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Long non-coding RNA H19 promotes the
proliferation of fibroblasts in keloid scarring
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Abstract. The expression of the long non-coding RNA
(IncRNA) H19 is associated with proliferation in tumors. In
order to investigate whether H19 may additionally mediate the
proliferation of fibroblasts in human keloid disease, the present
study collected samples from 24 subjects, including 8 with
keloids, 8 with normal scars and 8 normal skin controls. Reverse
transcription-polymerase chain reaction revealed that H19
levels were markedly increased in human keloids compared
with normal scars and normal skin controls (P=0.017). In order
to identify a potential role for H19 in the proliferative activity of
human keloid fibroblasts, small interfering (si)RNA-mediated
silencing experiments were performed. H19 siRNA treatment
markedly inhibited the proliferation of keloid fibroblasts, as
assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide assay (P=0.008). In order to identify the
signaling mediators that are regulated by H19 in keloid fibro-
blasts, the expression levels of mammalian target of rapamycin
(mTOR) and vascular endothelial growth factor (VEGF) were
examined using western blotting. The results confirmed that
knockdown of H19 inhibited mTOR and VEGF expression. In
summary, the results indicate that H19 may be associated with
increased proliferative activity of keloid fibroblasts, which
may be mediated by mTOR and VEGF.
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Introduction

Keloid disease (KD), alternatively known as keloid scarring,
is a type of fibrous tissue proliferation that commonly occurs
following skin trauma or plastic surgery (1). Previous studies (2)
have demonstrated that the pathogenesis of KD is associated
with the functional activity of multiple signaling transduction
pathways, genes and cytokines. Fibroblasts are the primary
effector cells of KD tissue, the typical pathological features
of which include excessive proliferation, disordered apoptosis
and secretion of large amounts of extracellular matrix (3).
Long non-coding RNAs (IncRNAs) are a group of RNA
molecules, which range in length from 200 to 100,000 nucleo-
tides and do not encode any proteins (4). Numerous studies (5)
have demonstrated that IncRNAs participate in various
important regulatory processes, including transcriptional acti-
vation, transcriptional interference and intranuclear transport.
Aberrant expression of the IncRNA H19 has been observed
in various tumor types, suggesting potential oncogenic
activity (6). Conversely, deletion of H19 reduces the prolifera-
tion and invasiveness of tumor cells (7). Given that HI9 has a
unique role in gene expression and tumorigenesis, the present
study aimed to investigate the hypothesis that H19 may also
be associated with KD. The expression of H19 RNA in KD
tissue from patients was initially measured using reverse
transcription-polymerase chain reaction (RT-PCR), and the
association between H19 and proliferation of KD fibroblasts
was subsequently investigated using small interfering (si RNA
transfection and pathway analysis. The results define the func-
tion of H19 in KD and suggest a signaling mechanism that
may be associated with the proliferation of keloid fibroblasts.

Materials and methods

Study participants and sample collection. Tissue specimens
were collected from 8 KD patients who received treatment
at The First Affiliated Hospital of Nanchang University
(Nanchang, China) between May 2006 and June 2013. None
of the patients had received any medical treatment prior to
surgery. Informed consent was obtained from all patients prior
to surgery, and the research protocol was approved by the
Ethics Committee of The First Affiliated Hospital of Nanchang
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University (approval no.,2014D0307) prior to sample collection.
The diagnosis of KD was confirmed by postoperative pathology,
according to scar management practical guidelines (8,9). As a
control, an additional 8 cases of normal skin and 8 cases of
normal mature scars were collected from the chest and back,
which was similar to those of the KD cases.

