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Overexpression of long non-coding RNA H19 is associated with
unfavorable prognosis in patients with colorectal cancer and
increased proliferation and migration in colon cancer cells
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Abstract. Long non-coding RNA-imprinted maternally
expressed transcript (non-protein coding) (H19) has been
previously identified to be involved in the development of a
number of types of cancer. However, the function of H19 in
the pathogenesis of colorectal cancer remains unclear. The
expression level of H19 in colorectal tumor tissues, and the
association between H19 expression and clinicopathological
variables and prognosis was investigated in the present study.
In addition, the effect of H19 overexpression on viability,
migration and epithelial-mesenchymal transition (EMT) of
colon cancer cells was investigated in HCT-116 and SW-480
cells. The results of the present study suggest that overexpres-
sion of H19 is associated with decreased recurrence-free
survival and overall survival rates in patients with colorectal
cancer, and increased viability and migration in colon cancer
cells. The induction of the EMT process may be an under-
lying molecular mechanism associated with the H19-induced
increased metastasis potential of colon cancer cells.

Introduction

Colorectal cancer is one of the most common types of cancer
in males and females. It is estimated that there are ~140,000
novel cases of colorectal cancer expected in the USA and
it remains the third leading cause of cancer-associated
mortality in 2014 (1). In China, colorectal cancer was the fifth
most common type of cancer and the fifth leading cause of
cancer-associated mortality in 2011 (2). Although the 5-year
mortality rate of colorectal cancer has slightly decreased in the
last decade, novel prognostic factors and potential therapeutic
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targets for this disease are required. Furthermore, the under-
lying pathophysiological mechanisms of the development of
colorectal cancer remain unclear (3.4).

Long non-coding RNAs (IncRNAs), >200 nucleotides in
length, have been identified as novel gene expression regula-
tors in the last decade (5,6). A previous study suggested that
a number of IncRNAs may be involved in the development
and metastasis of cancer (7). LncRNA-imprinted maternally
expressed transcript (non-protein coding) (H19), initially
reported in 1991 by Bartolomei et al (8), was identified to
be expressed at increased levels in extraembryonic tissues,
embryonic tissues and the majority of fetal tissues; however,
the expression level of IncRNA H19 is markedly decreased
following birth (9). As the first imprinting IncRNA to be iden-
tified, H19, which is expressed by the maternal allele rather
than the paternal, is transcribed from the H19/insulin-like
growth factor 2 gene cluster located on human chromosome
11p15.5 (10). Previous studies have revealed that H19 serves an
important function in the progression of a number of types of
cancer (11-13). Additionally, H19 overexpression was identified
to be markedly associated with a poor prognosis in bladder
and gastric cancer (14,15). Currently, the expression levels and
the function of H19 in colorectal cancer remain unclear.

In the present study, the expression level of H19 and its
association with clinicopathological variables and disease
outcome was examined using colorectal tumor samples and
paired adjacent normal tissues. In addition, the effects of H19
overexpression on the viability, migration and EMT process of
colon cancer cells were investigated in HCT-116 and SW-480
cells, using an H19-expressing plasmid. The results suggested
that H19 overexpression was significantly associated with
pre-treatment metastasis (P=0.020), poor differentiation level
(P=0.022) and advanced tumor-node-metastasis (TNM) stages
(P=0.046). Furthermore, H19 overexpression was identified to
be an independent risk factor for decreased recurrence-free
survival (RFS) [hazard ratio (HR), 3.037; 95% confidence
interval (CI), 1.107-8.329; P=0.031] and overall survival (OS)
time (HR, 4.028; 95% CI, 1.332-12.183; P=0.014) in patients
with colorectal cancer. H19 overexpression was identified to be
associated with increased viability and migratory potential of
HCT-116 and SW-480 cells. Additionally, H19 overexpression
decreased the expression level of epithelial (E-)cadherin and



CHEN et al: HI9 AND EMT IN COLON CANCER

increased the expression levels of vimentin and snail family
transcriptional repressor 1 (Snail) in colon cancer cells. Immu-
nofluorescence suggested that H19 overexpression increased
the expression of filamentous (F-) actin in SW-480 cells. The
results of the present study suggested that H19 overexpression
is associated with decreased RFS and OS rates in patients
with colorectal cancer, and increased viability and migration
of colon cancer cells.

