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ABSTRACT
Primary hepatocellular carcinoma (PHC) is a major health problem worldwide and is one of the 10 most
commonly diagnosed cancers in China. Heat shock protein 27 (HSP27) were found to be overexpressed in
a wide range of malignancies including PHC, however, post-translational modification of HSP27 still needs
exploration in PHC. Recently, SUMOylation, an important post-translational modification associating with
the development of many kinds of cancers has been intensively studied. In the current study, mRNA and
protein level of HSP27 in archived tumor samples representing various pathological characteristics of PHC
were examined, and modification of HSP27 by SUMO2/3 was investigated. HSP27 were expressed
abundantly in patients’ tumor tissues, and found to be associated with pathological progression. Besides,
HSP27 was also elevated significantly in liver cancer cell lines Huh7 and HepG2 compared with human
hepatocyte cells L02. Furthermore, knockdown of HSP27 was found to be associated with the decreased
proliferation and invasion ability in Huh7 and HepG2 cells. Immunofluorescence assay showed that HSP27
and SUMO2/3 were co-localized in the subcellular, and co-immunoprecipitation verified the interaction
between HSP27 and SUMO2/3. Overexpression of SUMO2/3 upregulated the HSP27 protein level and
promotes Huh7 and HepG2 cell proliferation and invasion, and vice versa when the SUMO2/3 was
knockdown. Taken together, increased protein level of HSP27 through SUMO2/3-mediated SUMOylation
plays crucial roles in the progression of PHC, and this finding may shed light on developing potential
therapeutic targets for PHC.
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Introduction

Primary hepatocellular carcinoma (PHC) is a common malig-
nant tumor in clinical with the characteristic of high degree of
malignancy, aggressive, poor prognosis and high mortality. The
mortality of PHC was the second among all the malignant
tumors in the world.1 The metastasis and recurrence of PHC is
one of the difficult and hot spots in the present study. Heat
shock proteins (HSP) have been found to be overexpressed in a
variety of tumor cells, which play an important role in the
development of tumor, tumor immunity, anti-tumor therapy
and prognosis prediction.2 HSPs are ubiquitous and evolution-
arily conserved proteins among species.3 Mammalian HSPs are
classified according to their molecular mass into 5 families;
Large HSPs, HSP90, HSP70, HSP60 and small HSPs including;
HSP27.4 HSP27 is an important member of the HSP family,
with the important biologic functions in protecting the cells
from various stress factors of injury, in addition it also can be
involved in cell proliferation, differentiation and signal trans-
duction regulation.5 But the mechanism of HSP27 on the path-
ogenesis of PHC and its invasion and metastasis is not clear at
present.

Small ubiquitin-related modifier (SUMO) proteins are a
family of small proteins which resemble the 3 dimensional

structure of ubiquitin.6 There are 4 SUMO paralogs in human
genome, and they can be found in liver tissues except
SUMO4.7 Human SUMO2 and SUMO3 share »97% sequence
and presently cannot be distinguished by antibodies, collec-
tively named as SUMO2/3.8 SUMO proteins participate in an
important post-translational modification called SUMOyla-
tion, which promotes SUMO proteins binding to target pro-
teins.9 A number of studies have shown that SUMOylation
plays an important role in human pathogenesis, especially
inflammation related cancer, such as hepatocellular carcinoma
(HCC).10

In this study, we detect the HSP27 mRNA expression levels
in peripheral blood of different stages PHC patients with the
real-time quantitative PCR and the protein expression levels in
tumor tissues by immunohistochemistry. We further revealed
the inner link between HSP27 and the PHC occurrence, inva-
sion metastasis to obtain potential PHC diagnosis markers and
therapeutic targets. Furthermore, we confirmed whether there
is an interaction between HSP27 and SUMO2/3 via immuno-
fluorescence and co-immunoprecipitation assays, and the
detailed molecular mechanism and biologic function of how
SUMO2/3 modified HSP27 was explored.
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Result

