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Abstract 

Heat shock protein 27 (Hsp27) is an ATP-independent molecular chaperone and confers survival 
advantages and resistance to cancer cells under stress conditions. The effects and molecular 
mechanisms of Hsp27 in HCC invasion and metastasis are still unclear. In this study, hepatocellular 
carcinoma (HCC) tissue array (n = 167) was used to investigate the expression and prognostic 
relevance of Hsp27 in HCC patients. HCC patients with high expression of Hsp27 exhibited poor 
prognosis. Overexpression of Hsp27 led to the forced invasion of HCC cells, whereas silencing 
Hsp27 attenuated invasion and metastasis of HCC cells in vitro and in vivo. We revealed that Hsp27 
activated Akt signaling, which in turn promoted MMP2 and ITGA7 expression and HCC metas-
tasis. We further observed that targeting Hsp27 using OGX-427 obviously suppressed HCC 
metastasis in two metastatic models. These findings indicate that Hsp27 is a useful predictive factor 
for prognosis of HCC and it facilitates HCC metastasis through Akt signaling. Targeting Hsp27 
with OGX-427 may represent an attractive therapeutic option for suppressing HCC metastasis. 
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Introduction 
Liver cancer is one of the most frequently diag-

nosed malignancies and the third leading cause of 
cancer-related deaths worldwide, with an estimated 
782,500 annual diagnoses and 745,500 annual deaths 
during 2012 [1]. China accounts for about 50% of the 
total new diagnosed cases and related deaths. More 
than 80% of primary liver cancers occurring world-
wide are hepatocellular carcinoma (HCC) [1]. HCC 
tumors are often resistant to chemotherapy, so surgi-
cal interventions including surgical resection and liver 
transplantation are the current standard practices for 
the treatment of HCC [2]. Nonetheless, approximately 
only 30-40% of HCC patients are suitable for curative 

treatment at the time of diagnosis [3, 4]. And the 
overall survival rate following surgical interventions 
remains unsatisfactory due to high rates of recurrence 
and metastasis [5, 6]. Sorafenib treatment was estab-
lished as the standard therapy for patients with ad-
vanced HCC [7]. However, this promising systemic 
therapy has indicated limited survival benefits with 
very low rates of tumor response [8]. Currently, 
mechanisms underlying metastasis and recurrence 
remain poorly understood. It is urgent to further clar-
ify the mechanism underlying metastasis and identify 
potential therapeutic targets for HCC treatment.  

Heat shock proteins (Hsps) are highly conserved 
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molecular chaperones, which are essential compo-
nents of diverse cell types [9-11]. They are often ex-
pressed at low levels under normal conditions, but 
significantly up-regulated in response to cellular 
stresses [10, 11]. Malignant cells are constantly sub-
jected to stress conditions, including the existence of 
ischemic, hypoxic and acidic microenvironment, ex-
posure to cytotoxic agents or radiotherapy, and ge-
nomic instability. Up-regulation of Hsps is a key 
driver of adaptive stress‑response pathways in many 
malignancies, which could help cancer cells adapt to 
different stress conditions [10, 11]. Hsps are often 
classified according to their molecular weights, in-
cluding Hsp27, Hsp40, Hsp60, Hsp70, Hsp90, Hsp110, 
etc. There are also several other proteins with 
Hsp-like properties such as clusterin which are dis-
cussed with these small Hsps [12-14]. Various inhibi-
tors of Hsps have been developed and proposed as 
possible strategies for cancer therapy. It is reasonable 
that targeting Hsps with specific inhibitor alone or in 
combination with other chemotherapy agents may 
hold promise for the improvement of outcomes for 
cancer patients [10, 11].  

Hsp27 is overexpressed in many types of human 
cancers including prostate cancer [15], ovarian cancer 
[16], gastric cancer [17], and breast cancer [18]. Hsp27 
is an important chaperon molecule, which is respon-
sible for modulating more than 200 client proteins, 
including translationally controlled tumor protein 
(TCTP) [19], cytochrome-c [20], caspase-3 [21], and 
14-3-3ζ [22], etc. A recent study reported that a total of 
226 proteins were identified as Hsp27-interacting 
proteins using a yeast two-hybrid approach [23]. 
Hsp27 client proteins are involved in almost all as-
pects of cancer initiation and development, including 
translation initiation, cytoskeleton organization, 
apoptosis inhibition, invasion, cell cycle regulation, 
DNA repair, RNA splicing, and modulation of signal 
transduction [23]. These diverse cellular functions of 
Hsp27 may be due to its different associated partner 
proteins. Emerging studies reveal that Hsp27 is often 
induced by chemotherapies or targeted therapies. It 
confers resistant property of several cancer types. In-
hibition of the expression of Hsp27 with siRNA or 
OGX-427, an antisense oligonucleotide in phase II 
trials, synergistically enhanced the efficacy of EGFR 
tyrosine kinase inhibitor [24], radiation [25], Hsp90 
inhibitor [26], MET inhibitor [27], paclitaxel [28]. and 
gemcitabine [29].  

