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Knockdown of elF3a inhibits TGF-p1-induced extracellular
matrix protein expression in keloid fibroblasts

TIANYU LI and JUNXIANG ZHAO

Plastic and Cosmetic Center, Nanyang Nanshi Hospital, Affiliated Hospital of
Henan University, Nanyang, Henan 473001, P.R. China

Received January 22, 2016; Accepted February 15,2017

DOI: 10.3892/mmr.2017.8365

Abstract. Keloid formation is characterized by hyperp-
roliferation of secretory and responsive keloid fibroblasts
(KFs) and overproduction of extracellular matrix (ECM).
Eukaryotic translation initiation factor 3 subunit A (e[F3a) one
of the core subunits of the translation initiation complex, elF3,
has previously been reported to possess an anti-fibrogenic
effect. However, the role of elF3a in keloid formation has
not yet been investigated. Therefore, the present study exam-
ined the effect of elF3a on transforming growth factor-f31
(TGF-p1)-mediated ECM expression in KFs. The expression
levels of elF3a in human keloid tissues was evaluated using
reverse transcription-quantitative polymerase chain reaction
and western blotting. KFs were incubated with siRNA-elF3a
or siRNA-mock for 48 h. The cells were then treated with
TGF-p1 (10 ng/ml) for 72 h. Cell proliferation was evaluated
using the CCK-8 assay. The expression levels of a-SMA,
collagen type I, TGF-f receptor I (RI), TGF-3 RII, phosphory-
lated (p)-mothers against decapentaplegic homolog (Smad2),
Smad2, p-Smad3 and Smad3 were detected western blotting.
The present study identified significant upregulation of elF3a
mRNA and protein and in human keloid tissues compared
with in normal tissues. Knockdown of elF3a inhibited KF
proliferation induced by TGF-f1. In addition, eIF3a silencing
significantly suppressed the TGF-B1-induced expression of
a-smooth muscle actin, collagen I, TGF-f RI and TGF- RII
in KFs. Furthermore, elF3a silencing inhibited the phosphory-
lation levels of Smad2 and Smad3 in TGF-f1-induced KFs.
To the best of our knowledge, the current study is the first to
demonstrate that siRNA-elF3a inhibits the expression ECM
proteins via the TGF-B1/Smad signaling pathway in KFs.
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Therefore, eIF3a may be a potential, novel target for treatment
of keloids.

Introduction

Keloids are a pathological wound healing response to cuta-
neous injury in genetically susceptible individuals. Keloid
formation is characterized by hyperproliferation of secretory
and responsive keloid fibroblasts (KFs), overproduction of
extracellular matrix (ECM) (1). Although there are various
methods widely applied for the treatment of keloids, including
intralesional steroid injection, dermabrasion, pressure therapy,
surgical excision, radiotherapy, cryotherapy, pulse dye, and
carbon dioxide laser ablation (2,3), the pathogenesis of keloids
is not fully understood and there is no standard treatment
method. Accumulating data has demonstrated that the prolif-
eration and migration of KFs are involved in keloid formation
by synthesizing ECM (4-6).

Transforming growth factor (TGF)-p1 is one of the most
important cytokines that promote keloid formation (7,8).
Keloid-derived fibroblasts demonstrated a unique sensitivity
to TGF-f, coupled with an increased expression of TGF-f1
and 2 and TGF-f type I and II receptors, and an increased
proliferation and collagen production (9,10). Therefore, inhib-
iting the TGF-B1 pathway may have therapeutic potential for
keloid treatment.