Isolation and culture of fibroblasts. Freshly resected specimens
were washed with normal saline three times. Following removal
of the epithelial tissue, the specimens were cut into 2x2-mm
tissue blocks and spread evenly across sterile flasks. Following
the addition of 0.5 ml Dulbecco's modified Eagle's medium
(DMEM,; InvivoGen, San Diego, CA, USA), the tissues were
cultured at 37°C in an atmosphere of 5% CO, in an incubator
for 4 h. Subsequently, an additional 5 ml DMEM and a small
amount of fetal bovine serum (FBS; InvivoGen) were added, the
flasks were rotated and culture was continued. The medium was
replaced every 3-4 days. When the cultured fibroblasts grew to
confluence, they were washed with phosphate-buffered saline,
digested with 0.25% trypsin (InvivoGen) and passaged in fresh
medium. Passage-three cells were used for subsequent experi-
ments.

Liposome-mediated siRNA interference. In vitro-cultured fibro-
blasts were left untransfected (blank control group), or were
transfected with H19 siRNA (H19 siRNA group) or a non-homol-
ogous siRNA (negative control group). The H19 siRNA was
composed of a mixture of three siRNAs: HI19-siRNA1, 5-CCA
ACAUCAAAGACACCAUdTAT-3; H19-siRNA2,5'-GCAGGA
CAUGACAUGGUCCATAT-3"; and H19-siRNA3, 5-UAAGUC
AUUUGCACUGGUUATAT-3' (10). When cells grew to 60-80%
confluence, transfection was performed with Attractene Trans-
fection Reagent (Qiagen, Inc., Valencia, CA, USA) according
to the manufacturer's protocol (8 wells/group). Following 5 h
of transfection, DMEM containing 20% FBS was added, and
cells were cultured at 37°C for 24 h. Subsequently, the medium
was replaced with fresh DMEM containing 10% FBS, and cell
culture was continued for 24-48 h prior to harvesting.

Detection of IncRNA HI19 expression by RT-PCR. Total RNA
was isolated from fresh tissue specimens (100 mg) from each
patient, or from cultured transfected cells harvested 1 day
subsequent to fibroblast transfection. RNA was extracted using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) according to the manufacturer's protocol.
Reverse transcription was performed with the SuperScript® IT
Reverse Transcriptase kit (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Subsequently,
PCR was performed in order to assess the expression of IncRNA
HI19 using the GeneAmp® PCR System 9700 (Applied Biosys-
tems; Thermo Fisher Scientific, Inc.) using PrimeSTAR HS
DNA Polymerase with GC Buffer (Takara Bio, Dalian, China).
Glyceraldehyde-3 phosphate dehydrogenase (GAPDH) was
used as the internal loading control. The primers were designed
using Primer Premier 5.0 software (Premier Biosoft Interna-
tional, Palo Alto, CA, USA) and synthesized by Sangon Biotech
Co. Ltd. (Shanghai, China) as follows: H19, forward 5'-TAC
AACCACTGCACTACCTG-3' and reverse 5S"-TGGAATGCT
TGAAGGCTGCT-3"; and GAPDH, forward 5-GGGAGCCAA
AAGGGTCAT-3' and reverse 5-GAGTCCTTCCACGATACC
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AA-3'". The reaction conditions were 95°C for 10 min, followed
by 40 cycles of 95°C for 30 sec and 60°C for 1 min. The
specificity of amplification products was confirmed using a
negative control (no cDNA) and a RT-minus control (no RT).
The relative expression of H19 in each group was quantified
by agarose gel electrophoresis with ethidium bromide
[Tiangen Biotech (Beijing) Co., Ltd., Beijing, China],
followed by measurement of the optical density (OD) of the
electrophoretic bands (NanoDrop 1000 Spectrophotometer;
Thermo Fisher Scientific Inc., Wilmington, DE, USA). The
DNA ladder was also obtained from Tiangen Biotech
(Beijing) Co., Ltd.. Each specimen was tested 8 times.

