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HSP47 is associated with the prognosis of laryngeal squamous
cell carcinoma by inhibiting cell viability and
invasion and promoting apoptosis
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Abstract. Heat shock protein 47 (HSP47) is a 47 kDa collagen
binding protein that has a close relationship with the develop-
ment and progression of tumours. However, little is known
concerning the expression profile of HSP47 in laryngeal
squamous cell carcinoma (LSCC) patients and there is still
insufficient data concerning the underlying mechanisms.
The aim of the present study was to explore the expression of
HSP47 in LSCC and provide an overview of its association
with tumourigenicity and clinical prognosis. The expression of
HSP47 in LSCC and adjacent non-cancerous laryngeal tissues
was assessed via western blotting and immunohistochemical
studies. The prognostic significance of HSP47 expression was
analysed using a Kaplan-Meier survival curve. To investigate
the influence of HSP47 on the viability, invasion and apoptosis
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of a LSCC cell line, we performed an in vitro analysis with
plasmid vectors and small interfering RNA (siRNA). Our
results showed that HSP47 protein expression in the LSCC
tissues was markedly decreased compared to that noted in
the adjacent non-cancerous tissues, and low expression of
HSP47 was correlated with poor prognosis in LSCC patients.
Upregulation of HSP47 via plasmid vectors inhibited the prolif-
eration, reduced the invasive ability, increased the sensitivity
to cisplatin chemotherapy, promoted apoptosis, and induced
the G1 phase arrest of LSCC cells in vitro. The expression of
apoptosis-regulating proteins was also altered when HSP47
was upregulated, involving increased expression of cleaved
caspase-7/-8/-9, PARP, and Bax and decreased expression of
Bcl-2. Our present data suggest that HSP47 is an important
prognostic factor and an attractive therapeutic target in LSCC
due to its influence on the biological behaviour of LSCC cells.

Introduction

Laryngeal squamous cell carcinoma (LSCC) is the second
most common malignant cancer type of the head and
neck (1,2). Approximately 650,000 cases are newly diagnosed
and more than 350,000 deaths are attributed to this disease
every year in the US (1,3). Due to high exposure to tobacco and
alcohol risk factors, middle-aged and elderly men often suffer
from this disease, and its incidence has been rising in recent
years (4). Therapeutic measures for LSCC include surgery,
chemotherapy or radiotherapy and comprehensive surgery,
radiotherapy and chemotherapy (5-8). The clinical prognosis
of this disease, however, is poor, and LSCC continues to
be one of the major causes of cancer-related deaths (9). An
epidemiological survey (2) indicated that the clinical outcome
of LSCC has not obviously improved over the past 20 years,
despite considerable improvements in technologies related to
LSCC detection and diagnosis. Therefore, it is necessary to
develop valuable biomarkers to identify patients with a poor
prognosis and the risk factors for recurrence, which can serve
as a guide for determining the surgical approach and the
combination treatment scheme.
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Heat shock protein 47 (HSP47), also known as colligin-2,
is a type of endoplasmic reticulum resident collagen protein
and specific molecular chaperone, which is essential for
the synthesis and secretion of procollagens (10). HSP47
is a product of the CBP2 gene, located at chromosome
11q13.5 (11), which is a region frequently involved in the
biological behaviour of malignant tumours, including oral
tongue cancer, nasopharyngeal and esophageal squamous cell
carcinoma, lung diseases, pancreatic ductal adenocarcinoma,
cervical squamous cell and ulcerative colitis-associated carci-
noma (12-17). As a classical serpin, HSP47 has been proven
to exert inhibitory effects on tumour proliferation, invasion
and motility (18,19). However, the profile and role of HSP47
expression in LSCC patients and the potential mechanisms
underlying the generation, development and metastasis of
tumours have not been fully explored.

In the present study, we examined the HSP47 expression
and its prognostic significance in LSCC patients. Moreover,
the effects of HSP47 on cell viability, invasion, chemothera-
peutic sensitivity and apoptosis were evaluated in vitro. We
further explored the potential apoptotic mechanisms of
HSP47, which may be related to the regulation of PARP and
cleaved caspase-7/-8/-9. We conclude that HSP47 may act as an
important prognostic biomarker and an attractive therapeutic
target in LSCC.