The eukaryotic translation initiation factor 3 subunit A
(eIF3a) is one of the core subunits of the translation initiation
complex elF3, responsible for ribosomal subunit joining and
mRNA recruitment to the ribosome (11). Multiple lines of
evidence support that elF3a is involved in regulating cell cycle
and cell differentiation (12,13). For example, Liu e al (13)
reported that the expression of elF3a was significantly
reduced in colon cancer cell lines prior to differentiation. The
overexpression of elF3a inhibited the progression of colon
cancer; however, e[F3a knockdown greatly induced colon
cancer cell differentiation (13). In addition, it was reported that
knockdown of elF3a inhibits collagen synthesis in renal fibro-
blasts via inhibition of TGF-f1/Smad signaling pathway (14).
However, the role of elF3a in keloid formation has not yet
been investigated. Therefore, in the current study, the effect
of eIF3a on TGF-Bl-mediated ECM production in KFs was
examined. The present study demonstrated that elF3a was
highly expressed in human keloid tissues, and knockdown of
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elF3a efficiently suppressed ECM expression in KFs, at least
in part, via the TGF-f1/Smad signaling pathway. Thus, eIF3a
may be a potential target for treatment of keloids.

Materials and methods

Tissue sample collection. Fresh keloid and normal skin
samples were obtained from 8 healthy subjects with keloid
and another 8 healthy subjects. All the subjects were patients
of the Department of Burns and Plastic Surgery, Plastic
and Cosmetic Center, Nanyang Nanshi Hospital, Affiliated
Hospital of Henan University (Nanyang, China). The present
study was approved by Ethics Committee of Nanyang Nanshi
Hospital. Informed consent was obtained from all individual
subjects for all procedures.

KF culture. Primary KF cultures were established as previ-
ously described (15). The specimens were digested in
Dulbecco's modified Eagle's medium (DMEM; Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with
0.5% dispase overnight at 4°C, then cultured in DMEM with
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 0.1 g/ml streptomycin at 37°C in a humidified
incubator with 5% CO,.

Transfection of small interfering (si)RNA. siRNA-elF3a
(5-GCAGATGGTCTTAGATATA-3") and the non-silencing
control siRNA (siRNA-mock, 5'-GCAAAAAATGGGTTT
TCGT-3") were purchased from Cell Signaling Technology,
Inc. (Danvers, MA, USA). For in vitro transfection, KFs
were plated and cultures to 70-90% confluency without
antibiotics, and then incubated with a mixture of siRNA
and Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) in 100 ul serum-free DMEM, according to
the manufacturer's instructions. The cells were harvested
with extraction buffer after transfection for 48 h. The rela-
tive expression of elF3a was determined using western blot
analysis.

Cell proliferation assay. Cell proliferation was determined
using Cell Counting Kit-8 (CCK-8; Beyotime Institute of
Biotechnology, Haimen, China) according to manufacturer's
instructions. In brief, KFs at a density of 1x10* cells/well were
transfected with siRNA-elF3a or siRNA-mock, and treated
with TGF-1 (10 ng/ml). Following cultivation for 72 h, CCK-8
solution (10 ul) was added to each well and the plates were
incubated for 2 h. The absorbance was determined at 490 nm
(optical density value) using a Synergy HT microplate reader
(Thermo Fisher Scientific, Inc.).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was isolated from keloid tissues and
KFs using the TRIzol® Plus RNA Purification kit (Invitrogen;
Thermo Fisher Scientific, Inc.). Complementary DNA was
synthesized from 2 ug of total RNA with an AMV reverse
transcriptase kit (Promega Corporation, Madison, WI, USA)
according to the manufacturer's instructions. RT-qPCR
amplification was carried out on an IQ5 real-time PCR system
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) using a SYBR
Premix Ex Taq kit (Takara Biotechnology Co., Ltd., Dalian,
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China) following the manufacturer's instructions. The specific
primers used were as follows: elF3a sense, 5"TCAAGTCGC
CGGACGATA-3' and anti-sense, 5'-CCTGTCATCAGCACG
TCTCCA-3'; and for -actin were sense, 5-AAATCGTGCGTG
ACATCAAAGA-3" and antisense, 5-GGCCATCTCCTGCTC
GAA-3'. The PCR cycling program was 95°C for 5 min, then
35 cycles of 94°C for 20 sec, 59°C for 20 sec and 72°C for 25 sec,
and a final extension at 72°C for 4 min. The specificity of the
PCR product was examined by dissociation curve analysis, and
the relative quantification of gene expression was analyzed by
the 2244 method (16) and normalized to B-actin that served as
internal standard.