Materials and methods

Patients and samples. Between April 2006 and October 2009,
96 patients with colorectal cancer, who underwent surgery at
Peking University First Hospital (Beijing, China), were included
in the present study. Baseline characteristics of all patients,
including sex, age, tumor size, tumor histological differentia-
tion status, the status of mucin and TNM stages, according to
the American Joint Committee on Cancer staging (7th edition),
were collected from the medical records and surgical pathology
reports (Table I) (16). Patient follow-up was carried out every
3 months for the first 2 years, every 6 months for the following
3 years and annually thereafter. The present study was approved
by the Institutional Review Board at Peking University First
Hospital, conducted in accordance with the principles of The
Declaration of Helsinki and written informed consent was
obtained from all patients. Samples of colorectal tumors and
paired adjacent normal tissues were collected immediately
following resection, and stored at -80°C until use.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) to detect HI19. Total RNA was extracted using
the TRIzol one-step extraction method (TRIzol reagent;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and reverse-transcribed into cDNA using a Reverse
Transcription System kit (cat. no. A3500; Promega Corpora-
tion, Madison, WI, USA), according to the manufacturer's
protocol. qPCR analysis was carried out using a final reac-
tion volume of 25 ul and the TagMan® Universal PCR Master
Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. All reactions were
performed in triplicate using a 7500 Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
thermocycling conditions comprised the following steps:
initial denaturation for 15 min at 95°C, then 40 cycles of dena-
turation at 94°C for 15 sec, then annealing for 30 sec at 55°C
and extension for 30 sec at 72°C. Relative RNA expression was
calculated as a fold-change using the comparative quantifica-
tion (Cq) method (224°4), with GAPDH as the internal control
gene (17). The primers and probes used, listed 5'-3', were as
follows: GAPDH forward, CAGTCAGCCGCATCTTCTTTT;
GAPDH reverse, GTGACCAGGCGCCCAATAC; GAPDH
probe, tetramethylrhodamine (TAMRA)-CGTCGCCAGCCG
AGCCACA-Black Hole Quencher (BHQ)2; H19 forward,
AATCGGCTCTGGAAGGTGAA; H19 reverse, CTGCTG
TTCCGATGGTGTCTT; HI9 probe, TAMRA-CTAGAG
GAACCAGACCTCATCAGCCCAAC-BHQI.

Cell culture. Human colon cancer cell lines HCT-116 and
SW-480 were purchased from the American Type Culture
Collection (Manassas, VA, USA). HCT-116 cells were
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Table I. Association between H19 expression and clinico-
pathological variables.

H19
Total, n=96 expression
Characteristic No. High Low  P-value
Sex 0.365
Male 42 21 21
Female 54 32 22
Age, years 0.845
<60 39 22 17
>60 57 31 26
T-stage 0.646
T1-2 16 8 8
T3-4 80 45 35
N-stage 0.874
NO-1 84 45 36
N2 12 8 7
M-stage 0.020
MO 77 38 39
Mi 19 15 4
Tumor size, cm
<5 75 40 35 0.485
>5 21 13 8
Differentiation 0.022
Well/moderate 83 42 41
Poor 13 11 2
Mucin production 0.315
Absent 82 47 35
Present 14 6 8
TNM stage 0.046
I-1I 54 25 29
1I-1v 42 28 14

P-values in italic indicate statistically significant differences. H19,
long non-coding RNA-imprinted maternally expressed transcript;
TNM, tumor-node-metastasis.

cultured in McCoy's SA medium (Thermo Fisher Scientific,
Inc.) with 10% fetal bovine serum (FBS; Thermo Fisher
Scientific, Inc.). SW-480 cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; Thermo Fisher Scientific,
Inc.) with 10% FBS. H19 expressing plasmid pcDNA 3.1
(+)-H19 (cat. no. C05003) or pcDNA 3.1(+) empty vector as
control were purchased from Suzhou GenePharma Co., Ltd.
(Suzhou, China). Transfection was conducted using Lipo-
fectamine® 3000 (Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. A total of 1x10° cells were seeded
for transfection.