HSP27 was upregulated in PHC patient’s samples
and cell lines

To test whether Hsp27 plays an important role in occurrence
and development of PHC, we detected the Hsp27 protein level
as well as mRNA expressions in tumor tissues from PHC
patients, BLL patients and healthy control group (excluded all
liver diseases when undergo physical examination) by immu-
nohistochemistry or real-time RT-PCR assay, respectively. The
protein level of HSP27 was verified by immunohistochemistry
assay in all tissues from subjects of different groups, and the
result showed that HSP27 protein was significantly upregulated
in the PHC group and the BLL group than those in the healthy
control group (Fig. 1A). In addition, the HSP27 mRNA levels
were slightly higher in the PHC group than those in the Con-
trol or the BLL group (p < 0.05), while there was no significant
difference in the expression of HSP27 mRNA between the BLL
group and the control group (>0.05). (Fig. 1B). Furthermore,
we examined HSP27 expressions of PHC patients in different
clinical stages with real-time RT-PCR, PHC patients were
divided into 4 phases (phase I, II, III, IV) according to the
TNM Classification of Malignant Tumors (TNM) of Interna-
tional Union against cancer. The results showed that the differ-
ential expression of HSP27 mRNA was involved in the
occurrence and progress of PHC, and the plasma HSP27 level
in recurrent patients were significantly lower than non-recur-
rent ones (p < 0.05)(Table 1). To further determine the func-

tion of HSP27 in PHC development, we chose the human
hepatoma cells Huh7 and the human hepatoblastoma cells
HepG2 for further study, and used the human hepatocyte cells
L02 as a normal hepatocyte control. Firstly, we detected the
mRNA level of HSP27 in 3 cell lines, we did not observe the sig-
nificant difference among these groups (p > 0.05, when either
the Huh7 or HepG2 cells compared with the L02 cells)
(Fig. 1C). In addition, western blot assay was used to determine
the protein level of HSP27 in 2 carcinoma cells and the normal
hepatocyte, and the result showed that the protein level of
HSP27 was significantly upregulated in Huh7 and HepG2 cells
than that in L02 cells, which indicated that some post-tran-
scriptional modification affecting protein stability may have
occurred in hepatocellular carcinoma (Fig. 1D).

HSP27 level associates proliferation and invasion
of the HCC cells

To determine the biologic functions of HSP27 in PHC carcino-
genesis, we performed gene manipulation of HSP27 in Huh7
and HepG2 cells. After transfection of small interfering RNA
(siRNA) specifically targeting HSP27 gene for 48 hours, protein
level of HSP27 was analyzed using western blotting in both the
Huh7 and HepG2 cells. Compared with the non-targeting
scramble control group (Scr), the protein level of HSP27 in the
siRNA group was significantly reduced in both the Huh7 and
the HepG2 cells (Fig. 2A). Further, the Huh7 and HepG2 cells
with HSP27 knockdown were selected for cancer proliferation

Figure 1. HSP27 was upregulated in PHC patient’s samples and cell lines. (A) The expression of Hsp27 protein in healthy control group (Control) group, BLL group and
PHC group via immunohistochemistry assay. Magnification, 200 £. (B) The mRNA level of Hsp27 in healthy control group (Control), benign liver lesions patients group
(BLL) and primary hepatocellular carcinoma patients group (PHC) via real time RT-PCR assay. Fold change of HSP27 mRNA in BLL and PHC group was compared with Con-
trol group. (C) The mRNA level of Hsp27 in L02 cells, Huh7 cells and HepG2 cells via real time RT-PCR assay. Fold change of HSP27 mRNA in Huh7 and HepG2 cells was
compared with L02 cells. (D) The expression of HSP27 protein in L02 cells, Huh7 cells and HepG2 cells via western blot assay. The ratios of HSP27 to GAPDH for 3 indepen-
dent experiments are shown as indicated below the blots.
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and invasion ability assays. Our results showed that compared
with the scramble control (Scr) group, cell proliferation in the
presence of the siRNA began to decrease at 24 h, and presented

significant difference after 48 hours to 96 hours (p < 0.05),
indicating that the HSP27 expression was correlated with the
proliferation of the HSP tumor cells (Fig. 2B). Moreover, trans-
well chambers coated with Matrigel were used to study the
invasion ability of the Huh7 and HepG2 cells with HSP27
knockdown. Compared with the scramble control (Scr) group,
the number of invading cells that crossed the membranes
diminished after 48 h in both the HSP27 cells and HepG2 cells
(Fig. 2C), and quantitative analysis of the invasion cell numbers
have shown significant differences between the scramble and si-
HSP27 groups, both in Huh7 and in HepG2 cells (Fig. 2D),
indicating that HSP27 was correlated with the invasiveness of
the hepatocellular carcinoma cells. Thus, the inhibition of
HSP27 may reduce the proliferation and invasiveness of HPS
cells.