It has also been described that Hsp27 functions 
as a prometastatic protein in different cancer types 
and is closely related with the aggressiveness of tu-
mor behavior, metastasis and poor prognosis [30, 31]. 
Hsp27 regulates the EMT process and NF-κB activity 
to maintain breast cancer stem cells [32]. Targeting 

Hsp27 interferes with bone metastasis of breast cancer 
in vivo [33]. Hsp27 may facilitate metastatic potential 
of head and neck squamous cell cancer cells [34]. In 
addition, Hsp27 is required for EGF, HGF and IL-6 
induced EMT in prostate cancer [35-37]. Hsp27 sup-
pression by OGX-427 obviously inhibits metastasis in 
prostate cancer [36]. In HCC, a previous study indi-
cated that Hsp27 was involved in PKC beta-mediated 
HCC cell motility and invasion [38]. However, de-
tailed mechanisms of Hsp27 in HCC metastasis are 
still unclear. Furthermore, the potential of Hsp27 as a 
therapeutic target for HCC metastasis will need to be 
further studied.  

In this study, we investigated the clinicopatho-
logic significance of Hsp27 expression and explored 
the underlying molecular mechanism of 
Hsp27-mediated invasion and metastasis in HCC. 
Additionally, the therapeutic effect of Hsp27 inhibitor 
(OGX-427) in suppressing HCC metastasis was also 
addressed. 

Materials and Methods 

Cell culture 
The human HCC cell lines, HepG2 and SK-Hep1, 

were purchased from the American Type Culture 
Collection (ATCC, VA, USA). HCC cell line 
SMMC7721 was purchased from Shanghai Institute of 
Cell Biology, Chinese Academy of Sciences. HCC cell 
lines with stepwise metastatic potential (MHCC97L, 
MHCC97H and HCCLM3) were established by Liver 
Cancer Institute of Fudan University. Huh7 cells were 
purchased from Riken Cell Bank (Tsukuba, Japan). All 
the cell lines were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM) supplemented with 10% 
fetal bovine serum (FBS) and antibiotics (100 U/ml 
penicillin, 100 mg/ml streptomycin), in a 5% CO2 
atmosphere at 37°C. 

Quantitative real-time PCR 
Real-time PCR analyses were performed ac-

cording to the manufacturer’s instructions (TaKaRa 
Biotechnology). The primers used are given in Sup-
plementary Table S1. The expression levels were 
normalized against the internal reference gene 
β-actin, and the relative expression levels were dis-
played using the 2-ΔΔCt method. 

Western blotting  
 Western blot analysis was performed as previ-

ously described [13]. Briefly, Proteins were separated 
by SDS-PAGE and transferred onto PVDF membrane. 
Membranes were incubated with the specific primary 
antibodies and then with HRP-conjugated secondary 
antibodies. Protein bands were visualized using 
chemiluminescence detection. The following anti-



 Theranostics 2016, Vol. 6, Issue 4 

 
http://www.thno.org 

560 

bodies were used: antibodies to Anti-Hsp27 (1:1000, 
Cell Signaling Technology), β-actin (1:25000, Sigma), 
GAPDH (1:5000, Sigma), Akt (1:1000, Cell Signaling 
Technology), p-Akt (1:1000, Cell Signaling Technolo-
gy). 

HCC specimens and immunohistochemical 
staining 

HCC specimens were obtained from 167 patients 
who underwent curative surgery in Eastern Hepato-
biliary Hospital of the Second Military Medical Uni-
versity. Patients were not subjected to any 
pre-operative anti-cancer treatment. Ethical approval 
was obtained from the Eastern Hepatobiliary Hospital 
Research Ethics Committee, and written informed 
consent was obtained from each patient. Overall sur-
vival (OS) was defined as the length of time between 
the surgery and death. The time to recurrence (TTR) 
was defined as the interval between the dates of sur-
gery and recurrence. Patients were censored on the 
date of the last follow-up or death, if recurrence was 
not diagnosed. Immunohistochemical staining for 
Hsp27 was done as previously described [13]. Im-
munohistochemical score was independently assessed 
by 2 pathologists without knowledge of patient char-
acteristics. The percentage of positive cells was di-
vided into 4 grades: 0-25%, 1; 26%-50%, 2; 51%-75%, 3; 
and >75%, 4. The intensity of the staining was divided 
into 4 grades (intensity scores): no staining, 0; light 
brown, 1; brown, 2; and dark brown, 3. The im-
munostaining score was evaluated on the basis of 
percentage score × intensity score. Overall scores of 
0-3, 4-6, 7-9, or 10-12 were defined as negative (-), 
weak (+), moderate (++), or strong (+++) staining, 
respectively. 

