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Abstract. Long non‑coding RNA H19 has been identified to 
be dysregulated in a number of tumor types, and is closely 
associated with cancer progression. RAS/mitogen-activated 
protein kinase (MAPK) is an important intracellular signaling 
transduction pathway. Activation of the RAS-MAPK signaling 
pathway is one of the most frequent carcinogenic events in 
human cancer. However, the mechanism of H19 in promoting 
the migration and invasion of colorectal cancer (CRC) cells, 
and the association between H19 and RAS-MAPK signaling 
pathway is not well understood. The aim of the present study 
was to investigate the function of H19 on CRC metastasis 
and invasion, and assess the association between H19 and the 
RAS-MAPK signaling pathway. The migration and invasion 
of CRC cells were analyzed using Transwell migration and 
invasion assays. To elucidate the association between H19 and 
the RAS-MAPK signaling pathway and determine the expres-
sion level of active RAS in CRC cells, Ras activity assay and 
Western blotting were performed. It was indicated that the 
overexpression of H19 was able to increase the migration 
and invasion of CRC cells and this may be mediated by the 
regulation of RAS activation. Therefore, H19 may promote 
metastasis and invasion in colorectal cancer by activating the 
RAS-MAPK signaling pathway.

Introduction

Colorectal cancer (CRC) is the third most common 
human malignancy and the fourth most common cause of 

cancer-associated mortality globally (1). In China, the 
morbidity of CRC has been increasing and was the fourth most 
common cause of cancer-associated mortality in 2011 (2). 
The lack of sensitivity to chemotherapy and metastasis are 
the most common reasons for treatment failure (3) and for the 
mortality of patients. Therefore, it is important to elucidate 
the underlying molecular mechanisms of migration and 
invasion of CRC cells.

Long non-coding RNAs (lncRNAs) are a type of 
non-coding RNA with >200 nucleotides in length and do 
not encode for proteins (4,5). lncRNAs serve a function in 
tumorigenesis (3,6‑12) and have been identified in various 
types of cancer (3,7-11,13-21). lncRNA H19 is one type of 
lncRNA and is located on chromosome 11 in humans and 
serves an important function in mammalian develop-
ment (22). According to previous studies, H19 is upregulated 
in numerous types of cancer, including CRC (23,24), hepato-
cellular carcinoma (25,26), esophageal (27), bladder (28) and 
breast cancer (29,30). The finding that H19 is overexpressed 
in cancer tissues suggests that it may serve an oncogenic 
function. However, the exact underlying molecular mecha-
nism of H19 remains unclear.

The RAS/mitogen-activated protein kinase (MAPK) 
signaling pathway is an important pathway in human cancer. 
Tumorigenic mutations of RAS occur in ~30% of tumors. In 
this pathway, activated RAS triggers the activation of RAF 
and subsequently activated RAF phosphorylates and activates 
mitogen-activated protein kinase kinase (MEK), which phos-
phorylates and activates MAPK/extracellular signal-related 
kinase (ERK) (31). However, the association between H19 
and the RAS-MAPK signaling pathway in colorectal cancer 
remains unresolved. In the present study, it was identified 
that H19 increases the migration and invasion of CRC cells 
by activating the RAS-MAPK signaling pathway.

Materials and methods

Cell culture and reagents. The human CRC cell lines 
SW480 and HCT116 were obtained from the Institute of 
Biochemistry and Cell Biology (Shanghai, China). The 
SW480 and HCT116 cells were cultured in RPMI-1640 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), 2% penicillin‑streptomycin (10 U/ml) at 37˚C 
in a 5% CO2 atmosphere. MAPK inhibitor (PD098059) was 
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purchased from Cell Signaling Technology, Inc. (Danvers, 
MA, USA). The SW480 and HCT116 cells were cultured with 
45 µmol/l PD098059 when required.