HSP27 was post-transcriptionally modified
by protein degradation

As shown above, we found that HSP27 mRNA expression was
only slightly upregulated in Huh7 and HepG2 cells compared
with L02 cells, whereas the protein level of Huh7 and HepG2
cells showed significantly upregulated. As we all known, the
post-transcriptional modification includes the microRNA regu-
lation, histone modification and protein degradation. To illus-
trate the detailed molecular mechanism concerning how
HSP27 expression was different between mRNA level and

Table 1. Relationship between plasma HSP27 level and clinicopathological fea-
tures in patients with HCC.

Clinicopathological
parameters Cases (%)

plasma HSP27 level
(Median) P-value

Gender
male 52 32.33 0.3212
female 48 30.61

Age(years)
� 60 43 31.23 0.5622
>60 57 30.69

Diameter(cm)
� 5.0 61 15.65 0.0015
>5.0 39 44.32

Viral infection (HBV or HCV)
Positive 68 34.23 0.2314
Negative 32 29.01

Pathological differentiation
Well 25 16.66 0.0023
Moderate or poor 75 42.45

Liver cirrhosis
Yes 56 34.54 0.2115
No 44 28.23

pStage (TNM: AJCC/UICCg)
I 35 14.45 0.0011
II-IV 65 45.21

Recurrence
Yes 30 20.23 0.0055
No 70 39.88

Figure 2. HSP27 siRNA reduces the proliferation and invasion of the HCC cells. (A) The expression of HSP27 protein in Huh7 cells and HepG2 cells transfected with Scram-
ble siRNA (Scr) or siRNA targeting Hsp27 (siRNA) for 48 hours via western blot assay, respectively. GAPDH was used as the loading control for each group. The ratios of
HSP27 to GAPDH for 3 independent experiments are shown as indicated below the blots. (B) The relative cell growth rate (normalized with the cell numbers at day 0) in
Huh7 cells (left panel) and HepG2 cells (right panel) transfected with Scr or siRNA for 0, 24, 48, 72 and 96 hours after transfection by adding 10 ml of CCK8 reagent. �, p <

0.05 and ��, p < 0.01 in siRNA group compared with Scr group. (C) The invasion capability in Huh7 cells and HepG2 cells transfected with Scr or siRNA via transwell assay
after 48 hours. (D) Quantitative analysis of the invasion cell numbers per well of a 24-well plate in the Huh7 and HepG2 cells transfected with scramble control or si-
HSP27. Data presents Mean§SD for 12 independent visions per group in the Huh7 and HepG2 cells, respectively. �, p < 0.05, ��, p < 0.01, the scramble groups vs. si-
HSP27 group.
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protein level, we determined from the 4 aspect. Firstly, we
found that there was no conserved binding site of microRNAs
on the mRNA of HSP27 (http://feb2014.archive.ensembl.org/
index.html, Transcript: ENST00000248553) 30UTR (Untrans-
lated Regions) based on the Targetscan website (http://www.tar
getscan.org/vert_71/). And we detected some poorly conserved
microRNAs, the miR-214 and miR-539, targeting HSP27
(S Fig. 1A), and found these microRNA levels had no signifi-
cant difference among L02 and Huh7 or HepG2 cells
(S Fig. 1B). In addition, the histone modification of H3K4 tri-
methylation (H3K4me3) H3K27me3 on the HSP27 gene pro-
moter was detected using chromatin immunoprecipitation
(ChIP) assay, however, we did not observe any significant dif-
ference (S Fig. 1C).

To explore the mechanism by which post-translational
modification participated in regulating the cytoplasmic
HSP27 level, the cells were treated with a reversible pro-
teasome inhibitor MG132 (20 mM) in 3 cell lines for up to
6 hours, we found that HSP27 protein level was signifi-
cantly upregulated in L02 cells as well as the Huh7 and
HepG2 cells, which indicated that post-translational modi-
fication indeed existed in HSP27 expression (Fig. 3A). To
confirm whether SUMO modification exerts its function in
regulating HSP27 expression, we detected the expression
of SUMO1, SUMO2/3 protein in 3 cell lines. We found
that there was no significant difference for SUMO1 expres-
sion in L02 cells and the Huh7 and HepG2 cancer cells
(data not shown), however, L02 cells showed lower

SUMO2/3 expression compared with Huh7 and HepG2
cells (Fig. 3B). The protein expression of SUMO2/3 and
HSP27 were positively correlated in patients’ tissue sam-
ples, which indicated that HSP27 might be involved in
SUMO2/3 related modification (Fig. 3C). To indicate
whether SUMO2/3 participated in the regulation of HSP27
degradation, immunofluorescence assay was used to detect
the subcellular localization of HSP27 and SUMO2/3, the
result showed that both SUMO 2/3 and HSP27 located
and merged in the cytoplasm (Fig. 3D). These observations
suggest a relationship between HSP27 and SUMO 2/3.