Immunofluorescent staining 
HCC cells were grown on glass coverslips. After 

an attachment period of 24 h, cells were fixed with 4% 
paraformaldehyde for 30 min and then permeabilized 
with 0.5% Triton X-100 for 20 min. After blocked with 
10% donkey serum in PBS for 1 h, cells were incu-
bated with the primary antibody rabbit anti-Hsp27 
(1:100 dilution in PBS, Cell Signaling Technology, 
2442) overnight at 4°C. After thorough washing, cells 
were incubated with Alexa Fluor 594 donkey an-
ti-rabbit IgG (1:500 in PBS, Invitrogen) at 37 °C for 1 h. 
Finally, cells were washed and stained with DAPI. 
Images were captured using inverted fluorescent mi-
croscope (Olympus IX71). 

Generation of Hsp27-overexpressed or si-
lenced HCC cell lines 

 The Hsp27 ORF sequence (NM_001540.3) was 
PCR amplified using specific primers and cloned into 

the lentiviral expression vector pWPXL (Addgene). 
The specific shRNA sequences of Hsp27 were cloned 
into the vector PuroGreen (Addgene). Viral packaging 
was performed by cotransfection of pWPXL, 
pWPXL-Hsp27, shHsp27#1 or shHsp27#2 with 
packaging plasmid using Lipofectamine 2000 (Invi-
trogen) in HEK 293T cells. Viruses were harvested at 
48h after transfection, and viral titers were deter-
mined. SK-Hep1, SMMC7721, MHCC97H, and 
HCCLM3 cells were infected with 1 × 106 recombinant 
lentivirus-transducing units in the presence of 6 
μg/ml polybrene (Sigma). 

CCK8 assay 
Cultured cells were seeded into 96-well plates 

(1000 per well). Cell Counting Kit-8 assay (Dojindo 
Laboratories, Kumamoto, Japan) was performed to 
measure cell viability at different time points accord-
ing to manufacturer’s instructions. 

In vitro migration and invasion assays 
 Cell migration and invasion were performed as 

previously described [13].  

In vivo metastasis assays 
 Tail vein injected models (SK-Hep1 and 

MHCC97H) were established to validate the role of 
Hsp27 on HCC metastatic ability in vivo. 2×106 indi-
cated cells were suspended in 200μl serum-free 
DMEM and injected into the tail vein of nude mice. 
After five weeks, all of mice were sacrificed. The lung 
tissues were dissected and fixed with 10% formalin 
for at least 24 h. Lung tissues were analyzed by he-
matoxylin and eosin staining. 

Human phospho-kinase array 
Phospho-kinase assays were utilized to analyze 

alterations of kinase signaling between 
SK-Hep1-vector and SK-Hep1-Hsp27 cells following 
the manufacturer’s instructions (Proteome Profiler; 
R&D Systems, Minneapolis, MN, USA). 

PCR array analysis 
 The Tumor Metastasis RT2 Profiler PCR Arrays, 

consisting of 84 genes known to be involved in me-
tastasis, were used to profile MHCC97H-shHsp27, 
SK-Hep1-Hsp27 cells and their relative control cells as 
previously described [39].  

Gene knockdown using siRNA 
Gene knockdown using siRNA was performed 

as previously described [13]. siRNAs, including con-
trol, MMP2, and ITGA7 were purchased from Biotend 
(Shanghai, China). The siRNA sequences used were 
listed in Supplementary Table S2. 
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OGX-427 treatment 
Hsp27 ASO (OGX-427) and scrambled control 

(OGX-411) oligonucleotide were supplied by Onco-
Genex Technologies. The sequence of OGX-427 cor-
responds to the human Hsp27 translation initiation 
site (5’-GGGACGCGGCGCTCGGTCAT-3’). To assess 
the suppressive effects of Hsp27 inhibitor OGX-427 on 
metastatic ability of HCC cells in vivo, MHCC97H and 
HCCLM3 cells (2×106) were suspended in 200μl se-
rum-free DMEM and injected into the tail vein of 
nude mice. Then mice were randomly assigned to two 
groups: OGX-411 or OGX427 group (20 mg/kg of 
OGX-411 or OGX-427 was injected i.p. once daily for 7 
days followed by three weekly treatments for another 
3 weeks). Five weeks after cell injection, all the mice 
were sacrificed. The lung tissues were dissected and 
fixed with 10% formalin for at least 24 h. Lung tissues 
were analyzed by hematoxylin and eosin staining and 
lung metastasis was determined by examining serial 
sections of every lung tissue block by microscopy. All 
the mice were manipulated and housed according to 
protocols approved by the Shanghai Medical Exper-
imental Animal Care Commission. 