Western blot analysis. The proteins were extracted from
keloid tissues and KFs using radioimmunoprecipiation
assay lysis buffer (Beyotime Institute of Biotechnology,
Haimen, China) according to the manufacturer's instructions.
Protein concentration was determined using the Bradford
method. Protein samples (20 pg) were separated by 10%
SDS-polyacrylamide gel electrophoresis and transferred to
nitrocellulose membranes (GE Healthcare Life Sciences,
Little Chalfont, UK). After blocking with 10% fat-free milk
in TBS-Tween [20 mmol/l Tris, 0.15 mol/l NaCl (pH 7.0),
0.1% Tween-20], the membranes were incubated with primary
antibodies [anti-eIF3a (1:3,000, sc-376651), anti-a-smooth
muscle actin (SMA, 1:2,500, sc-53142) (both from Santa
Cruz Biotechnology, Inc., Dallas, TX, USA), anti-collagen I
(1:3,000, SAB4200678), anti-TGF-f RI (1:3,000,
SAB4502958), and anti-TGF-f RII (1:2,500; SAB4504269)
(all from Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
anti-Smad?2 (1:2,500, sc-101153; Santa Cruz Biotechnology,
Inc.), anti-phospho (p)-Smad2 (1:3,000, SAB4301395;
Sigma-Aldrich; Merck KGaA), anti-Smad3 (1:1,500,
sc-101154; Santa Cruz Biotechnology, Inc.), anti-p-Smad3
(1:3,000, SAB4301395; Sigma-Aldrich; Merck KGaA) and
anti-GAPDH (1:3,000, sc-59540; Santa Cruz Biotechnology,
Inc.) at 4°C overnight. Membranes were then washed and
incubated with horseradish peroxidase-conjugated secondary
antibodies (1:2,500, sc-2005; Santa Cruz Biotechnology,
Inc.) for 1 h at room temperature. Proteins were visualized
using the enhanced chemiluminescence western blotting
detection system according to the manufacturer's protocol
(GE Healthcare Life Sciences). Quantification analysis was
performed using Gel-Pro Analyzer software (version 4.0;
Media Cybernetics, Inc., Rockville, MD, USA).

Statistical analysis. All data are expressed as the
mean + standard deviation based on at least three independent
experiments. The significance of differences was analyzed
using Student's t-test or by one-way analysis of variance
followed by a Tukey's post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

elF3a is highly expressed in human keloid tissues. To inves-
tigate the role of eIF3a in keloid pathogenesis, the expression
of elF3a in keloid tissues was measured using RT-qPCR and
western blot analyses. The data demonstrated that the mRNA
expression of elF3a in keloids was significantly higher than
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Figure 1. e[F3a is highly expressed in human keloid tissues. (A) Reverse
transcription-quantitative polymerase chain reaction and (B) western blot
analyses for eIF3a expression in human keloid tissues. Data are expressed
as means + standard deviation. Experiments were performed in triplicate.
“P<0.05 vs. normal skin tissues. e[F3a, eukaryotic translation initiation
factor 3 subunit A.

those in normal skin (P<0.05; Fig. 1A). Similarly, western
blot analysis demonstrated that the protein of elF3a in keloid
was also significantly higher than those in normal skin
(P<0.05; Fig. 1B).

Effects of elF3a on KF proliferation. In order to investigate
the effect of elF3a on cell proliferation and migration in
TGF-p1-induced KFs, an elF3a siRNA was used to knock-
down the expression of elF3a. As presented in Fig. 2A,
siRNA-elF3a significantly decreased the expression levels
of elF3a in KFs compared with the control group and mock
siRNA (P<0.05). The effect of elF3a silencing on KF prolif-
eration induced by TGF-f1 was then examined. The results
indicated that TGF-f1 treatment promoted KF proliferation
compared with the control group. Whereas the cell prolifera-
tion induced by TGF-B1 was inhibited in elF3a-silenced KFs
compared with cells transfected with the mock control siRNA
(P<0.05; Fig. 2B).