SUMO 2/3 protected HSP27 from degradation

It was reported that SUMOylation of the majority of substrate
proteins occur through the covalently attachment of SUMO
to a lysine (K) in a consensus sequence KxD/E, although
SUMO conjugation may also occur in non-consensus sites.11

Then the amino acid sequence was analyzed, and we found
that there was a putative SUMO2/3 binding sequence GKHE
in HSP27 protein (Fig. 4A). To determine whether SUMO 2/3
contributed in HSP27 degradation, immunoprecipitation
assay was used in both Huh7 and HepG2 cells, in which we
used the anti-HSP27 antibodies to precipitate the HSP protein
and then used the anti-SUMO2/3 antibody detect the possible
SUMOylation, and the result showed that there was amount
of HSP27 binds to SUMO 2/3 in Huh7 (Fig. 4B) and HepG2
cells (Fig. 4C).

Figure 3. HSP27 was post-transcriptionally modified by protein degradation. (A) The expression of HSP27 protein in L02 cells, Huh7 cells and HepG2 cells treated with
MG132 (20 mM) at 0, 2, 4, 6 hours via western blot assay. The ratios of HSP27 to GAPDH for 3 independent experiments are shown as indicated below the blots. (B) The
expression of SUMO2/3 protein in L02 cells, Huh7 cells and HepG2 cells via western blot assay. The ratios of SUMO2/3 to GAPDH for 3 independent experiments are
shown as indicated below the blots. (C) The correlation analysis of the protein expression between HSP27 and SUMO2/3. (D) Immunofluorescence of nucleus (DAPI, blue),
SUMO2/3 (green) and HSP27 (red) in Huh7 cells and HepG2 cells.
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Manipulation of SUMO2/3 affected the hepatocellular
carcinoma cells proliferation and invasion

Since our data suggested a positive evidence for HSP27
SUMOylation modification, we hypothesize that manipulation
of SUMO2/3 level would affect hepatocellular carcinoma cells
proliferation and invasion as well as affecting the HSP27 pro-

tein level. To examine this possibility, we manipulated the
SUMO2/3 level by overexpression and knockdown experiments
in HepG2 cells by transfected with SUMO2/3 expressing vector
(SUMO2/3 EO) or the empty vector control (Empty) for
48 hours, and we found that although overexpression of
SUMO2/3 did not affect the mRNA level of HSP27 (Fig. 5A),
the HSP27 protein level was significantly upregulated in the

Figure 4. SUMO 2/3 directly binds HSP27 protein. (A) Shown is the amino acid sequence of HSP27 protein and the binding site of SUMO2/3 (bold and underlined fonts).
Immunoprecipitation assay showed the interaction of SUMO2/3 with HSP27 in (B) Huh7 cells and (C) HepG2 cells. 20 mg of the whole cell lysate was served as the input
control, and 2 mg of IgG control or a-HSP27 monoclonal antibody was used to precipitate the target protein HSP27, and after blotting, the SUMO2/3 antibody was incu-
bated to detect the binding on HSP27 protein at dilution of 1:500. The ratios of SUMO2/3 in the IgG or a-HSP27 group to that in the input group for 3 independent
experiments are shown as indicated below the blots.