Statistical analysis 
 Statistical analysis was carried out with SPSS 

software (Chicago, IL). Quantitative variables were 
analyzed by Student t tests. Kaplan-Meier analysis 
was used to assess overall survival and tumor recur-
rence. P < 0.05 was considered statistically significant. 

Results 
Clinical significance of Hsp27 overexpression 
in HCC patients 

Through oncomine data-mining analysis, 
up-regulation of Hsp27 was found in 11 of 16 cancer 
types, including breast cancer, liver cancer, gastric 
cancer, kidney cancer, lung cancer, etc (Fig. 1A). As 
shown in Fig. 1B-D, Hsp27 transcripts were signifi-
cantly increased in 60.8% of HCC tissues (31/51) rela-
tive to paired noncancerous tissues in patients (cutoff 
value: ratio of tumor / paired peri-tumor > 1.5). The 
up-regulation of Hsp27 was also validated by western 
blotting. (Fig. 1E). 

In order to determine the clinical significance of 
Hsp27 overexpression in HCC, we evaluated the ex-
pression of Hsp27 in normal liver cell line and a panel 
of HCC cell lines. According to western blotting and 
immunofluorescent staining results, elevated expres-
sion of Hsp27 was observed in HCC cell lines with 
high metastatic potential (Fig. 2A-B). Then, tissue 
microarray analysis of HCC tissues from 167 patients 
underwent liver resection was performed. The im-
munostaining score was evaluated on the basis of 
percentage score × intensity score, which is described 
in Materials and Methods. Levels of Hsp27 protein in 
tumor tissues were classified as high expression (score 
++ and +++) in 81 cases (81/167, 48.5%) and low ex-
pression (score +) or not stained (score -) in 86 cases 
(86/167, 51.5%). Representative images of Hsp27 ex-
pression were shown in Fig. 2C.  

 
Figure 1. Hsp27 is frequently up-regulated in human HCC. (A) Up-regulation of Hsp27 was found in 11 of 16 cancer types. (B-D) Hsp27 expression in 51 pairs of HCC 
and noncancerous tissues were detected by real-time PCR. (E) Representative western blot showing the expression of Hsp27 in tumor and paired noncancerous tissues from 
eight HCC patients. **P < 0.01. 



 Theranostics 2016, Vol. 6, Issue 4 

 
http://www.thno.org 

562 

 
Figure 2. Elevated expression of Hsp27 is associated with poor prognosis in HCC patients. (A-B) Hsp27 expression was measured by western blotting and 
immunofluorescent analysis (scale bars, 10 µm) in one human normal liver cell line (L02) and a panel of HCC cell lines. (C) Typical images showed strong (+++), moderate (++), 
weak (+), or negative (-) staining of Hsp27 in HCC specimens. (D-E) Kaplan-Meier analysis of overall survival time and time to recurrence in 167 HCC cases based on Hsp27 
expression. 

 
Patients with high expression of Hsp27 exhibited 

worse overall survival (median overall survival time, 
30.0 and 51.7 months, respectively; P < 0.001) and 
shorter time to recurrence (median time to recurrence, 
18.0 and 46.7 months, respectively; P < 0.01) than pa-
tients with low expression of Hsp27 (Fig. 2C-E). These 
data indicated that Hsp27 overexpression could be 
served as a potential predicting factor for poor prog-
nosis of HCC patients. 