Materials and methods

LSCC tissue collection. A total of 62 LSCC patients who
received no radiotherapy or chemotherapy and who under-
went surgery between 2011 and 2015 at the First Affiliated
Hospital of Wenzhou Medical University were examined in
this retrospective research. All samples were from 61 males
and 1 female with ages ranging from 43 to 79 years (mean,
64.5 years). The present study was approved by the Clinical
Medicine Ethics Committee of The First Affiliated Hospital
of Wenzhou Medical University, and consent for enrollment
in the study was provided by the patients. The study protocol
was carried out according to the principles of the Helsinki
Declaration. In total, 50 formalin-fixed, paraffin-embedded
tumour sections were obtained from the pathology department
for immunohistochemical analysis, and 7 samples of histologi-
cally normal laryngeal tissues surrounding the tumours were
treated as control tissues. Another 12 pairs of fresh-frozen
LSCC tissues which were used for western blot analysis,
including cancerous and matched adjacent non-cancerous
tissues from the same patients, were maintained at -80°C.
Patient follow-up was performed via telephone calls until
October 2016. The outcome event was defined according to
the date of death.

Cell culture and reagents. The human LSCC, Hep-2 cell line,
was obtained from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). In brief, cells were
cultivated in a complete medium containing RPMI-1640
medium, 10% fetal bovine serum (FBS) (both from HyClone,
Logan, UT, USA) and 1% antibiotics (100 U/ml peni-
cillin/streptomycin) in a humidified incubator at 37°C with 5%
CO,. Cisplatin was obtained from Qilu Pharmaceutical Co.,
Ltd. (Shandong, China).
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Western blot analysis. Briefly, total protein was extracted and
the concentration was measured with a bicinchoninic acid
(BCA; Beyotime, Jiangsu, China) protein assay kit. For each
sample, ~30-50 pg of protein were run on a 10% polyacryl-
amide gel, and then transferred to polyvinylidene fluoride
(PVDF) membranes. The membranes were immunoblotted
with the primary antibodies, followed by the secondary
HRP-conjugated antibody. Immunoreactive proteins were
visualized using ECL western blot detection kit (Advansta,
Menlo Park, CA, USA) and quantified employing Image
Lab software (Bio-Rad, Hercules, CA, USA). Information
concerning the antibodies was as follows: rabbit anti-GAPDH
polyclonal antibody (ab-p-r001; 1:1,000; Xianzhi, Zhejiang,
China); rabbit anti-HSP47 monoclonal antibody (ab109117;
1:3,000; Abcam, Cambridge, UK); rabbit anti-Bcl-2 mono-
clonal antibody (#4223; 1:1,000); rabbit anti-Bax monoclonal
antibody (#5023; 1:1,000); rabbit anti-PARP monoclonal
antibody (#9532; 1:1,000); rabbit anti-cleaved caspase-7 mono-
clonal antibody (#8438; 1:1,000); rabbit anti-cleaved caspase-8
monoclonal antibody (#9496; 1:1,000); rabbit anti-cleaved
caspase-9 monoclonal antibody (#9505; 1:1,000) (all from Cell
Signaling Technology, Danvers, MA, USA).

Immunohistochemistry. Fifty formalin-fixed, paraffin-
embedded tumour sections and 7 control tissues were stained
with HSP47-specific antibody raised against the amino acid
sequence of human HSP47 (ab109117; 1:300; Abcam). Briefly,
the sections (5-xm) were deparaffinized in dimethylbenzene,
dehydrated in graded alcohols, subjected to peroxidase
blocking and then retrieved with citrate buffer. The sections
were immunoblotted with the anti-HSP47 antibody at a dilu-
tion of 1:300 overnight at 4°C, followed by incubation with
the secondary HRP-conjugated antibody. The sections were
then counterstained with haematoxylin and observed under
a biological imaging microscope (BX53; Olympus, Tokyo,
Japan), which also was used to obtain images. All of the
immunohistochemically stained sections were evaluated via
a double-blind semi-quantitative analysis to avoid artificial
errors. Cytoplasmic staining was regarded as positive. In
total, 10 high-power fields (magnification, x200) within the
stained tumour cytoplasm were selected to analyse the expres-
sion of HSP47. In the present study, to evaluate prognosis,
we divided the extent of staining into 2 groups: a high-score
group (staining extent =50%) and a low-score group (staining
extent <50%). These cut-off values have been used in past
studies (20,21).

