
INTERNATIONAL JOURNAL OF ONCOLOGY  44:  247-255,  2014

Abstract. Mortalin is highly expressed in a variety of human 
tumors and associated with tumor metastasis. However, the 
relationship among the overexpression of Mortalin, epithelial 
to mesenchymal transition (EMT) and neovascularization is 
largely unknown. The aim of the present study was to inves-
tigate the expression of Mortalin in human HCC cell lines, 
clinical HCC specimens and its association with angiogenesis 
and EMT. The results of our study showed that the expres-
sion levels of Mortalin in cell lines with higher metastatic 
SRWHQWLDO�ZHUH�VLJQLÀFDQWO\�KLJKHU�FRPSDUHG�WR�WKRVH�ZLWK�
lower metastatic potential. Compared with paracarcinomatous 
tissues and normal liver tissues, the expression of Mortalin 
ZDV�VLJQLÀFDQWO\�LQFUHDVHG�LQ�+&&�WXPRU�WLVVXHV��7KH�H[SUHV-
sion of Mortalin was correlated with invasion and metastasis, 
Edmondson grade and TNM stage. A significant positive 
correlation was found between the expression of Mortalin 
and Vimentin, and tumors with high expression of Mortalin 
had a tendency to higher MVD compared to those with low 
expression of Mortalin. Using shRNA-mediated Mortalin 
knockdown, we found that decreased expression of Mortalin 
was accompanied by a reduction of Vimentin expression. Our 
ÀQGLQJV�GHPRQVWUDWHG�WKDW�WKH�RYHUH[SUHVVLRQ�RI�0RUWDOLQ�LV�
correlated with the metastatic phenotype of HCC cells and 
can promote EMT, but cannot induce angiogenesis in HCC. 
The decreased expression of Mortalin is accompanied by an 
inhibition of EMT in the HCC cell lines.

Introduction

Hepatocellular carcinoma (HCC) is currently the sixth most 
common malignancy and the third leading cause of cancer-
related death worldwide, with approximately 695,900 deaths 
in 2008 (1,2). Although hepatectomy, liver transplantation, 
and ablation are the available treatment options for patients 
with HCC, high postoperative metastasis or recurrence rate 
UHPDLQ�WKH�PDMRU�REVWDFOHV�WKDW�LQÁXHQFH�ORQJ�WHUP�VXUYLYDO��
while most recurrences are due to invasion-related spreading. 
Therefore, there is an urgent need for a better understanding of 
the molecular mechanisms that contribute to HCC metastasis 
and for new potential therapeutic strategy.

Different molecular events and phenotypic changes are 
involved in cancer cell disintegration and migration into distant 
organs or tissues. The epithelial-to-mesenchymal transition 
(EMT), which is characterized by the loss or downregulation 
of epithelial markers (E-cadherin) and upregulation of mesen-
chymal markers (Vimentin), is a crucial step in tumor invasion 
and metastasis (3,4). Furthermore, HCC is a hypervascular 
tumor and neovascularization is a common phenomenon. The 
development of neovasculature plays an important role in the 
growth and metastasis of HCC (5).

Mortalin, which is also known as heat shock protein 75 
(HSP75), is low or undetectable in the normal tissues, while 
highly expressed in several epithelial carcinomas (6,7). 
Overexpression of Mortalin interacts with the wild-type tumor 
suppressor protein p53 and modulates the Ras-Raf-MAPK 
pathway and then increase the malignancy of tumor cells 
(8-10). Therefore Mortalin appears to play a crucial role in 
tumorigenesis and metastasis. Recently, it was reported that 
Mortalin overexpression in HCC was associated with venous 
infiltration and advanced tumor stages and thus Mortalin 
was implicated as a tumor marker for predicting early recur-
rence (11). Nevertheless, there are no previous studies on the 
role of Mortalin in HCC, EMT and angiogenesis.

In the present study, we observed that the high expression 
of Mortalin is an important regulator inducing EMT, but 
it does not promote angiogenesis in HCC. Furthermore, we 
demonstrated that the decreased expression of Mortalin is 
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Introduc)on	  

1.   Hepatocellular	  cancer	  (HCC)	  –	  some	  facts	  
•  HCC:	  6	  most	  common	  malignancy;	  3	  leading	  cause	  of	  cancer	  related	  death	  

(≈700,000	  deaths/a)	  

•  Primary	  liver	  carcinomas:	  90%	  HCC,	  10%	  Cholangiocellular	  Carcinoma	  

•  Treatment	  op)ons:	  hepatectomy,	  liver	  transplantaGon,	  ablaGon,	  Chemo,	  RT	  

•  Symptoms:	  fluid	  in	  abdomen	  (ascites),	  jaundice	  (icterus),	  abdominal	  pain,	  loss	  

of	  weight,	  faGgue,	  loss	  of	  energy	  

•  Risk	  factors:	  60-‐80%	  liver	  cirrhosis	  and	  hepaGGs	  B/C,	  (aflatoxin,	  

Paracetamol,...)	  

•  Problem:	  high	  postoperaGve	  metastasis	  and	  recurrence	  rates	  



[1.]	  

[2.]	  

[3.]	  

[4.]	  