Transfection. pWPXL lentiviral vectors were employed 
to overexpress H19 in SW480 and HCT116 cells (32). The 
full-length sequence of H19 (forward, 5'-GGA TCC AGT TAG 
AAA AAG CCC GGG CT-3' and reverse, 5'-ACG CGT GCT 
GTA ACA GTG TTT ATT GA‑3') was amplified and inserted 
into the pWPXL vector (cat. no. 12257; Addgene, Inc., 
Cambridge, MA, USA). A small interfering RNA (siRNA) 
against H19 (siRNA sequence, 5'-GCA GGA CAU GAC AUG 
GUC C-3') and a non-targeted sequence (negative control, 
NC, 5'-UCC GCU GAC GAC AAG GAU G-3') were synthesized 
by Shanghai GenePharma Co., Ltd. (Shanghai, China). The 
transfection of plasmid and siRNAs was conducted using 
Lipofectamine 2000® (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from cultured 
cells following transfection by TRIzol reagent (Takara 
Biotechnology Co., Ltd., Dalian, China), according to the 
manufacturer's protocol. A total of 2 µg RNA was reverse 
transcribed into cDNA using a PrimeScript RT Master Mix 
Perfect Real Time kit (Takara Biotechnology Co., Ltd.). 
RT-qPCR was performed using an ABI 7900 RT-PCR system 
with a SYBR Premix Ex Taq kit (Takara Biotechnology 
Co., Ltd.). The H19 and reference gene α-tubulin primers 
were synthesized by GenePharma (Shanghai GenePharma 
Co., Ltd., Shanghai, China). The RT-qPCR primers were 
as follows: H19 forward, 5'-CTG GGC AAC GGA GGT 
GTA-3' and reverse, 5'-CTG GGA GGG TGT CTG CTT C-3'; 
α-tubulin forward, 5'-ACC TTA ACC GCC TTA TTA GCC A-3' 
and reverse, 5'-ACA TTC AGG GCT CCA TCA AAT C-3'. The 
thermocycling conditions were as follows: 95˚C for 10 min, 
followed by 39 cycles at 95˚C for 10 sec and 60˚C for 40 sec. 
The analysis of RT-qPCR results was performed using the 
2-ΔΔCq method (33).

Ras activity assay. Active Ras Pull-Down and Detection kit 
(Thermo Fisher Scientific, Inc.) was utilized according to the 
manufacturer's protocol. After 48 h of transfection, human 
CRC cells were harvested and prepared in accordance with 
the manufacturer's protocol. The cell samples were loaded 
onto a 10% SDS-PAGE gel followed by western blotting 
on nitrocellulose membrane according to the manufac-
turer's protocol, and the polyvinylidene difluoride membrane 
(PVDF) membranes were incubated with anti-Ras antibody.

Western blot analysis. Total protein was extracted from the 
human CRC cells using radioimmunoprecipitation assay 
buffer (Beyotime Institute of Biotechnology, Haimen, China). 
A total of 50 µg protein was loaded into each lane on a 
10% SDS-PAGE gel and transferred to PVDF membranes. The 
membranes were incubated in 5% skimmed milk dissolved 
in TBST for 1 h at room temperature, followed by incubation 
with anti-Raf (1:1,200; cat. no. ab137435), anti-p-Raf (1:1,500; 
cat. no. ab173539), anti-ERK (1:2,000; cat. no. ab54230), 
anti-p-ERK (1:1,500; cat. no. ab50011), anti-MEK (1:1,000; 

cat. no. ab32091), anti-p-MEK (1:2,000; cat. no. ab96379) 
and anti-GAPDH (1:2,000; cat. no. ab9485; all from Abcam, 
Cambridge, MA, USA) overnight at 4˚C. The membranes 
were incubated with secondary peroxidase-conjugated 
antibody (1:1,500; cat. no. ab205718/ab205719; Abcam) 
for 1 h following washing with TBS. The membranes 
were assessed using an enhanced chemiluminescence kit 
(Beyotime Institute of Biotechnology). The relative level 
of each band was measured using ImageJ K.1.45 software 
(National Institutes of Health, Bethesda, MD, USA).

Transwell migration assay. A migration assay was conducted 
using Transwell chambers (pore size, 8 µm; Costar, 
Cambridge, MA, USA). Human colorectal cancer cells 
that overexpressed H19 or control human colorectal cancer 
cells (2x104) were trypsinized and re-suspended in 200 µl 
serum-free RPMI-1640 medium. The cells were seeded into 
the upper Transwell chamber. The lower chambers were 
filled with 800 µl complete RPMI‑1640 medium with 10% 
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.). 
Following incubation for 24 h at 37˚C, the cells on the upper 
side of the chamber were carefully scraped off with cotton 
swab. The cells that had migrated to the lower side of the 
chamber were fixed using 1% crystal violet for 15 min at 
room temperature before being counted. The images were 
captured using an inverted microscope (magnification, x200; 
Olympus Corporation, Tokyo, Japan). The number of cells 
that migrated were counted using ImageJ software.

Transwell invasion assay. Transwell invasion assay was 
performed using Transwell chambers with BD Matrigel 
coating the upper side of the Transwell insert (Costar). The 
cells were seeded, and the number of cells that invaded 
through the Matrigel insert were counted using the afore-
mentioned method for the Transwell migration assay.