Assessment of proliferation of KD fibroblasts by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The transfected fibroblasts were digested with
trypsin and seeded as cell suspensions at a concentration of
1x10* cells/ml into 96-well plates, with 100 p1 suspension per
well. A total of 20 ul MTT (5 mg/ml) was added to each
of 8 wells per group, and culture was continued for 12, 24
or 48 h. Following the end of this incubation period, the
supernatants were discarded and 150 pl dimethyl sulfoxide
was added to each well. Plates were vibrated to dissolve the
crystals thoroughly, and OD was measured at 490 nm (Nano-
Drop 1000 Spectrophotometer).

Detection of vascular endothelial growth factor (VEGF) and
mammalian target of rapamycin (mTOR) expression in trans-
fected fibroblasts by western blotting. Cells were harvested
48 h subsequent to transfection, and lysates were prepared
using RIPA cell lysis reagent (Beyotime Institute of Biotech-
nology, Beijing, China) according to the manufacturer's
protocol. Protein concentrations in lysates were quantified
by the Bradford method (11), and equal amounts of protein
were loaded onto sodium dodecyl sulfate-polyacrylamide
gels. Following electrophoresis, the proteins were transferred
to membranes using a wet transfer method, blocked with 1%
bovine serum albumin in Tris-buffered saline containing
0.1% Tween 20 (TBST; Sangon Biotech Co. Ltd.) and
incubated with primary antibodies (dilution, 1:500) over-
night. The polyclonal goat anti-rabbit anti-VEGF (catalog
no., sc-507), polyclonal goat anti-rabbit anti-mTOR (catalog
no., sc-8319) and polyclonal goat anti-rabbit anti-caspase-3
(catalog no., sc-7148) antibodies were obtained from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). The internal
reference, a polyclonal goat anti-rabbit anti-GAPDH
antibody (dilution, 1:5,000; catalog no., G9545) was from
Sigma-Aldrich (St. Louis, MO, USA). The membranes
were washed in TBST and incubated with goat anti-rabbit
horseradish peroxidase-labeled secondary antibody (dilution,
1:5,000; catalog no., CW0103S; ComWin Biotech Co., Ltd.,
Beijing, China) at room temperature for 1 h. Protein bands
were detected using Immoblion Western Chemiluminescent
HRP Substrate (EMD Millipore, Billerica, MA,USA), and
the intensity of the bands was analyzed using ImageJ soft-
ware (National Institute of Health, Bethesda, MD, USA).

Statistical analysis. Data were analyzed by SPSS version 19.0
(IBM SPSS, Armonk, NY, USA) and are expressed as the
mean + standard deviation. Comparisons were performed



ONCOLOGY LETTERS 12: 2835-2839, 2016

H19 375bp

GAPDH 181bp

1 2 3

2837

B
= 0.8+ &8
F
ES o
E: 0.4
£3
,E: [ %3 Ep—
;|
- o ;
1 2 H

Figure 1. H19 expression is elevated in KD. H19 IncRNA expression in normal tissue (lane 1) and normal fibrous tissues (lane 2) was compared with that in KD
tissue (lane 3) using RT-PCR. (A) Representative agarose gel showing RT-PCR results of one sample from each group is provided. GAPDH was assessed as an
internal control. (B) The expression values (optical densities) of H19 relative to GAPDH expression were calculated for 8 samples from each group and expressed
as the means + standard deviations. “P<0.05 compared with normal tissue; “P<0.05 compared with mature fibrous tissue. KD, keloid disease; IncRNA, long
non-coding RNA; RT-PCR, reverse transcription-polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

using analysis of variance and the Student's 7-test. Paired
comparisons were performed by Fisher's least significant
difference test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of IncRNA HI9 is elevated in KD tissues. To
determine whether H19 expression is associated with KD,
tissue samples were collected from 24 study participants,
including 8 with keloids, 8 with normal scars and 8 normal
skin controls. The expression of IncRNA H19 was significantly
increased in KD tissues (0.6550+0.2767) compared with normal
(0.1725+0.0568) and mature (0.1975+0.0808) fibrous tissues
(P=0.017; Fig. 1). The results indicated that elevated H19 may
be associated with KD. As keloid fibroblasts proliferate more
rapidly compared with normal fibroblasts (12), it is possible that
H19 may regulate proliferation in KD tissues.