Effect of elF3a on the expression of a-SMA and collagen
in human KFs. Subsequently, the effect of elF3a on a-SMA
and collagen I protein levels in TGF-p1-induced KFs was
examined. As demonstrated in Fig. 3, TGF-f1 produced a
significant increase in the expression of a-SMA and collagen
I compared with untreated cells (P<0.05). However, elF3a
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Figure 2. Knockdown of elF3a inhibits KF proliferation induced by TGF-f31.
(A) Western blot analysis of eIF3a expression 48 h after transfection with
siRNA-elF3a. GAPDH was used as a loading control. (B) KFs were incu-
bated with incubated with siRNA-elF3a or siRNA-mock for 48 h. Then
cells were treated with TGF-f1 (10 ng/ml) for 72 h. Cell proliferation was
evaluated using the CCK-8 assay. All experiments were repeated at least
three times and all data are reported as mean + standard deviation. "P<0.05
vs. control group. “P<0.05 vs. TGF-f1 + siRNA-mock group. KF, keloid
fibroblast; eIF3a, eukaryotic translation initiation factor 3 subunit A; siRNA,
small interfering RNA; OD, optical density; CCK-8, Cell Counting Kit-8;
TGF-p1, transforming growth factor-p1.

silencing significantly suppressed the TGF-f1-induced expres-
sion levels of a-SMA and collagen I when compared with the
TGF-p1 + siRNA mock group (P<0.05).

Effect of elF3a onthe expression of TGF-f1 receptor (TGF-R)
I and Il in human keloid fibroblasts. Next, the effect of e[F3a
on TGF-f receptor I (TGF-$ RI) and II expression levels in
TGF-f1-stimulated KFs was examined. As demonstrated in
Fig. 4, TGF-P1 significantly increased TGF-f RI and TGF-3
RII expression in KFs when compared with the control group
(P<0.05). However, elF3a silencing dramatically suppressed
the TGF-p1-enhanced TGF-f RI and TGF- RII expression in
KFs, compared to the TGF-f31 + siRNA-mock group (P<0.05).

Effect of elF3a on phosphorylation of Smad3 in human
KFs. To further explore the intracellular signaling pathway,
the effect of eIF3a on TGF-f1-induced Smad2 and Smad3
phosphorylation in KFs was investigated. As presented in
Fig. 5, the phosphorylation of Smad2 and Smad3 increased in
TGF-pl-treated KFs compared to the control group (P<0.05).
However, elF3a silencing inhibited the phosphorylation levels
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Figure 3. Knockdown of eIF3a inhibits the expression of a-SMA and collagen
type I in TGF-f1-induced keloid fibroblasts. (A) Western blot analysis was
performed to detect the protein expression levels of a-SMA and collagen
type 1. (B) Quantification analysis was performed using Gel-Pro Analyzer
version 4.0 software. Experiments were performed in triplicate. "P<0.05
vs. control group. "P<0.05 vs. TGF-B1 + siRNA-mock group. a-SMA,
a-smooth muscle actin; TGF-f1, transforming growth factor-p1; siRNA, small
interfering RNA; elF3a, eukaryotic translation initiation factor 3 subunit A.
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Figure 4. Knockdown of elF3a inhibits the expression of TGF-f3 RI and IT in
TGF-B1-induced keloid fibroblasts. (A) Western blot analysis was performed
to detect the protein expression levels of TGF-f RI and II. (B) Quantification
analysis was performed using Gel-Pro Analyzer version 4.0 software.
Experiments were performed in triplicate. ‘P<0.05 vs. control group. “P<0.05
vs. TGF-B1 + siRNA-mock group. TGF-§ R, transforming growth factor-f3
receptor; siRNA, small interfering RNA; elF3a, eukaryotic translation initia-
tion factor 3 subunit A.
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Figure 5. Knockdown of elF3a inhibits TGF-f1/Smad signaling pathway in
KFs. (A) KFs were incubated with siRNA-elF3a or siRNA-mock for 48 h.
Then cells were treated with TGF-f1 (10 ng/ml) for 24 h and subjected
to western blot analysis. (B) Quantification analysis was performed using
Gel-Pro Analyzer version 4.0 software. Experiments were performed in
triplicate. “P<0.05 vs. control group; “P<0.05 vs. TGF-B1 + siRNA-mock
group. p, phospho; TGF-f1, transforming growth factor-f1; siRNA, small
interfering RNA; elF3a, eukaryotic translation initiation factor 3 subunit A.

of Smad2 and Smad3 in TGF-f1-induced KFs compared with
the TGF-P1 + siRNA-mock group (P<0.05).