Functional role of Hsp27 in cell migration and 
invasion 

In order to explore roles of Hsp27 in HCC cell 
lines, Hsp27 was overexpressed in SK-Hep1 and 
SMMC-7721 cells through lentiviral infection. Stable 
overexpression of Hsp27 in these two cell lines was 
confirmed by real-time PCR and western blotting 
(Fig. 3A-B). The effect of Hsp27 on cell proliferation 
was determined by CCK8 assay. Hsp27 overexpres-
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sion had no significant effect on proliferation of HCC 
cells (Fig. 3C). However, ectopic expression of Hsp27 
significantly facilitated the in vitro migration and in-
vasion of HCC cells (Fig. 3D). Then, we established 
tail vein injected models to further verify the role of 
Hsp27 in HCC metastasis. Results from in vivo fluo-
rescence imaging indicated that compared with mice 
injected with the control cells (metastasis incidence: 
1/6, 16.7%), mice that received intravenous injection 
of SK-Hep1-Hsp27 cells showed an obvious increase 

of metastasis incidence (5/6, 83.3%; Fig. 3E-F). In ad-
dition, the micrometastatic lesions were histologically 
examined and microscopically detected. The results 
showed that SK-Hep1-Hsp27 cells caused significant 
increased numbers of lung metastatic nodules than 
control cells (Fig. 3G-I). H&E staining also indicated 
that several mice bearing SK-Hep1-Hsp27 cells were 
suffered with liver metastasis (incidence: 2/6, 33.3%, 
Fig. 3H).  

 
Figure 3. Overexpression of Hsp27 promotes HCC cell migration and invasion. (A-B) The detection of overexpression of Hsp27 in SK-Hep1 and SMMC7721 cells 
by real-time PCR and western blotting. (C) A representative result of the CCK-8 assays for the effects of Hsp27 overexpression on proliferation of SK-Hep1 and SMMC7721 
cells. (D) Transwell assays for the effects of Hsp27 overexpression on migratory and invasive potentials of MHCC97H and HCCLM3 cells (magnification, ×100). (E-F) Results 
of in vivo fluorescence imaging and the incidence of lung metastasis in the indicated groups. (G-H) Representative images for lung and liver metastatic nodules in indicated groups 
(magnification, ×100, ×200). (I) The number of lung metastatic nodules was quantified on serial sections of H&E staining. *P < 0.05, ***P < 0.001. 
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Figure 4. Down-regulation of Hsp27 attenuates HCC cell migration and invasion. (A-B) The detection of shRNA-mediated knockdown of Hsp27 in MHCC97H and 
HCCLM3 cells by real-time PCR and western blotting. (C) A representative result of the CCK-8 assays for the effects of Hsp27 silence on proliferation of MHCC97H and 
HCCLM3 cells. (D) Transwell assays for the effects of Hsp27 silence on migratory and invasive potentials of MHCC97H and HCCLM3 cells (magnification, ×100). (E) Rep-
resentative images for metastatic nodules in indicated groups (magnification, ×100, ×200). (F) Quantification of metastatic nodules in control and Hsp27-silenced groups. **P < 
0.01, ***P < 0.001. 

 
To further vadilate the role of Hsp27 in migra-

tion and invasion, we employed lentivirus-mediated 
shRNA knockdown to elucidate the cellular functions 
of Hsp27. Two independent shRNAs (sh-Hsp27#1 
and sh-Hsp27#2) showed efficient Hsp27 knockdown 
in MHCC97H and HCCLM3 cells compared with 
scrambled shRNA transduced cells (Fig. 4A-B). The 
effects of Hsp27 knockdown on migration and inva-
sion of MHCC97H and HCCLM3 cells were deter-
mined by transwell assays. The results indicated that 
disruption of Hsp27 expression significantly inhibit 
cell migration and invasion without affecting cell 

proliferation (Fig. 4C-D). Furthermore, compared 
with control cells, Hsp27 knockdown resulted in sig-
nificant decrease of metastatic foci in MHCC97H cells 
(Fig. 4E-F). 

Akt signaling is responsible for Hsp27-induced 
cell migration and invasion 

Our studies suggested that Hsp27 functioned as 
an important regulator in the aggressiveness of HCC 
cells. In order to identify signaling pathways which 
functioned as activated downstream of Hsp27, phos-
phokinase arrays were used to determine alterations 
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of kinase signaling between SK-Hep1-Hsp27 and 
control cells. Four proteins (p38α, AMPKα1, Akt, and 
JNK) exhibited increased phosphorylation in 
SK-Hep1-Hsp27 cells (Fig. 5A-B). Then, 
SK-Hep1-Hsp27 cells were preincubated with inhibi-
tors of p38α, AMPKα1, Akt, or JNK (BIRB796, Dor-
somorphin, SP600125, and LY294002) for 24 h. Only 
LY294002 treatment resulted in an obvious suppres-
sion of cell migration and invasion (Fig. 5C and Sup-
plementary Fig. S1). Similar results were obtained 
using Akt knockdown (Supplementary Fig. S2). Ad-
ditionally, we confirmed that stable overexpression of 
Hsp27 led to an increased phosphorylation of Akt in 
SK-Hep1 cells (Fig. 5D). Knockdown of Hsp27 re-
sulted in reduced phosphorylation of Akt in 
MHCC97H cells (Fig. 5D). The effects of Hsp27 over-
expression on levels of p-Akt in xenograft tumor tis-
sues were also examined by immunohistochemical 

analysis. Increased level of Hsp27 accompanied with 
increased phosphorylation of Akt was observed in 
tumors derived from SK-Hep1-Hsp27 group (Fig. 5E). 
These findings indicated that Akt pathway may func-
tion as downstream signaling of Hsp27-induced ag-
gressiveness in HCC cells.  