Quantitative RT-PCR. According to the protocol of the manu-
facturer, total RNA from the Hep-2 cells was extracted using
Trizol (Invitrogen, Carlsbad, CA, USA). The first-strand
cDNAs were synthesized using a reverse transcription kit
(Takara, Dojindo, Japan). The synthesized cDNA (2 ul) was
amplified (final volume, 20 ul) using a SYBR-Green PCR kit
(Takara) and loaded on the ABI 7500 sequence detection
system (Applied Biosystems, Foster City, CA, USA). DNA
amplification conditions were as follows: 95°C for 30 sec and
subsequent 40 cycles, 95°C for 5 sec, 60°C for 34 sec. The
primer information was as follows: HSP47 (human forward)
5'-CACCGCCTTTGAGTTGGACAC-3' and HSP47 (human
reverse) 5-GGCGCCCAATGAATAGCAG-3'; GAPDH
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(human forward) 5'-ATGAGCCCCAGCCTTCTCCAT-3' and
GAPDH (human reverse) 5-GGTCGGAGTCAACGGAT
TTG-3'. The 224 analysis was used to calculate gene expres-
sion levels.

Gene overexpression and silencing. According to the reagent
protocol, the cells were transiently transfected with plasmid
DNA or small interfering RNA (siRNA) using Lipo-
fectamine 3000 (Invitrogen). In regards to the plasmid
transfection, Lipofectamine 3000 was diluted in Opti-MEM
medium after the cells were seeded at 80-90% confluence.
Meanwhile plasmid DNA and P3000 reagent were diluted in
Opti-MEM medium. Each was incubated for 5 min, respec-
tively, and then mixed together for 20 min. Finally, the
DNA-lipid complex was added to the cells. Gene transfection
of siRNA was the same, except for the addition of P3000
reagent when diluting the siRNA. Quantitative RT-PCR and
western blotting were used to compare transfection efficiency.
(pCDH)-HSP47, (pCDH)-control, siHSP47 and siControl were
all obtained from GenePharma (Shanghai, China). Information
regarding the siRNAs was as follows: siHSP47, 5'-GCAGCA
AGCAGCACUACAATT-3' and siControl, 5-TTCTCCGAA
CGTGTCACGTTT-3"

Cell viability assay. Cell viability was assessed using Cell
Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan). After
transfection for 24 h, the cells were plated into 96-well
plates at a density of 1x10° cells/well, and then subjected
to cell proliferation assay by CCK-8 at 24, 48, 72 and 96 h.
For chemosensitivity analysis, the cells were transfected
with (pCDH)-HSP47 or siHSP47 for 24 h, and then plated
into 96-well plates at a density of 4x10° cells/well. The cells
were subsequently treated with cisplatin (9 yM/1) for 24-96 h,
and subjected to cell proliferation assay by CCK-8 at 24, 48,
72 and 96 h. Each group contained 3 parallel wells. CCK-8
(10 pl) was added to the cell culture medium (90 ul) according
to the manufacturer's instructions. The cells were subsequently
cultured for 2 h in an incubator at 37°C and the absorbance was
measured at 450 nm.

Transwell invasion assay. The cells on the lower surface of the
membrane were quantified to assess the invasive potential. As
follows, Matrigel matrix gel (BD Biosciences, San Jose, CA,
USA) was diluted with serum-free culture medium at 1:8, for
coating of the 24-well transwell chambers (Corning Costar,
USA) which were placed in an incubator at 37°C overnight.
The upper chamber was filled with the transfected cells (1x10°
with 200 pl of serum-free culture medium), and meanwhile the
lower chamber was filled with 600 pl of complete medium that
contained 10% FBS. Following 18 h of cultivation, the cells in
the upper chamber were wiped off with a cotton swab gently,
and the invading cells that adhered to the lower membrane
were fixed in paraformaldehyde for 15 min, followed by crystal
violet staining for 1 h.