MTT viability assays. A total of 1,000 cells/well were seeded
in a 96-well plate for 24 h. The cells were subsequently
transfected with 0.2 g H19 or control plasmid for 24 h and
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Figure 1. H19 expression in rectal tumor tissues is significantly increased,
compared with adjacent normal tissues. The means of the two groups
were compared using Wilcoxon signed-rank test (“P<0.01 vs. normal).
qPCR, quantitative polymerase chain reaction; H19, long non-coding
RNA-imprinted maternally expressed transcript.

incubated at 37°C for 5 days. The cells were incubated in 50 ul
0.1 mg/ml solution of MTT (Sigma-Aldrich, USA) at 37°C
for 4 h and subsequently lysed in 150 ul dimethyl sulfoxide
at room temperature for 30 min. The absorbance in each well
was measured at 580 nm using a microplate reader. Experi-
ments were performed in triplicate and repeated 3 times.

Migration assays. Cell migration assays were analyzed using
Transwell chambers (8.0 gm pore size; Corning Incorporated,
Corning, NY, USA). At 24 h post-transfection, with H19 or
control plasmid, cells were incubated in serum-free medium
for 12 h at 37°C. A total of 5x10* cells, in 200 x1 DMEM
or MacCoy's 5A medium without serum, were added to the
upper chamber and 600 1 DMEM or MacCoy's SA medium
with 20% FBS was placed in the bottom of wells. The plates
were incubated at 37°C in an atmosphere containing 5% CO,
for 24 h. The cells that migrated to the opposite side of the
membrane were fixed and stained with hematoxylin and
eosin, and the number of invading cells was determined
using a microscope (Olympus Corporation, Tokyo, Japan)
using a previously described method (18). Experiments were
performed in triplicate and repeated 3 times.

Western blot analysis. Total protein was extracted from cells
72 h after transfection with H19 or control plasmid using a
Cell Total Protein Extraction kit, (Beyotime Institute of
Biotechnology, Haimen, China). The concentrations of protein
were determined using the bicinchoninic acid assay method
and equal quantities of 25 ug protein/lane were separated by
SDS-PAGE (10% gel). Subsequently, the separated proteins
were transferred onto a polyvinylidene fluoride membrane.
The membrane was blocked for non-specific binding for 1 h
[5% bovine serum albumin (BSA) in TBS-Tween-20 buffer]
at room temperature, and subsequently incubated overnight
at 4°C with the following rabbit monoclonal antibodies:
anti-E-cadherin (cat. no. 3195; dilution, 1:1,000; Cell Signaling
Technology, Inc., Danvers, MA, USA), rabbit anti-vimentin
(cat. no. 5741; dilution, 1:1,000), rabbit anti-Snail (cat. no.
3879; dilution, 1:1,000) and rabbit anti-GAPDH (cat. no. 2118;
dilution, 1:1,000) (all from Cell Signaling Technology, Inc.).
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The membrane was subsequently incubated at room tempera-
ture for 1 h with anti-rabbit immunoglobulin G horseradish
peroxidase-linked secondary antibodies (cat. no. 7074; dilu-
tion, 1:5,000; Cell Signaling Technology, Inc.). Blots were
developed with enhanced chemiluminescence detection
reagents (Merck KGaA, Darmstadt, Germany).

Immunofluorescence. The immunofluorescence of F-actin was
carried out according to a previously described protocol (19),
with certain modifications. Following transfection with H19
or control plasmid for 72 h, SW-480 cells, on glass slides,
were fixed with ice-cold acetone for 5 min at -20°C. Subse-
quently, slides were placed at the bottom of the wells of the
6-well plates with the cells facing upwards. Slides were rinsed
with PBS, followed by blocking with 1% BSA for 1 h at room
temperature. F-actin was stained following incubation with
rhodamine-phalloidin (Thermo Fisher Scientific, Inc.) and
nuclei were stained using DAPI (Thermo Fisher Scientific,
Inc.). Following washing with PBS, slides were mounted, using
the ProLong Gold Antifade reagent (Molecular Probes, USA),
and stored at 4°C in the dark until analyzed. Fluorescence
was visualized using a Fluoview 1000 confocal microscope
(Olympus Corporation).