 Furthermore, we analyzed p-Akt in a tissue mi-
croarray containing 167 HCC specimens by immuno-
histochemical analysis. We divided HCC samples into 
following three groups: high levels of both Hsp27 and 
p-Akt, either high levels of Hsp27 and p-Akt, and low 
levels of both Hsp27 and p-Akt. We found that 33 of 
176 HCC cases (20.6 %) exhibited high levels of both 
Hsp27 and p-Akt. HCC patients with high levels of 
both Hsp27 and p-Akt showed the worst prognoses (P 
< 0.01, Kaplan-Meier analysis, Fig. 5F-H). Conversely, 
HCC patients who expressed low levels of both Hsp27 
and p-Akt had better outcomes (Fig. 5G-H). 

 

 
Figure 5. Ectopic expression of Hsp27 leads to increased phosphorylation of Akt. (A-B) Result from phosphokinase arrays suggested that activities of p38α, 
AMPKα1, Akt, and JNK were increased in SK-Hep1-Hsp27 cells. (C) Migration and matrigel invasion assays were done for SK-Hep1-Hsp27 and MHCC97H cells following 
treatment with 10 µM LY294002 for 24 h (magnification, ×200). (D) Influence of Hsp27 overexpression or knockdown on the activity of Akt was analyzed by western blotting. 
(E) Immunohistochemical staining of Hsp27 and p-Akt was performed on serial sections of tumors from SK-Hep1-Hsp27 group and control group (magnification, ×200). (F) 
Representative images of Hsp27 and p-Akt from three patient samples were shown (magnification, ×100, ×200) (G-H) Prognostic values of Hsp27 combined with p-Akt. **P < 
0.01, ***P < 0.001. 
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Hsp27 promotes migration and invasion of 
HCC cells through ITGA7 and MMP2 

To further investigate downstream molecular 
mechanisms that Hsp27 involved in HCC invasion, 
Tumor Metastasis RT² Profiler PCR Arrays were uti-
lized to compare metastasis-related genes between 
SK-Hep1-Hsp 27 cells, MHCC97H-sh-Hsp27, and 
their relative control cells. This analysis revealed a 
total of 31 up-regulated metastasis-related genes in 
mRNA levels in SK-Hep1-Hsp27 cells and 9 
down-regulated metastasis-related genes in 
MHCC97H-sh-Hsp27 cells, which had a more than 
2-fold change, compared with their control cells re-
spectively (Fig. 6A). Interestingly, among these dif-
ferential genes, 5 candidate genes exhibited corre-
sponding reverse regulation by Hsp27 overexpression 

or knockdown (Fig. 6B). Subsequently, these five 
candidates were validated by qRT-PCR assay (Fig. 
6C). To further characterize these genes which were 
regulated by Akt signaling, we treated SK-Hep1-Hsp 
27 and MHCC97H cells with LY294002. Among these 
five candidates, ITGA7 and MMP2 were regulated by 
Akt signaling (Fig. 6D and Supplementary Fig. S3). 
Furthermore, in order to functionally characterize 
ITGA7 and MMP2, we performed RNA interference 
studies using SK-Hep1-Hsp 27 and MHCC97H cells 
(Fig. 6E). Notably, both of ITGA7 and MMP2 con-
sistently regulated the potential of migration and in-
vasion in these two cell lines (Fig. 6F-G). These results 
suggest that Hsp27 may regulate several clinically 
and biologically significant genes through ITGA7 and 
MMP2 during the progression of HCC. 