Statistical analysis. All statistical analyses were performed 
using SPSS software (version 17; SPSS, Inc., Chicago, IL, 
USA). The significance of the differences between two groups 
was assessed using Student's t-test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Overexpression of H19 promotes the migration and invasion 
of CRC cells. In order to elucidate the function of H19 in the 
migration and invasion of CRC cells, the pWPXL lentiviral 
vector was utilized to overexpress H19 in SW480 and HCT116 
cells. In order to detect H19 expression in CRC cells, RT-qPCR 
was conducted. Compared with control CRC cells, overexpres-
sion of H19 in SW480 and HCT116 cells significantly elevated 
H19 expression levels (Fig. 1A; P<0.01). Whereas, knockdown 
of H19 in SW480 and HCT116 cells reduced H19 expression 
levels compared with CRC negative control cells (Fig. 1B; 
P<0.01). Transwell migration and invasion assays were 
performed to evaluate the migratory and invasive capacity of 
the CRC cells. The Transwell migration and invasion assays 
demonstrated that the overexpression of H19 in SW480 and 
HCT116 cells was able to promote the migration and invasion 
of CRC cells compared with the control treatment (P<0.01; 
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Figs. 2 and 3), whereas the knockdown of H19 significantly 
decreased the migration and invasion of SW480 and HCT116 
CRC cells compared with the control treatment group (P<0.01 
and P<0.05; Figs. 4 and 5).

H19 regulates the activation of Ras. The underlying 
molecular mechanism of H19 in promoting cell migra-
tion and invasion was investigated. A potential signaling 
pathway was identified which may be regulated by H19 

Figure 2. Overexpression of H19 increases the migration and invasion of HCT116 cells. (A) Overexpression of H19 increases the migration of HCT116 cells. 
(B) Overexpression of H19 increases the invasion of HCT116 cells (magnification, x200).

Figure 1. The relative expression levels of H19 in CRC cells. (A) Overexpression of H19 in SW480 and HCT116 cells significantly elevates H19 expression 
levels (B) Knockdown of H19 in SW480 and HCT116 cells reduces H19 expression levels.
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and is associated with migration and invasion of human 
CRC cells.

The RAS-MAPK signaling pathway is one of the most 
frequently dysregulated pathways in human cancer (31). 
In order to evaluate the association between H19 and the 
RAS-MAPK signaling pathway, a Ras activity assay was 
performed following transfection with H19 full-length 
sequence and siRNA against H19 in SW480 and HCT116 
cells. The overexpression of H19 was able to upregulate the 
expression level of active Ras (Fig. 6A), whereas the knock-
down of H19 was able to downregulate the expression level 

of active Ras (Fig. 6B). These results indicate that H19 may 
affect the expression level of active Ras.

H19 affects the level of p‑Raf, p‑ERK and p‑MEK. The 
underlying molecular mechanism of H19 in promoting 
cell migration and invasion, and the association between 
H19 and the RAS-MAPK signaling pathway were evalu-
ated. The phosphorylation of Raf, ERK and MEK is an 
important element of the RAS-MAPK signaling pathway. 
The level of p-Raf, p-ERK and p-MEK was analyzed using 
western blotting. The overexpression of H19 was able to 

Figure 3. Overexpression of H19 increases the migration and invasion of SW480 cells. (A) Overexpression of H19 increases the migration of SW480 cells. 
(B) Overexpression of H19 increases the invasion of SW480 cells (magnification, x200).

Figure 4. H19 knockdown inhibits the migration and invasion of HCT116 cells. (A) H19 knockdown inhibits the migration of HCT116 cells. (B) H19 knock-
down inhibits the invasion of HCT116 cells (magnification, x200).
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increase the phosphorylation level of Raf, ERK and MEK 
(Fig. 7A), whereas H19 knockdown decreased the level of 
p-Raf, p-ERK and p-MEK (Fig. 7B). The results suggest that 
H19 may be able to regulate the level of p-Raf, p-ERK and 
p-MEK.

Effect of H19 on cell migration and invasion may be reversed 
by treatment with a MAPK inhibitor. To determine whether 
H19 promotes cell migration and invasion through the 
RAS-MAPK signaling pathway, H19-overexpressed SW480 
and HCT116 cells were treated with a MAPK inhibitor, and 
subsequently Transwell migration and invasion assays were 
performed. The rates of cell migration and invasion were 
decreased following treatment with the MAPK inhibitor 
(P<0.01; Figs. 8 and 9). The results indicated that the inhibi-
tion of MAPK was able to decrease the effect of H19 on cell 
migration and invasion on SW480 and HCT116 cells.

Discussion

lncRNAs serve important functions in a number of biological 
processes, including cell cycle, proliferation, apoptosis, 
differentiation and invasion (34-36). Numerous studies have 
demonstrated that lncRNAs are important molecules in human 
malignancies (19-21,37-39). However, the functions of lncRNAs 

Figure 5. H19 knockdown inhibits the migration and invasion of SW480 cells. (A) H19 knockdown inhibits the migration of SW480 cells (B) H19 knockdown 
inhibits the invasion of SW480 cells (magnification, x200).