Wound-healing assay. The relative distance of Hep-2 cells
moving into a wounded space was used to evaluate cell migra-
tion ability. Briefly, cells (5x10%) were plated into 6-well plates
in serum-free medium for 24 h. When achieving a monolayer,
the confluent monolayers were scratched using a 10 ul pipette
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tip and the floating cells were removed by phosphate-buffered
saline (PBS). Finally, fresh culture medium was added to the
wells. Phase contrast microscopy was performed to measure
the relative distance of the wound.

Apoptosis assay and cell cycle analysis. Cells (4x10%) were
seeded into 6-well plates and transfected with the plasmid.
After 48 h of culture, the cells were trypsinized, washed twice
with PBS, and then either incubated with fluorescein isothio-
cyanate (FITC)-Annexin V/propidium iodide (PI) or only
stained with PI (both from MultiSciences Biotech Co., Ltd.,
Zhejiang, China) in the dark according to the reagent protocol.
A flow cytometer (FCM; Becton-Dickinson, San Jose, CA,
USA) was used to calculated the percentages of apoptotic and
necrotic cells and the DNA content.

Statistical analysis. All analyses were carried out using
SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). Results
are presented as mean values + SD. The distinct expression
of HSP47 protein between tumour tissues and controls was
examined using paired-sample t-tests. The difference in
overall survival (OS) between 2 groups was detected by the
long-rank test. The prognostic value of HSP47 protein expres-
sion in LSCC patients was analysed by Kaplan-Meier survival
curve. Tumour cell viability and invasion assays were assessed
using independent t-tests. P<0.05 was considered to indicate a
statistical significant result.

Results

Low expression of HSP47 protein is associated with a
poor LSCC patient prognosis. To explore the expression of
HSP47 in LSCC, we quantified the protein levels of HSP47
in matched cancerous and adjacent non-cancerous tissues
from 12 LSCC patients by immunoblot analysis. As shown in
Fig. 1A and B, in contrast to the controls, the level of HSP47
was significantly decreased in the tumour tissues (P<0.05).
Furthermore, immunohistochemistry was performed on
50 formalin-fixed, paraffin-embedded LSCC and 7 adjacent
normal laryngeal tissues. Based on the histopathologic grade,
we classified the samples into 4 groups: normal, high differ-
entiation, medium differentiation and low differentiation.
As shown in Fig. 1C, the expression of HSP47 protein in the
normal control tissues was obviously higher than that in the
LSCC tissues with low to high differentiation, and the HSP47
protein was mainly localized in the cytoplasm. Moreover, the
average immunohistochemical scores for HSP47 expression
were observed to decrease as the tumour pathological grade
of LSCC increased (Fig. 1D). Consistent with the results of
the western blotting, LSCC tissues showed lower expression
of HSP47 protein compared with that noted in the adjacent
normal laryngeal tissues (Fig. 1E; 71.0+7.1 vs. 45.7+4.0%,
respectively; P<0.001).

We used a Kaplan-Meier survival curve to analyse the prog-
nostic value of HSP47 protein expression in LSCC patients.
We divided patients according to HSP47 protein expression
levels into a low-score group (32.8+2.4; 95% CI, 27.9-37.7) and
a high-score group (70.0+2.4; 95% CI, 65.0-85.0). As shown in
Fig. IF, the low-score group had a shorter OS time compared
with the high-score group. The median OS time in the low-
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Figure 1. HSP47 exhibits low expression in LSCC tissues and is associated with improved prognosis in LSCC patients. (A and B) Western blot analysis
indicated that HSP47 protein expression was obviously decreased in LSCC tissues compared to that noted in the matched adjacent non-cancerous tissues. C,
adjacent non-cancerous tissues; T, LSCC tissues. (C) Immunohistochemical staining showed that the expression of HSP47 protein in normal control tissues
was obviously higher than that in the LSCC tissues with low to high differentiation. HSP47 protein is expressed in the cytoplasm (C, left panel). I, high dif-
ferentiation; II, medium differentiation; III, low differentiation. (D) The average immunohistochemical scores for HSP47 expression were decreased as the
tumour pathological grade of LSCC was increased. (E) HSP47 protein expression was significantly decreased in LSCC tissues compared to matched adjacent