Figure 5. SUMO2/3 promotes PHC cell proliferation and invasion. (A) The mRNA level of HSP27 in Huh7 cells transfected with empty vector (Empty) or SUMO2/3 express-
ing plasmid for 48 hours was detected using real time PCR. (B) Shown are western blot assays to determine the expression of HSP27 protein in Huh7 cells transfected
with empty vector control or SUMO2/3 overexpression plasmids for 48 hours. The ratios of HSP27 to GAPDH for 3 independent experiments are shown as indicated below
the blots. (C) The relative cell growth rate in Huh7 cells transfected with SUMO2/3 overexpression plasmid or Empty vector via cck-8 assay. Cell growth has been normal-
ized to the day 0 and shown as fold change. (D) The invasion cell numbers per well of a 24-well plate of Huh7 cells transfected with SUMO2/3 overexpression plasmid or
Empty vector for 48 hours via transwell assay. (E) Shown are western blot assays to determine the expression of HSP27 protein in Huh7 cells transfected with scramble
control or siRNA specially targeting SUMO2/3 for 48 hours. The ratios of HSP27 to GAPDH for 3 independent experiments are shown as indicated below the blots. (F) The
relative cell growth rate in Huh7 cells transfected with scramble control or siRNA specially targeting SUMO2/3 via cck-8 assay. Cell growth has been normalized to the
day 0 and shown as fold change. (G) The invasion cell numbers per well of a 24-well plate of Huh7 cells transfected with scramble control or siRNA specially targeting
SUMO2/3 for 48 hours via transwell assay. �, p < 0.05 and ��, p < 0.01; vector control vs. OE or KD vectors.
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cells overexpressing SUMO2/3, whereas did not occur in the
cells transfecting empty vector (Fig. 5B). These above data indi-
cated that SUMO2/3 contributed in protecting HSP27 from
degradation. Functionally, we found that overexpression of
SUMO2/3 could increase the cell growth rate in Huh7 cells
compared with the empty vector control (p < 0.05 after
96 hours after transfection) (Fig. 5C). The invasion capability
was detected via transwell assay, and the result showed that
overexpressing SUMO2/3 could significantly increase the inva-
sion capability of Huh7 cells (Fig. 5D). On the contrary, when
we knockdown the SUMO2/3 using siRNA, the HSP27 protein
level was downregulated obviously (Fig. 5E), and the Huh7 cell
proliferation and invasion abilities were all significantly
decreased compared with the scramble control (Fig. 5F, 5G).
We also tested the whether HSP27 knockdown affected the
growth of L02 cells in vitro. Although the mRNA level of
HSP27 in the L02 cells was similar with that in the Huh7 and
HepG2 cells, protein level of HSP27 was very low in the L02
cells (as shown above in Fig. 1D), therefore knockdown efficacy
of HSP27 in the L02 cells was limited and we did not find obvi-
ous change in cell growth (data not shown). Hence, we believe
the function of HSP27 is more specific for cancer cells than for
the normal cells. These data strongly supported our hypothesis
that SUMO2/3 modifies HSP27 protein level to affect hepato-
cellular carcinoma cells proliferation and invasion.

Discussion

Different functions of HSPs have been described to explain
their cytoprotective functions, including their most basic role
as molecular chaperones, that is to regulate protein folding,
transport, translocation and assembly, especially helping in the
refolding of misfolded proteins, as well as their anti-apoptotic
properties.12 Firstly, HSP27 was identified as a protein chaper-
one that assisted proper refolding of disordered proteins in
response to heat shock.13 Recent evidences suggested that
HSP27 was a multifunction protein, of which the deregulation
had been implicated in neuro-degenerative diseases, cardiovas-
cular diseases and cancers.14,15 Notably, HSP27 was expressed
at basal level in normal liver cells, whereas hepatocellular carci-
noma cells expressed very high levels of HSP27.16 High levels
of HSP27 have been observed in many cancer types, and the
tumorigenic potential of HSP27 has been observed in experi-
mental models.17 Many clinical trials have also shown its asso-
ciation with promoting drug resistance, aggressive cancers,
metastasis, and poor patient outcomes.18,19 In the present
study, we found that the mRNA and protein level of HSP27 in
patients with PHC was positively correlated with the clinical
phases, which indicated that HSP27 might be involved in the
progression of PHC. Though the function of HSP27 was illus-
trated in the present study, the detailed molecular mechanism
was still not clear.

SUMOylation, an important post-translational modification,
associates with the development of liver cancer. Since SUMOy-
lation-deSUMOylation cycles can be highly dynamic and as
protein SUMOylation is being attributed as an important event
in controlling many aspects of cell physiology, including cell
cycle regulation, transcription, nucleo-cytoplasmic transport,
DNA replication and repair, chromosome dynamics, apoptosis

and ribosome biogenesis.20,21 In the present study, the amino
acid sequence has been analyzed first, and we found the binding
site of SUMO2/3 on HSP27 protein at a consensus sequence
KxD/E. Immunofluorescence assay showed that HSP27 and
SUMO2/3 located in the cytoplasm, and both protein merge
perfectly. Furthermore, co-immunoprecipitation assays showed
that HSP27 and SUMO2/3 indeed existed in the same protein
complex. Biologically, when SUMO2/3 was overexpressed in
liver cancer cells, in which HSP27 showed low protein level
though the HSP27 mRNA level is much higher, Huh7 cells
showed more proliferation rate and migration capability.