Figure 7. H19 increases the level of p-Raf, p-ERK and p-MEK. 
(A) Overexpression of H19 increases the level of p-Raf, p-ERK and p-MEK. 
(B) H19 knockdown decreases the phosphorylation level of p-Raf, p-ERK 
and p-MEK. MEK, mitogen-activated protein kinase kinase; ERK, extracel-
lular signal-related kinase; p-, phosphorylated.

Figure 6. H19 upregulates the expression level of active Ras. 
(A) Overexpression of H19 upregulates the expression level of active Ras. 
(B) H19 knockdown downregulates the expression level of active Ras. NC, 
negative control.
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and the underlying molecular mechanism of the oncogenicity 
of lncRNAs are not well understood. Previous studies have 
suggested that lncRNA H19 is overexpressed in a variety 
of types of cancer and that H19 promotes cancer progres-
sion (22,40,41). For example, it was previously demonstrated 
that H19 promoted the proliferation of colorectal cancer cells 
via a competing endogenous RNA mechanism (42). By binding 
to miR-200a, H19 increased the level of CTNNB1, which is a 
target of miR-200a, and therefore facilitated the proliferation 
of CRC cells (42). Similarly, it has been identified that H19 
may promote epithelial to mesenchymal transition by acting as 
a ‘miRNA sponge’ in colorectal cancer (43). Previous research 

has demonstrated that H19 is an oncogene and promotes the 
proliferation and metastasis of CRC cells (44). With regard to 
the underlying molecular mechanisms of H19 in promoting the 
progression of CRC, a number of studies have focused on the 
functions of H19 as a competing endogenous RNA or ‘miRNA 
sponge’ (43,45). In the present study, it has been demonstrated 
that H19 may promote the migration and invasion of colorectal 
cancer cells via a novel mechanism.

The Ras/Raf/MEK/ERK cascade couples signals from 
cell-surface receptors to transcription factors, and they may be 
able to regulate gene expression (31). This signaling pathway 
may also be activated in certain tumors via the overexpression 

Figure 9. Inhibition of MAPK decreased the effect of H19 on the migration and invasion of SW480 cells. (A) Inhibition of MAP decreased the effect of H19 on 
the migration of SW480 cells. (B) Inhibition of MAPK decreased the effect of H19 on the invasion of SW480 cells (magnification, x200).

Figure 8. Inhibition of MAPK decreased the effect of H19 on the migration and invasion of HCT116 cells. (A) Treatment with a MAPK inhibitor decreased 
the effect of H19 on the migration of HCT116 cells. (B) Treatment with a MAPK inhibitor decreased the effect of H19 on the invasion of HCT116 cells 
(magnification, x200).
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of wild-type or mutated receptor, including epidermal growth 
factor receptor, chromosomal translocations of breakpoint 
cluster region-c-abl oncogene 1 (BCR-ABL) and cytokine 
receptor mutations e.g., Fms related tyrosine kinase 3 (31).

Ras, a small guanosine triphosphate-binding protein, is one 
of the most common upstream molecules of certain signaling 
pathways, including Raf/MEK/ERK (46). In total, four types 
of Ras have been identified: Ha‑Ras, N‑Ras, Ki‑Ras 4A and 
Ki-Ras 4B. Ki-Ras 4A and Ki-Ras 4B are generated from the 
same gene by alternative splicing. Ki-Ras is a strong inducer of 
the Raf/MEK/ERK signaling cascade compared with Ha-Ras 
and is more frequently mutated in human cancer (47). The 
overexpression of the Ras/Raf/MEK/ERK signaling pathway 
has been implicated in advanced prostate cancer and has been 
associated with poor patient prognosis (48). The molecules 
in the Ras/Raf/MEK/ERK signaling pathway, which act as 
growth factors may be induced by autocrine and paracrine 
signaling (49). However, a number of studies assessed the func-
tion of the RAS-MAPK signaling pathway in human colorectal 
cancer, particularly the combined functions of H19 and the 
RAS-MAPK signaling pathway. In the present study, in order 
to investigate whether H19 promotes invasion and migration 
via activation of MAPK signaling, MAPK was inhibited and 
the effect of H19 on migration and invasion of cancer cells was 
assessed. The results revealed that the inhibition of MAPK 
was able to suppress the pro-metastatic function of H19, which 
supports the hypothesis that H19 promotes the migration and 
invasion of cancer cells via activation of MAPK signaling. 
However, the present study has only identified the association 
between H19 and RAS-MAPK signaling pathway in CRC using 
in vitro techniques. Therefore, in vivo experiments should be 
carried out to corroborate the in vitro data.

In conclusion, H19 may promote the migration and inva-
sion of CRC cells, by activating Ras protein and upregulating 
the levels of p-Raf, p-MEK and p-ERK. H19 may facilitate 
the migration and invasion of CRC cells via the RAS-MAPK 
signaling pathway.
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