Discussion

In the present study, a significant upregulation of elF3a
mRNA and protein in human keloid tissues was observed
when compared with normal tissues. Knockdown of elF3a
inhibited KF proliferation induced by TGF-f1. In addition,
elF3a silencing significantly suppressed TGF-f1-induced
expression of a-SMA and collagen I, as well as expression of
TGF-p RI and TGF-p RII in KFs. In addition, elF3a silencing
inhibited the phosphorylation levels of Smad2 and Smad3 in
TGF-p1-induced KFs.

Previous studies identified that elF3a has a critical role
in fibrotic disease. Li et al (17) reported that the expression
of elF3a was obviously increased in the lungs of rats with
pulmonary fibrosis, and detected upregulation of a-SMA and
collagens. An additional study demonstrated that the expression
of elF3a was significantly increased in the right ventricle (RV)
of RV remodeling rats (18). In line with these results, the present
study identified that there was upregulation of elF3a mRNA and
protein and in human keloid tissues, which suggested that e[F3a
may be useful as a potential biomarker for keloid formation.

It was previously reported that the proliferation ability of
KFs was higher than that of normal skin fibroblasts (19). In addi-
tion, application of exogenous TGF-p1 induces cell proliferation
in cultured cardiac fibroblasts and pulmonary fibroblasts, and
the effect of TGF-B1-induced proliferation is abolished by
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elF3a siRNA (17,18). Consistent with these previous studies,
the present study observed that TGF-f31 treatment promoted
KF proliferation, whereas, knockdown of elF3a significantly
inhibited KF proliferation induced by TGF-f1.

Previous studies demonstrated that the excessive ECM
deposition derived from fibroblasts in the skin is the major
histopathological characteristic of keloids (20-22). In addition,
TGF-p1 has been demonstrated to greatly increase the expres-
sion of ECM proteins in KFs (21). Similarly, in the present
study, it was identified that TGF-f1 increased the expression
levels of a-SMA and collagen I; however, elF3a silencing
significantly suppressed TGF-31-induced the expression levels
of a-SMA and collagen I in KFs. These results suggested
that siRNA-elF3a exhibits a suppressive effect on a-SMA
and collagen I expression in KFs in the presence of TGF-f1.
Therefore, a-SMA may serve a specific role in keloid forma-
tion.

Multiple lines of evidence support that the TGF-f31/Smad
signaling pathway has an important role in keloid forma-
tion (23-25). Upon phosphorylation by TGF-f receptors, Smad?2
and Smad3, known as receptor R-Smads, form heteromeric
complexes with Co-Smad or Smad4, and the Smad complex
translocates into the nucleus where it regulates the expression
of target genes (26). KFs have been reported to express higher
levels of TGF-p RI and TGF-3 RII than normal dermal fibro-
blasts (10). Previous studies have indicated that Smad2 and
Smad3 are overexpressed and highly phosphorylated in KFs
compared with normal fibroblasts, and inhibition of Smad2 and
Smad3 may decrease the expression of type I and I1I procollagen
in keloids (10,27,28). The current novel data reveal that TGF-f1
treatment markedly increased the expression of TGF-f§ RI
and TGF- RII, and this enhancing effect was inhibited by
siRNA-elF3a in KFs. In addition, an increase of p-Smad2 and
p-Smad3 induced by TGF-f1 was reversed by siRNA-elF3a.
These results suggest that siRNA-elF3a inhibits ECM expres-
sion via the TGF-f1/Smad signaling pathway in KFs.

In conclusion, the current results demonstrate that
siRNA-elF3a inhibits ECM expression in KFs and the effect
may be mediated via the TGF-f1/Smad signaling pathway.
Thus, e[F3a may be a potential target for treatment of keloids.
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