Statistical analysis. The results for each tumor were evaluated
by determining the relative ratio of tumor to normal tissue in
the same patient. Data were tested for normal distribution using
the Kolmogorov-Smirnov test and the means of the two groups
were compared using Wilcoxon signed-rank test. A relative
ratio of tumor to normal tissue =4 and <4 was classified as high
expression and low expression, respectively. Pearson's ¥ test
was used to analyze the association between H19 expression
and clinicopathological variables. Kaplan-Meier estimator and
Cox's proportional hazard tests were used for survival analysis.
The results were expressed as the mean + standard error of
the mean and analyzed using a Student's t-test for unpaired
data. P<0.05 indicated a statistically significant difference.
All statistical analyses were carried out using SPSS software
(version 23.0; IBM Corp., Armonk, NY, USA).

Results

Patient characteristics. The male to female ratio of the study
population was 0.78:1 and the median age was 65 years (range,
25-84 years). A total of 40 patients (42%) exhibited lymphoid
node metastasis and 19 patients (20%) exhibited distant metas-
tasis at the time of surgery. The mean follow-up period was
45 months (range, 3-60 months). In total, 34 patients (35%)
experienced tumor recurrence and distant recurrence occurred
in 15 patients (16%; Table I).

Relative HI9 expression in tumor and paired adjacent
normal tissues. The Kolmogorov-Smirnov test indicated that
the expression of H19 in tumor tissues exhibited a non-normal
distribution (P<0.001). Analysis of 96 paired rectal tumors
and paired adjacent normal tissues revealed a significant
upregulation (median, 4.19-fold) of H19 expression in tumor
tissues compared with matched normal tissues (Fig. 1). The
96 patients were subsequently divided into two groups on the
basis of the fold change of H19 expression [H19-high (=4-fold
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Figure 2. Kaplan-Meier estimator analysis of (A) RFS and (B) OS rates, according to H19 expression. Statistical analysis by log-rank test, P<0.01. RFS,
recurrence-free survival; OS, overall survival; H19, long non-coding RNA-imprinted maternally expressed transcript.

upregulation, n=53) and H19-low (<4-fold upregulation,
n=43)].

Association between HI19 expression with clinicopathological
variables. Table I demonstrates the association between H19
expression in colorectal tumor tissues and clinicopathological
variables. H19 overexpression in colorectal tumor tissues
was identified to be associated with pre-treatment metastasis
(P=0.020), poor differentiation level (P=0.022) and advanced
TNM stages (P=0.046).

Expression of HI19 in association with prognosis of rectal
cancer. Kaplan-Meier estimator survival analysis identified
that overexpression of H19 in colorectal tumor tissues was
significantly associated with poor RFS (P<0.01) and OS
(P<0.01) rates (Fig. 2A and B). Cox's univariate proportional
hazard analysis of RFS revealed that lymph node invasion,
metastasis, poor differentiation level, advanced pre-surgery
TNM stage and H19 overexpression in tumors were signifi-
cantly associated with tumor recurrence (P=0.036, P=0.001,
P=<0.01, P<0.01 and P=0.002, respectively). Advanced
TNM stage and increased H19 expression were identified
as independent risk factors for recurrence in multivariate
analysis (P=0.023 and P=0.031, respectively; Table ITA).
Metastasis, poor differentiation level, advanced pre-surgery
TNM stage and increased H19 expression in tumors were
significantly associated with decreased OS rates using Cox's
univariate proportional hazard analysis (P<0.01, P<0.01,
P<0.01 and P=0.001, respectively). Increased H19 expression
and advanced TNM stage were identified using Cox's multi-
variate analysis as independent risk factors for decreased
OS rates (P=0.014 and P=0.007, respectively; Table IIB).
These results suggested that overexpression of H19 is associ-
ated with unfavorable prognosis in patients with colorectal
cancer.

H19 increases proliferation and migration of colon cancer
cells. The expression level of H19 in cells transfected with the
H19-expressing plasmid is significantly increased, compared
with cells transfected with the control plasmid (Fig. 3A). MTT

assays suggested that colon cancer cells transfected with the
H19-expressing plasmid exhibited significantly increased
viability potential (Fig. 3B). In addition, migration assays
suggested that H19 overexpression significantly increased the
migration potential of HCT-116 and SW-480 cells (Fig. 3C).