non-cancerous tissues. (F) Kaplan-Meier survival curve showed that the low-score group had a shorter OS time compared with the high-score group; “P<0.01;
"P<0.001.
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Figure 2. Upregulation of HSP47 inhibits Hep-2 cell proliferation. (A) Quantitative RT-PCR and (B) western blot analysis showed a marked increase in HSP47
expression after Hep-2 cell transfection with (pCDH)-HSP47. C, control; H, HSP47. (C) HSP47 upregulation via plasmid vectors inhibited cell proliferation
in the Hep-2 cells. The cells were transfected with (pCDH)-HSP47 or siHSP47 for 24 h, and then subjected to cell proliferation assay by CCK-8 at 24, 48,
72 and 96 h. (D) Quantitative RT-PCR and (E) western blot analysis showed a significant decrease in HSP47 expression after Hep-2 cell transfection with
siHSP47. siC, siControl; siH, siHSP47. (F) Knockdown of HSP47 enhanced the proliferative ability of Hep-2 cells; "P<0.05; “P<0.01; ““P<0.001.

score group was 38+2.5 months, while in the high-score group  analysis was performed after transfection with either a plasmid

was 46+2.9 months (P=0.001). encoding HSP-47 [(pCDH)-HSP47)] or HSP47-specific siRNA
Taken together, these results indicate that HSP47 may be  (siHSP47) to upregulate or knockdown HSP47 levels in Hep-2
an important prognostic factor for LSCC patients. cells. As shown in Fig. 2A, (pCDH)-HSP47-transfected cells

showed a marked increase in HSP47 mRNA expression as
HSPA47 overexpression inhibits the growth of Hep-2 cells. To  confirmed by real-time RT-PCR, while siHSP47-transfected
analyze the effects of HSP47 on Hep-2 cells, cell proliferation  cells exhibited a significant decrease (Fig. 2D). After
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Figure 3. HSP47 upregulation suppresses Hep-2 cell migration and invasion abilities. (A and B) Wound-healing assay showed that HSP47 upregulation via
plasmid vectors markedly inhibited wound-healing migration in the Hep-2 cells. (C and D) Transwell invasion assay showed that HSP47 overexpression via
plasmid vectors notably suppressed invasion ability of the Hep-2 cells; "P<0.05, ""P<0.001.
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Figure 4. Influence of HSP47 overexpression or silencing on Hep-2 cell chemotherapy sensitivity. (A) HSP47 upregulation via plasmid vectors significantly
increased the cell chemosensitivity to cisplatin. The cells were transfected with (pCDH)-HSP47 or siHSP47 for 24 h, treated with cisplatin for 24-96 h, and then
subjected to cell proliferation assay by CCK-8. (B) HSP47 silencing via siRNA notably decreased the cell chemosensitivity to cisplatin; ““P<0.001.

transfection for 24 or 48 h, HSP47 mRNA expression was
significantly increased, by 10.3 and 4.6 times, respectively,
in the (pCDH)-HSP47-transfected cells compared with the
(pCDH)-control cells. In contrast, siHSP47-transfected cells
respectively exhibited 68 and 69% lower expression than
that noted in the siControl cells. The level of HSP47 protein
expression was also detected by immunoblot analysis, which
revealed an increase in the Hep-2-HSP47 cells (Fig. 2B) and a
decrease in the Hep-2-siHSP47 cells (Fig. 2E).

Furthermore, we assessed the effect of HSP47 expres-
sion on cell viability using CCK-8 assay. Compared with the
control, Hep-2 cells exhibited a marked reduction (Fig. 2C) in
cell viability when HSP47 was upregulated, while there was a
significant increase (Fig. 2F) when HSP47 was silenced. At96 h
after transfection, the cells with upregulation of HSP47 were

19.3% less viable when compared with the (pCDH)-control
cells. Meanwhile, HSP47-knockdown cells were 16.4% more
viable than the siControl cells. The present study indicated that
upregulation of HSP47 inhibited the growth of Hep-2 cells,
whereas HSP47 downregulation stimulated proliferation.