H19 regulates the proliferation of KD fibroblasts. In order to
directly assess whether H19 is involved in the proliferation of
keloid fibroblasts, RNA interference technology was used to
silence the expression of H19 in cultured keloid fibroblasts.
Reduced H19 RNA expression was confirmed at 24 h following
transfection of specific H19 siRNA (si-H19; 0.0350+0.0.0293)
as compared with the blank (0.6280+0.1880) or negative
control siRNA (si-scramble; 0.5825+0.2440) groups (P=0.017,
Fig. 2A and B).

Furthermore, compared with si-scramble, fibroblast prolif-
eration was significantly inhibited by si-H19 at 12,24 and 48 h
following transfection (Fig. 2C): Si-scramble vs. si-H19; 12 h,
0.1982+0.0279 vs.0.1421+0.0153 (P<0.01); 24 h,0.2563+0.05127
vs. 0.2015+0.0281 (P<0.01); and 48 h, 0.3143+0.0984 vs.
0.2312+0.0315 (P<0.05). These findings demonstrated that H19
may mediate proliferation in keloid fibroblasts.

H19 mediates the expression of VEGF and mTOR. In order to
identify proliferative signaling pathways that may be associated
with H19 expression in keloid fibroblasts, western blotting was
performed on two signaling molecules associated with keloid
cell proliferation, VEGF and mTOR. Compared with the blank
(VEGF, 0.950+0.1007; mTOR, 0.610+0.0972) and negative

(VEGF, 0.934+0.1119; mTOR, 0.634+0.0939) control groups,
the expression levels of VEGF and mTOR were significantly
decreased in H19 siRNA-transfected cells (0.356+0.0808,
P=0.013 and 0.184+0.06914, P=0.009, respectively; Fig. 3).
These findings suggest a signaling pathway that may explain the
effects of H19 on proliferation in KD.

Discussion

To the best of our knowledge, the present study is the first to
demonstrate that the expression of the IncRNA H19 is abnormally
increased in KD tissues. Additionally, using RNA-mediated
silencing, it was directly demonstrated that H19 expression
regulates the proliferation of keloid fibroblasts. Furthermore,
the functions of several proteins that may serve as downstream
regulators of H19 were investigated. The results demonstrate
that knockdown of H19 is able to reduce the expression of
mTOR and VEGF, which may explain the functional effects of
H19 on keloid cell proliferation.

Reduced mTOR levels following H19 knockdown are
consistent with its effects on proliferation. The mTOR/P70S6k
signaling pathway is known to participate significantly in the
pathogenesis of KD, and inhibition of mTOR activity may inhibit
the proliferation of KD fibroblasts (13). mTOR is the target
protein of rapamycin in mammals. Inhibition of mTOR activity
may block the phosphorylation of P70S6K and eukaryotic
translation initiation factor 4E (EIF4E)-binding protein 1, and
prevent the release and transcription of EIF4E, thus inhibiting
cell growth and proliferation (13). P70S6K is the ribosome 40s
small subunit of the protein kinase S6K. Phosphorylation of
S6K leads to translational initiation of 5'-terminal oligopy-
rimidine mRNA, the product of which controls the majority of
the components of translation; these translational components
have a significant role in cell growth and proliferation induced
by mitogen stimulation (14). Therefore, the observation in the
present study that downregulation of HI9 RNA may markedly
reduce the amount of mTOR expression suggested that H19
is able to control the proliferation of KD fibroblasts via the
mTOR signaling pathway.