H19 induces EMT in colon cancer cells. Since decreased
expression of E-cadherin and increased expression of
vimentin- and EMT-associated transcription factors, including
Snail, are well-known markers of the EMT process, the expres-
sion level of E-cadherin, vimentin and Snail was determined.
H19 overexpression markedly decreased the expression of
E-cadherin and increased the expression of vimentin and
Snail, determined by western blot analysis (Fig. 3D). These
results suggested that H19 overexpression induced the EMT
process in colon cancer cells.

H19 induces increased expression of F-actin in SW-480
cells. Previous studies identified that increased expression of
F-actin is associated with increased migratory potential of
cancer cells and is considered as a marker of EMT process,
which prompted the determination of the expression of F-actin
in SW-480 cells using immunofluorescence in the present
study. The results suggested that H19 overexpression induced
increased expression of F-actin and the increased expression
was primarily located at the cell edge (Fig. 4).

Discussion

Although the mortality rate of colorectal cancer has decreased
slightly in the last decade, it remains a life-threatening
disease. The identification of novel factors involved in the
development of colorectal cancer as novel therapeutic targets
is required. H19, an imprinted and maternally expressed
IncRNA, is abundant in embryonic tissues of endodermal
and mesodermal origin, but is thought to be repressed
following birth in the majority of tissues (8,9). In addition,
the expression level of H19 has been investigated in a number
of types of cancer. Song et al (20) identified that there was
an >8-fold increase in H19 expression in gastric tumor
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Table II. Cox's proportional hazard analysis.
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A, Cox's proportional hazard analysis of recurrence-free survival

Univariate Multivariate
Variable HR 95% C1 P-value HR 95% CI P-value
Sex, female 1.163 0.581-2.329 0.670
Age, >60 years 1.379 0.665-2.862 0.388
T-stage, 3/4 2.125 0.647-6.977 0214
N-stage, 2 2461 1.062-5.705 0.036 1.311 0.503-3.418 0.580
M-stage, 1 3464 1.704-7.041 0.001 1471 0.621-3.487 0.380
Tumor size, >5 cm 1.007 0.435-2.329 0.987
Differentiation, poor 5416 2.583-11.356 0.000 1.667 0.670-4.418 0.272
Mucin, present 2.756 0.658-11.535 0.165
TNM-stage, ITI/IV 5.223 2.339-11.666 0.000 3.138 1.171-8.410 0.023
H19 expression, high 4514 1.737-11.733 0.002 3.037 1.107-8.329 0.031
B, Cox's proportional hazard analysis of overall survival rate

Univariate Multivariate
Variable HR 95% C1 P-value HR 95% CI P-value
Sex, female 0.722 0.353-1.476 0372
Age, >60 years 1.486 0.695-3.176 0.307
T-stage, 3/4 3.089 0.736-12.973 0.123
N-stage, 2 1.960 0.800-4.800 0.141
M-stage, 1 4.096 1.960-8.395 0.000 1.127 0.463-2.743 0.792
Tumor size, >5 cm 1.105 0474-2.574 0.818
Differentiation, poor 5.772 2.702-12.333 0.000 2.261 0.950-5.378 0.065
Mucin, present 2.584 0.615-10.848 0.195
TNM-stage, II/IV 5.570 2.384-13.016 0.000 3.841 1.454-10.146 0.007
H19 expression, high 7.64 2.315-25.216 0.001 4.028 1.332-12.183 0.014

P-values in italic indicate statistically significant differences. HR, hazard ratio; CI, confidence interval; TNM, tumor-node-metastasis; H19,

long non-coding RNA-imprinted maternally expressed transcript.

tissues, compared with paired normal tissues. Furthermore,
increased expression of H19 was markedly associated with
an early recurrence of bladder cancer and may be considered
a predictive marker for poor prognosis (14). Zhou et al (21)
revealed that plasma H19 expression enabled the differentia-
tion of early stage gastric cancer from controls with an area
under the curve of 0.877, sensitivity of 85.5% and specificity
of 80.1% (18).

However, the underlying molecular mechanisms of the
oncogenic function of H19 are complex. Previous studies
have identified that H19 is able to regulate the expression of
a number of types of cancer-associated protein, including
calneuron 1, the tumor suppressor retinoblastoma and ubiq-
uitin ligase E3 family, by acting as the precursor of microRNA
(miR)-675 (15,22,23). Additionally, a previous study suggested
that H19 may function as a competing endogenous RNA for
miR-138 and miR-200a, antagonizing their functions and
thus leading to the derepression of their endogenous targets

vimentin, zinc finger E-box-binding homeobox (ZEB)
OL-9705-NPS 1 and ZEB?2, all of which were associated with
the EMT process (24). Further studies are required to deter-
mine the underlying molecular mechanisms of the role of H19
in distinct types of cancer.