HSP47 overexpression suppresses the migration and inva-
sion abilities of the Hep-2 cells. We also investigated whether
HSP47 upregulation inhibits cell migration and invasive
abilities by wound-healing and transwell invasion assays,
respectively. HSP47 upregulation markedly diminished
wound-healing migration in the Hep-2 cells (Fig. 3A), and the
ability to migrate was decreased by 20% (Fig. 3B; P<0.05).
Moreover, upregulation of HSP47 resulted in notably decreased
migration (by 62.3%) into the lower chamber in triplicate
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Figure 5. HSP47 upregulation promotes Hep-2 cell apoptosis and induces G1 phase arrest. (A) Cell cycle analysis showed that the G1 phase arrest in
(pCDH)-HSP47-transfected cells was markedly increased compared with that in the (pCDH)-control cells. (B) Apoptosis assay showed that the percentage
of early apoptotic cells was obviously increased in the HSP47-upregulated cells compared with the control. Annexin V FITC*/PI', early apoptotic cells.
(C) Western blot analysis showed that PARP, cleaved caspase-7/-8/-9 and Bax were markedly upregulated in (pCDH)-HSP47-transfected cells compared with

levels in the (pCDH)-control cells, while Bcl-2 was notably downregulated.

independent assays (Fig. 3C and D; P<0.001). From these
assays, we demonstrated that HSP47 upregulation suppressed
Hep-2 cell mobility.

HSP47 modulates chemosensitivity to cisplatin in Hep-2
cells. We next evaluated the potential effect on sensitivity
to chemotherapy by HSP47 in LSCC cells. As shown in
Fig. 4A, upregulation of HSP47 significantly increased the cell
chemosensitivity to cisplatin, by 25.9%, at 48 h. In contrast,
knockdown of HSP47 led to more resistance to cisplatin
chemotherapy, with a 16.2% increase compared with the
negative-control group at 48 h (Fig. 4B). These results revealed
that HSP47 overexpression sensitized the Hep-2 cell line to
cisplatin chemotherapy, whereas HSP47 silencing protected
cells against cisplatin.

HSP47 upregulation enhances the apoptosis of Hep-2
cells. To investigate the mechanisms underlying the growth
inhibition and chemosensitivity enhancement noted in the
HSP47-upregulated cells, we assessed cell cycle distribution

and apoptosis by flow cytometric assay at 48 h after transfec-
tion. As shown in Fig. SA, upregulation of HSP47 resulted in
marked Gl phase arrest, with an increase of 11.6%, compared
with the cell cycle distribution of the control cells. This
G1 phase arrest was accompanied by a 12.6% decrease in the
percentage of S phase cells. Meanwhile, the percentage of cells
in the lower right quadrant, which represent early apoptotic
cells, increased by 221% compared with the control (Fig. 5B).
However, no obvious difference in late apoptotic cells or
necrotic cells was noted. These findings indicated that overex-
pression of HSP47 mainly arrested Hep-2 cells in the G1 phase
and promoted early apoptosis.

To further elucidate the molecules downstream of HSP47,
the expression of apoptosis-related biomarkers was detected
via western blotting, including PARP, cleaved caspase-7/-8/-9,
Bcl-2 and Bax. As shown in Fig. 5C, the above-mentioned
biomarkers were markedly upregulated in the (pCDH)-HSP47-
transfected cells compared with these levels noted in the
(pCDH)-control cells, except for Bcl-2 protein, which was
notably downregulated.
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Discussion

Overexpression of heat shock proteins (HSPs) has previously
been demonstrated to be associated with poor prognosis in
cancer patients, such as HSP70 overexpression in colorectal
cancer (22), HSP27 overexpression in osteosarcoma (23) and
breast cancer (24), HSP72 overexpression in renal cancer (25),
and HSP90 overexpression in breast cancer (26). Moreover,
malignant glioma patients with low expression of HSP73 had
significantly longer progression-free survival than those with
high HSP73 expression (27). In contrast, HSP27 overexpres-
sion was associated with a more favourable prognosis in
malignant fibrous histiocytoma (28). These findings indicated
that the prognostic signature of HSPs may be dependent on the
cancer type. Our present study found that the low expression
of HSP47 was significantly correlated with poor prognosis
in LSCC patients by promoting Hep-2 cell proliferation and
enhancing the resistance to cisplatin chemotherapy.

