibiting the EMT pro-
gram.
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