It was known that SUMOylation and ubiquitination exhibit
similar biologic processes of post-translational modification,
Therefore, SUMO proteins compete with ubiquitin for the
same lysine and inhibit proteasome- mediated degradation of
target proteins. Liu et al. showed that SUMO proteins may
mediate p65 SUMOylation and then recruit an inhibitor of p65
in nucleus, in which SUMO2/3 played a tumor suppressor
function. The data showed some contradiction with our obser-
vation. They showed that SUMO2/3 level was downregulated
in the tumor tissues as compared with the adjacent non-tumor
tissues. In their study, double-labeled immunofluorescent stain-
ing was performed using the antibodies against SUMO2/3 in
the liver tissues, HepG2 cells and Huh7 cells. However,
SUMO2/3 presented high expression in both liver tissues and
liver cancer cell lines. The data indicated that SUMO2/3 might
maintain relative high expression level in both normal liver
cells and cancer cells. In our data, we found SUMO2/3 was
slightly higher in liver cancer cells. On the other hand, as an
extensive modification regulator, SUMO2/3 might interact
with dozens of target proteins, so we hypothesis that P65 was
not the only target genes.

Taken together, we found that HSP27 was significantly upre-
gulated in PHC blood samples and tissues, indicating HSP27
might potentially contributes to the tumorigenesis and develop-
ment of PHC. In addition, knocking down HSP27 resulted in a
decrease in cellular growth and invasion in cancer cells. Further-
more, we reported a novel observation that SUMO2/3 interacts
with HSP27 and stabilizes HSP27 in the cytoplasm. Additionally,
SUMO2/3 overexpression in normal liver cells slightly increase
the proliferation and migration of hepatoma cells.

Method and material

Patient sample

All the samples were obtained from the inpatients of Tianjin
Third Central Hospital from January 1, 2014 to December 31,
2015, including 80 cases of PHC (53 males and 27 females,
aging 34 to 82 with median age 53); 40 cases of benign liver
lesions (BLL) (28 males and 12 females, aging 21 to 62 with
median age 42) and 40 cases of healthy control group (21 males
and 19 females, aging 25 to 51 with median age 37). The sam-
ples were rapidly frozen into liquid nitrogen, and stored at
¡80C until use. Informed consents were signed and obtained
from all patients enrolled in this study. The use of clinical sam-
ples was in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee of Tianjin Third Cen-
tral Hospital.
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Immunohistochemistry

Tumor tissues were embedded into paraffin sections, treated for
2 h at 65�C and then deparaffinized. Slides were applied to the
following procedures: deparaffine, antigen retrieval and endog-
enous peroxidase blockage before incubation of the primary
antibodies at 4�C overnight (1:100, Santa Cruz Biotechnology,
Dallas, TX, USA). The slides were incubated with a HRP-conju-
gated secondary antibody (1:100; ZSGB Biotech, Beijing,
China) for 1 h at 25�C and then applied to liquid DABC Sub-
strate (ZSGB Biotech, Beijing, China), and a final hymatoxylin
staining was performed to localize cell nucleus.

Cell culture and transfections

L02 (human hepatocyte cells), Huh7 (human hepatoma cells)
and HepG2 (human hepatoblastoma cells) were all purchased
from the American Type Culture Collection (ATCC, Shanghai,
China), and cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Sigma-Aldrich, St. Louis, MO, USA) with 10% fetal
bovine serum (Biological Industries, Shanghai, China). For
siRNA experiments, the cells were transfected with HSP27
siRNA (F: 50-AAAUGUAUCAAAAGAACACAC-30, R: 50-
GUGUUCUUUUGAUACAUUUAU-30) or Scramble (Scr)
siRNA (F: 50-AAAUAAAGAGUAUCAACACAC-30, R: 50-
GUGUUGAUAUCUUUCAUUUAU-30) (Sigma-Aldrich, St.
Louis, MO, USA) using Oligofectamine reagents (Invitrogen,
Carlsbad, CA, USA). Protein level was analyzed by immuno-
blotting 48 h after transfection to evaluate the knockdown effi-
cacy. For SUMO2/3 expression, Huh7 cells were transfected
with empty vector control (Empty) or SUMO2/3-overexpress-
ing vector (SUMO2/3-OE) (kind gifts from Prof. Zhiqiang Liu
laboratory, Tianjin Medical University) respectively using Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA, USA), and 48 hr
after the transfection, cells were collected for qPCR and West-
ern blot assay or cell growth and invasion assay, respectively.