 

 
Figure 6. Hsp27 promotes metastatic potential of HCC cells through ITGA7 and MMP2. (A) Tumor Metastasis RT2 Profiler PCR Arrays were utilized to profile 
metastasis-related genes between SK-Hep1-Hsp27, MHCC97H-sh-Hsp27 cells, and their relative control cells. Heatmaps illustrated alteration of metastasis-related genes in the 
indicated cells. (B) Five candidate genes were identified with corresponding reverse deregulation by Hsp27 overexpression or knockdown. (C) The detection of mRNA levels 
of the five candidate genes in SK-Hep1-Hsp27 cells, MHCC97H-sh-Hsp27, and their relative control cells by real-time PCR. (D) The detection of mRNA levels of the candidate 
genes in SK-Hep1-Hsp27 and MHCC97H cells treated with Akt inhibitor LY294002. (E) siRNA-mediated knockdown of ITGA7 and MMP2 in SK-Hep1-Hsp 27 and MHCC97H 
cells was analyzed by real-time PCR. (F) Migration and matrigel invasion assays of SK-Hep1-Hsp27 and MHCC97H cells transfected with indicated siRNAs (magnification, ×100). 
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Hsp27 inhibition using OGX-427 suppresses 
HCC metastasis 

Having implicated the role of Hsp27 in the ag-
gressiveness of HCC, we next determined whether 
Hsp27 could be a therapeutic target for HCC. Western 

blot analysis was performed to evaluate the effect of 
OGX-427 on Hsp27 expression. OGX-427 obviously 
down-regulated Hsp27 expression in MHCC97H and 
HCCLM3 cells (Fig. 7A).  

 
Figure 7. OGX-427 significantly suppresses HCC invasion in vitro and in vivo. (A) MHCC97H and HCCLM3 cells were treated with different concentration of 
OGX-411 or OGX-427 for 48 h. Whole-cell lysates from indicated cells were analyzed by western blot for Hsp27 and β-actin. (B) MHCC97H and HCCLM3 cells were treated 
with 100 nM OGX-411 or OGX-427 for 48 h. Migratory and invasive behaviors were analyzed using transwell and matrigel invasion assays (magnification, ×100). (C-D) Lung 
metastasis from mice treated with OGX-411 or OGX-427 were measured through H&E staining. Representative images for lung metastatic nodules by H&E staining were shown 
(magnification, ×100, ×200). The number of lung metastatic nodules was quantified on serial sections of H&E staining. *P < 0.05, **P < 0.01. 
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Concomitant reductions of migratory and inva-
sive potentials of MHCC97H and HCCLM3 cells were 
also observed after treatment with OGX-427 (100 nM, 
Fig. 7B). Furthermore, In order to further determine 
the role of OGX-427 on HCC metastatic potential in 
vivo, we established tail vein injected metastatic mod-
els using MHCC97H and HCCLM3 cells. For 
MHCC97H cells, compared with OGX-411 group 
(averaging 6.5 metastases per slice), mice that re-
ceived OGX-427 showed a 63.5% reduction in the 
number of metastatic nodules in the lung, with an 
average of 2.38 metastases per slice (Fig. 7C). For 
HCCLM3 cells, OGX-427 significantly reduced num-
ber of metastatic nodules with 2.86-fold decrease 
compared with control group. Collectively, these pre-
clinical evidence suggest the potentiality of Hsp27 as a 
therapeutic target for HCC metastasis (Fig. 7D). 

Discussion 
HCC is a widespread malignancy which de-

serves intensive investigation. We used clinical data-
base and experimental model to determine Hsp27 as 
an important regulator for aggressiveness of HCC 
cells. Mechanistically, Hsp27 promoted the activation 
of Akt signaling, which subsequently enhanced the 
expression of ITGA7 and MMP2, and then facilitated 
invasion and metastasis of HCC cells. These data 
conclusively indicate that clinically translatable 
Hsp27 inhibitor OGX427 is a potential therapeutic 
strategy for HCC metastasis.  

High expression of Hsp27 has been reported in 
several tumors, including breast cancer [18], prostate 
cancer [15], ovarian cancer [16], and gastric cancer 
[17], and has been identified as a poor prognostic 
marker in several tumor types [16, 18]. In this study, 
we evaluated the expression and prognostic relevance 
of Hsp27 in tissues from HCC patients. In agreement 
with the results from several other tumor types, the 
HCC tumor tissue displayed obvious up-regulated 
expression of Hsp27 compared with noncancerous 
tissues. A key finding of our study was that Hsp27 
expression significantly correlated with worse overall 
survival and shorter time to recurrence in HCC pa-
tients. Overexpression of Hsp27 obviously increased 
the invasive potential of HCC cell lines in vitro and 
contributed to distant lung metastasis in vivo. In con-
trast, shRNA-mediated knockdown of Hsp27 potently 
inhibited the migration and invasion of HCC cells. 
These results highlight the potential for exploitation 
of Hsp27 as a therapeutic target to prevent metastasis 
and recurrence for HCC patients. 