In the present study, the expression level of H19 was iden-
tified to be markedly increased in colorectal tumor tissues,
compared with adjacent normal tissues, which suggested
that H19 serves a function in the tumorigenesis of colorectal
cancer. Subsequently, the association between the expres-
sion level of H19 and the clinicopathological variables and
patient survival was analyzed. Overexpression of H19 was
identified to be associated with pre-treatment metastasis, poor
differentiation level and advanced TNM stages. In addition,
overexpression of H19 was revealed to be an independent risk
factor for decreased RFS and OS. These results were consis-
tent with previous studies, which suggests that H19 exhibits
a tumorigenesis function in the development of a number of
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Figure 3. Effect of H19 overexpression on viability, migration and expression level of endothelial-mesenchymal transition-associated proteins. (A) Expression
level of H19 determined using the quantitative polymerase chain reaction 3 days after transfection with H19-expressing plasmid or control plasmid, in HCT-116
and SW-480 cells. Cells transfected with H19-expressing plasmid exhibited a markedly increased expression level of H19, compared with cells transfected
with the control plasmid (vector). (B) Cells were transfected with the H19 expressing plasmid or the control plasmid for 24 h and incubated for 5 days, followed
by MTT assays. The viability level of cells overexpressing H19 is markedly increased, compared with cells transfected with the control plasmid (vector).
(C) Migratory capacity of cells overexpressing H19 was markedly increased compared with cells transfected with the control plasmid (vector). (D) Expression
levels of E-cadherin, vimentin and Snail were determined in HCT-116 and SW-480 cells 72 h after transfection with H19 or control plasmid. All experiments
were performed in triplicate and repeated 3 times. Results are presented as the mean + standard error of the mean (n=3) (“P<0.01 vs. control). GAPDH was
used as a loading control. H19, long non-coding RNA-imprinted maternally expressed transcript; E-cadherin, epithelial cadherin.

types of cancer (12-15). Notably, overexpression of HI19 was
identified to be associated with pre-treatment metastasis in the
present study. Considering the important role of metastasis in
the development of cancer, the effect of H19 on the metastasis
potential of colon cancer cells, and the underlying molecular
mechanism, was investigated.

Previous studies have suggested that H19 may be
involved in the EMT process in a number of types of cancer
cells (25,26). EMT is considered to serve an important
function in the process of metastasis and is characterized
by ‘cadherin switch’, increased expression of vimentin and

relevant transcription factors, including Snail (27,28). In the
present study, the expression levels of E-cadherin, vimentin
and Snail were determined in HCT-116 and SW-480 cells. The
results suggested that H19 overexpression markedly decreased
the expression of E-cadherin, and increased the expression
of vimentin and Snail, indicating that H19 overexpression
induced the EMT process in colon cancer cells.

Since increased expression of F-actin is associated with
increased migration potential of cancer cells and considered a
marker of EMT process (29), the expression level of F-actin in
SW-480 cells was determined using immunofluorescence. The
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Figure 4. Expression of F-actin was increased in cells transfected with
H19-expressing plasmid, compared with cells transfected with the control
plasmid (vector). SW-480 cells cultured on slides were transfected with
H19-expressing plasmid or control plasmid for 72 h before cells were fixed,
and immunofluorescence of F-actin and nucleus was performed. F-actin, fila-
mentous actin; H19, long non-coding RNA-imprinted maternally expressed
transcript.

results suggested that H19 overexpression induced increased
expression of F-actin and this increased expression was
primarily located at cell edges.

The expression level of H19 is markedly increased in
colorectal tumor tissues, compared with adjacent normal
tissues, and overexpression of H19 is an independent risk factor
for decreased RFS and OS rates in patients with colorectal
cancer. Overexpression of H19 is additionally associated
with increased viability and migration of colon cancer cells.
In addition, it is hypothesized that the induction of the EMT
process may be one of the underlying molecular mechanisms
of the effect of H19 on the metastatic potential of colon cancer
cells.
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