The effects of H19 knockdown on VEGF may additionally
contribute to the control of proliferation. VEGF overexpres-
sion is a significant factor in the formation and progression
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Figure 2. Knockdown of H19 expression suppresses the proliferation of keloid fibroblasts. (A and B) Keloid fibroblasts were transfected with blank control
(lane 1), negative control siRNA (si-scramble; lane 2) or H19 siRNA (si-H19; lane 3), and the levels of H19 RNA expression relative to GAPDH mRNA expression
were assessed by reverse transcription-polymerase chain reaction, gel electrophoresis and densitometry. (A) A representative gel is shown, in addition to (B) the
semi-quantified results, presented as the mean + standard deviation of 8 experimental replicates. “P<0.05 compared with the blank control group; *P<0.05 com-
pared with the negative control siRNA group. (C) Proliferation of keloid fibroblasts was assessed by MTT assay 12, 24 or 48 h subsequent to transfection. Results
represent the mean =+ standard deviation of 8 experimental replicates. “P<0.01 compared with negative control (si-scramble). siRNA, small interfering RNA;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OD, optical density.
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Figure 3. H19 knockdown reduces the expression of VEGF and mTOR in keloid fibroblasts. Expression of VEGF and mTOR was assessed by western
blotting 24 h following transfection with blank control (lane 1), negative control siRNA (lane 2) or H19 siRNA (lane 3). (A and B) Representative results are
shown, as well as quantification (mean + standard deviation) of the band densities relative to GAPDH obtained in 8 independent experiments. Results were
standardized to an average of 1.0 in control cells. ¥P<0.05 compared with the blank control group; “P<0.05 compared with the negative control siRNA group.
VEGF, vascular endothelial growth factor; mTOR, mammalian target of rapamycin; siRNA, small interfering RNA; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.

expression of VEGEF is relatively low; however, its expression
is increased under certain pathological conditions, including in

of KD (15,16) and, consequently, inhibiting the production
of VEGF in KD may reduce the number of newly formed

vessels to inhibit KD growth (16). VEGF is a vascular
endothelial cell-stimulating factor important in the forma-
tion of new vessels (17). It is expressed widely in the normal
human body (18). Under normal physiological conditions, the

tumor tissues (19-21). In addition to promoting vascular forma-
tion, VEGF increases the blood supply and repair of damaged
tissues and vascular endothelial cells (17). Previous studies
have demonstrated that full-length VEGF is expressed in KD
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tissues, primarily in keratinocytes and fibroblasts (22,23). In
the present study, it was demonstrated that a reduction in H19
expression inhibited the formation of VEGEF, thus inhibiting
the proliferation of KD fibroblasts. These findings indicate
that H19 is a significant factor regulating the generation of
VEGF from fibroblasts.

Previous studies have revealed that the occurrence of
pathological KD may be associated with abnormalities in
additional signaling transduction pathways, including c-Myc
and E2F transcription factor 1 (E2F1) (24,25). The expression
of the proto-oncogene c-Myc is markedly elevated in KD
tissue (25). c-Myec is thought to be closely associated with
cell proliferation and differentiation, primarily via a mecha-
nism involving the activation of growth factors, receptors
and intracellular signaling molecules (26). A previous study
reported that c-Myc was able to induce the expression of H19
IncRNA (27). Therefore, H19 expression may be regulated by
c-Myc in keloid fibroblasts. The expression of E2F1 protein
in KD tissues is also elevated compared with normal skin
tissue, indicating that E2F1 has a significant role in fibroblast
differentiation, proliferation or phenotype transformation
and collagen synthesis (28). In addition, E2F1 is capable of
inducing the expression of H19 (29). Thus, we hypothesize that
H19 expression in KD fibroblasts may be regulated via c-Myc
and E2F]1, and the activation of HI9 may have a significant
role in the proliferation of fibroblasts in KD, via downstream
effects on mTOR and VEGF.

In conclusion, the current study demonstrated that H19 is
overexpressed in KD, and that this overexpression is closely
associated with the proliferation of fibroblasts in KD. Down-
regulation of H19 expression was able to inhibit the generation
of mTOR and VEGTF, thus inhibiting the proliferation of KD
fibroblasts. These findings indicate that HI9 may serve as a
novel target for the treatment of KD.
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