To investigate the underlying mechanisms by 
which Hsp27 stimulates cell invasion and tumor me-
tastasis, phosphokinase arrays were utilized to iden-
tify downstream kinase signaling regulated by Hsp27 

in HCC cells. Phospho-antibody microarray is a 
powerful technology to comprehensively provide 
novel insight of signaling networks in cancer metas-
tasis. We identified multiple phosphorylated proteins 
were regulated by Hsp27, including p38α, AMPKα1, 
JNK, and Akt. p38α MAPK is generally recognized as 
an upstream molecular of Hsp27. In our study, the 
activity of p38 MAPK was regulated by Hsp27, which 
suggested that a positive feedback loop might exist in 
HCC cell lines [40, 41]. It has also been described that 
AMPK and JNK signalings are involved in cell mi-
gration and invasion [42-45]. Among these four dif-
ferential signaling pathways in our study, only Akt 
signaling was closely associate with HCC migration 
and invasion. Furthermore, combination of Hsp27 
and p-Akt was a powerful prognostic marker for pa-
tients with HCC. Akt signaling is one of the most 
frequently studied pathways in HCC development 
and metastasis [46-49]. The underlying mechanisms 
how Hsp27 contributes to the activation of Akt sig-
naling need to be further identified. 

To further demonstrate the downstream molec-
ular mechanism of Hsp27 in invasion and metastasis 
of HCC, we profiled differentially expressed metasta-
sis-related genes between SK-Hep1-Hsp 27, 
MHCC97H-sh-Hsp27 cells, and their relative control 
cells using Tumor Metastasis PCR array. Five candi-
date genes were identified with reversed alteration 
after Hsp27 overexpression or knockdown. Among 
these five candidate genes, ITGA7 and MMP2 were 
regulated by Akt signaling. A previous study report-
ed that activation of Akt resulted in up-regulation of 
the Sp1 transcription factor, which led to obvious in-
crease of MMP2 promoter activity in HCC cells [50]. 
In gastric cancer, MMP2 was regulated by 
Akt/GSK3β/β-catenin as well as hypoxia-inducible 
factor 1α signaling pathways [51]. The mechanism 
how Akt signaling regulates ITGA7 is still unclear 
now. In our study, we found that depletion of ITGA7 
or MMP2 in HCC cells significantly inhibited 
Hsp27-mediated invasion. These data suggest that 
ITGA7 and MMP2 are involved in Hsp27-induced 
invasion in HCC cells and are potential functional 
downstream targets of Hsp27. 

Hsp27 is an ATP-independent chaperon, so it is 
not suitable for small-molecule inhibition. However, 
antisense oligonucleotides or siRNA can be used to 
suppress the expression of Hsp27, which subse-
quently generates the effects of chemosensitization, 
pro-apoptosis and anti-metastasis [10, 11]. OGX-427 is 
a second-generation antisense oligonucleotide that 
specifically disrupts Hsp27 expression [11]. Phase II 
clinical trials using OGX-427 in diverse cancers in-
cluding prostate, ovarian, breast, bladder, and lung 
have been initiated [29]. OGX-427 has been implicated 
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to sensitize cancer cell to multiple targeted drugs 
(EGFR inhibitors, Hsp90 inhibitor and MET inhibitor), 
radiation, and some other chemotherapeutics [16, 

24-29]. In addition, Hsp27 inhibition by OGX-427 re-
duced tumor metastasis in a murine model of prostate 
cancer [36]. Hsp27 knockdown also promoted Snail 
proteasomal degradation, thus inhibiting 
TGF-β1-induced EMT [52]. In a phase I clinical trial, 
OGX-427 treatment decreased circulating tumor cells 
number in prostate cancer patients.[36] In our study, 
we demonstrate that OGX-427 could effectively in-
hibit cell invasion in vitro and inhibit distant lung 
metastasis in vivo. It is the first time we present the 
evidence that Hsp27 may service as a therapeutic 
target for HCC metastasis. As we described above, 
Hsp27 overexpression can be served as a potential 
predicting factor for poor prognosis of HCC patients. 
And we suppose that these patients will be more 
suitable for Hsp27 targeted therapy. Pathological 
classification based on Hsp27 expression may be re-
quired to predict which HCC patients will be bene-
fited from OGX-427 treatment. 

In summary, our study indicates that Hsp27 
contributes to HCC progression by activation of Akt 
signaling and enhances expression of ITGA7 and 
MMP2. Hsp27 expression alone or in combination 
with p-Akt serves as a novel prognostic indicator for 
HCC patients. Targeting Hsp27 with OGX-427 may 
hold attractive therapeutic promise for the improve-
ment of outcomes for HCC patients, especially for the 
HCC patients who have increased expression of 
Hsp27. 
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