Previous research found that HSP47 was overexpressed
in several human diseases and was highly related to tumouri-
genesis and poor prognosis (15,29,30). However, subsequent
research from multiple groups found that the expression of
HSP47 is not always positively associated with unfavourable
prognosis and progressive stages of disease. In particular,
diabetic foot ulcer patients showed a significant decrease in
HSP47 expression compared with wound patients without
diabetes (31), and HSP47 inhibited the proliferation and
collagen synthesis of keloid fibroblast cells (32). In the present
study, we discovered that HSP47 protein expression in LSCC
was markedly lower compared to that noted in the adjacent
non-cancerous tissues by both immunoblot analysis and
immunohistochemical staining. Moreover, an elevated tumour
pathological grade of LSCC coupled with decreased expres-
sion of HSP47 protein was observed, and lower expression of
HSP47 protein was associated with the poorer prognosis of the
LSCC patients, indicating that HSP47 may act as a prognostic
factor in LSCC. The cause of that outcome may be closely
related to tissue-specific expression. HSP27 has been reported
to be overexpressed and associated with poor prognosis in
many human cancers, including breast, rectal, gastric, lung,
liver and prostate cancers (33-36). Contrary to the findings in
most cancers, in human esophageal squamous cell carcinoma
(HESCC), the expression of HSP27 was low, and this low
expression was correlated with poor prognosis (37,38).

Furthermore, we assessed the biological significance of
HSP47 in LSCC. We found that higher expression of HSP47
consistently resulted in inhibition of Hep-2 cell proliferation
and promotion of sensitivity to cisplatin chemotherapy in vitro.
In addition, upregulation of HSP47 expression also reduced
the invasive ability, notably promoted the apoptosis of Hep-2
cells, and blocked the cells in the G1 phase. These observations
indicated that HSP47 may be a potential therapeutic target in
LSCC and indirectly supported the concept that low HSP47
expression is correlated with short survival and poor prog-
nosis in LSCC. As shown in previous studies, HSP47 plays an
important regulatory role in various types of tumours (39-41)
and has a close relationship with tumour apoptosis (40,42).
However, the mechanism of HSP47-mediated Hep-2 cell apop-
tosis is still unknown. Previous research has indicated that
apoptosis is regulated by changing the expression of a series of
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apoptosis-associated downstream genes, such as Bcl-2 family
(proapoptotic Bax and antiapoptotic Bcl-2) and caspase family
(caspase-7/-8/-9) proteins (43-45). As the above proteins are
involved in tumour apoptosis, we also explored whether the
levels of apoptosis-associated proteins were changed when
HSP47 was upregulated in Hep-2 cells to further elucidate the
molecules downstream of HSP47. The results showed that Bax
was markedly increased in the (pCDH)-HSP47-transfected
cells compared with that in the (pCDH)-control cells, whereas
Bcl-2 was decreased, indicating that HSP47 overexpression
promoted tumour apoptosis. We speculate that upregulation
of HSP47 may suppress the expression of Bcl-2, which plays
a key role in apoptotic signal transduction through inhibi-
tion of intracellular signalling proteins and the expression of
Bax (46-48). In accordance with the results for Bax/Bcl-2,
HSP47 overexpression also resulted in increased expression
of cleaved caspase-7/-8/-9 and PARP. Caspase-8 and caspase-9
both play a role in the extrinsic apoptotic pathway and the
intrinsic mitochondrial apoptotic pathway, respectively, given
that both of them can activate downstream caspase family
proteins, such as caspase-7 (44,49,50). Therefore, it appears
that HSP47 induces apoptosis via both the extrinsic and the
intrinsic mitochondrial apoptosis pathways.

In conclusion, the present study demonstrated that there
is a significant positive correlation between HSP47 and
prognosis in LSCC patients, as the low expression of HSP47
was significantly correlated with poor prognosis. Moreover,
in vitro, it was confirmed that HSP47 protein plays an
important role in the biological behaviour of Hep-2 cells by
inhibiting cell proliferation and invasion, enhancing sensitivity
to cisplatin chemotherapy and promoting apoptosis. In brief,
the present study revealed that HSP47 may be a potential
prognostic biomarker and an attractive therapeutic target in
LSCC. Further studies regarding the role of HSP47 expression
in more LSCC patients may be worthwhile and the precise
mechanism and regulatory pathways remain to be elucidated.
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