Real-time RT-PCR

Total RNA was extracted from the collected white blood cell
precipitation using the Trizol reagent (Invitrogen, Shanghai,
China) according to the manufacturer’s instructions. cDNA
was synthesized using 1 mg of RNA with avian myeloblastosis
virus reverse transcriptase (Promega, Madison, WI, USA) and
oligo (dT) primers. Transcript levels were assessed by quantita-
tive real-time PCR (ABI 7300; Applied Biosystems), and all
experiments were normalized to GAPDH. The primers used
for HSP27: F: 50-ACGGTCAAGACCAAGGATGG-30, R: 50-
AGCGTGTATTTCCGCGTGA-30; SUMO 2/3 F: 50-
CTGCCGCCTCCTTCTTCTGC-30, R: 50-ATCCTCCATTTC-
CAACTGTCGTTC-30; GAPDH: F: 50-AACGGATTTGGTCG-
TATTGGG-30, R: 50-CGCTCCTGGAAGATGGTGAT-30.

Western blot analysis

Add 1 mL ice-cold protein lysis solution to the collected white
blood cell precipitation and then homogenized in ice for
30 min. Equal amounts of cytosolic protein were loaded and
electrophoresed on SDS polyacrylamide gel and then

transferred to a PVDF membrane. Membranes were blocked
with nonfat milk, and then incubated with the primary anti-
bodies (1:1000) at 4�C, overnight. The primary antibody bind-
ing was detected with a secondary anti-rabbit antibody
(1:2000) and visualized by the ECL method. HSP27 antibody
(sc-1048) and SUMO2/3 antibody (sc-32873) were both pur-
chased from Santa Cruz Biotech (Dallas, Texas, USA). Relative
quantification for western blot bands were analyzed using
ImageJ software (Wayne Rasband, NIH, USA), 3 protein band
scans from 3 independent experiments were analyzed, and the
results were shown as ratios of TARGET GENES/GAPDH.

Cell proliferation, invasion and wound healing assay

Cell proliferation assay was performed by the CCK8 method
(DOJINDO, Japan). Briefly, approximately 5 £ 103 cells were
transfected and then seeded into 96-well plates for cell culture.
Proliferation rates were determined at 0, 24, 48, 72 and 96 h
after transfection by adding 10 ml of CCK8 reagent. For cell
invasion assay, cells were starved for serum in DMEM media
for 6 hours, then seeded onto the upper compartment of 8 mm
trasnwell chamber (Corning Inc., Corning, NY, USA) and cul-
tured for 1.5 hour to let the cells to adhere. The upper surface
of transwell membrane was scraped by cotton swab to remove
non-invasion cells. After fixing with 4% paraformaldehyde,
migrated cells on the lower surface were stained with crystal
violet and quantified by counting. For wound healing assay,
cells were seeded at 5 £ 104 per well in 6-well plates, and
scratched one day after seeding, and then added fresh medium
containing 0.1% FBS. Pictures were taken immediately and
24 h after scratching. Five separate experiments were per-
formed. For quantification purposes, scratch widths were
measured.

Immunoprecipitation assay

Immunoprecipitation was performed using ImmunoCruzTM

IP/WB Optima B System (Santa Cruz Biotechnology, Dallas,
TX, USA) based on the manufacturer’s guideline. 2 mg of pri-
mary antibody, or immunoglobulin G (IgG) was used for
immunoprecipitation and control respectively. Blots were incu-
bated overnight at 4�C with designated primary antibodies at
1:500 dilutions. Proteins were visualized using the Odyssey sys-
tem (Li-Cor Biosciences, Lincoln, Nebraska, USA).

Statistical analysis

All of the experiments were performed at least in triplicate.
Each experiment was independently performed at least 3 times.
Data were presented as the mean § standard deviation (SD)
and analyzed using GraphPad Prism 5 software. Statistical sig-
nificance was assessed using a 2-tailed unpaired Student’s t-
test. When a p value was less than 0.05, the differences were
considered as statistically significant.
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