[5.]	  
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AcquiredGSautonomywas the first of the six capabili-
ties to be clearly defined by cancer researchers, in large
part because of the prevalence of dominant oncogenes
that have been found to modulate it. Three common
molecular strategies for achieving autonomy are evi-
dent, involving alteration of extracellular growth signals,
of transcellular transducers of those signals, or of intra-
cellular circuits that translate those signals into action.
While most soluble mitogenic growth factors (GFs) are
made by one cell type in order to stimulate proliferation
of another—the process of heterotypic signaling—many
cancer cells acquire the ability to synthesize GFs to
which they are responsive, creating a positive feedback
signaling loop often termed autocrine stimulation (Fedi
et al., 1997). Clearly, themanufacture of a GFby a cancer
cell obviates dependence on GFs from other cells within
the tissue. The production of PDGF (platelet-derived
growth factor) and TGFa (tumor growth factor a) by
glioblastomas and sarcomas, respectively, are two illus-
trative examples (Fedi et al., 1997).
The cell surface receptors that transduce growth-

stimulatory signals into the cell interior are themselves
targets of deregulation during tumor pathogenesis. GF
receptors, often carrying tyrosine kinase activities in
their cytoplasmic domains, are overexpressed in many
cancers. Receptor overexpression may enable the can-
cer cell to become hyperresponsive to ambient levelsFigure 1. Acquired Capabilities of Cancer
of GF that normally would not trigger proliferation (FediWe suggest that most if not all cancers have acquired the same set
et al., 1997). For example, the epidermal GF receptorof functional capabilities during their development, albeit through

various mechanistic strategies. (EGF-R/erbB) is upregulated in stomach, brain, and
breast tumors, while the HER2/neu receptor is overex-
pressed in stomach and mammary carcinomas (Slamon
et al., 1987; Yarden andUllrich, 1988). Additionally, grossWe describe each capability in turn below, illustrate with
overexpression of GF receptors can elicit ligand-inde-a few examples its functional importance, and indicate
pendent signaling (DiFiore et al., 1987). Ligand-indepen-strategies by which it is acquired in human cancers.
dent signaling can also be achieved through structural
alteration of receptors; for example, truncated versionsAcquired Capability: Self-Sufficiency of the EGF receptor lacking much of its cytoplasmicin Growth Signals domain fire constitutively (Fedi et al., 1997).Normal cells require mitogenic growth signals (GS) be- Cancer cells can also switch the types of extracellularfore they can move from a quiescent state into an active matrix receptors (integrins) they express, favoring onesproliferative state. These signals are transmitted into the that transmit progrowth signals (Lukashev and Werb,cell by transmembrane receptors that bind distinctive 1998; Giancotti andRuoslahti, 1999). These bifunctional,

classes of signaling molecules: diffusible growth fac- heterodimeric cell surface receptors physically link cells
tors, extracellular matrix components, and cell-to-cell to extracellular superstructures knownas the extracellu-
adhesion/interaction molecules. To our knowledge, no lar matrix (ECM). Successful binding to specific moieties
type of normal cell can proliferate in the absence of of the ECM enables the integrin receptors to transduce
such stimulatory signals. Many of the oncogenes in the signals into the cytoplasm that influence cell behavior,
cancer catalog act by mimicking normal growth signal- ranging from quiescence in normal tissue to motility,
ing in one way or another. resistance to apoptosis, and entrance into the active
Dependence on growth signaling is apparent when cell cycle. Conversely, the failure of integrins to forge

propagating normal cells in culture, which typically pro- these extracellular links can impair cell motility, induce
liferate only when supplied with appropriate diffusible apoptosis, or cause cell cycle arrest (Giancotti and Ru-
mitogenic factors and a proper substratum for their inte- oslahti, 1999). Both ligand-activated GF receptors and
grins. Such behavior contrasts strongly with that of tu- progrowth integrins engaged to extracellular matrix
mor cells, which invariably show a greatly reduced components can activate the SOS-Ras-Raf-MAP kinase
dependenceonexogenousgrowth stimulation. Thecon- pathway (Aplin et al., 1998; Giancotti and Ruoslahti,
clusion is that tumor cells generate many of their own 1999).
growth signals, thereby reducing their dependence on Themost complexmechanismsof acquiredGSauton-
stimulation from their normal tissue microenvironment. omy derive from alterations in components of the down-
This liberation from dependence on exogenously de- stream cytoplasmic circuitry that receives and pro-
rived signals disrupts a critically important homeostatic cesses the signals emitted by ligand-activated GF
mechanism that normally operates to ensure a proper receptors and integrins. The SOS-Ras-Raf-MAPK cas-

cade plays a central role here. In about 25% of humanbehavior of the various cell types within a tissue.

Hanahan	  D.	  et	  Weinberg	  RA.	  The	  Hallmarks	  of	  Cancer.	  Cell	  (2000),	  100:	  57-‐70	  	  

Hallmarks	  of	  Cancer	  

EMT	  –	  Epithelial	  to	  
Mesenchymal	  Transi3on	  

epithelial	  marker	  	  	  
E-‐Cadherin	  	  

	  
mesenchymal	  marker	  

VimenGn	  

VEGF,	  VIII,	  CD34,	  
CD31,	  MVD	  	  



Mortalin	  =	  heat	  shock	  protein	  75	  (HSP75)	  
	  

•  Associated	  with	  tumor	  progression,	  bad	  prognosis,	  invasiveness	  and	  

metastasis	  

•  Highly	  expressed	  in	  several	  epithelial	  carcinomas	  (brain,	  lung,	  skin,...)	  

•  Interacts	  with	  p53	  suppressor	  gen	  -‐>	  inacGvaGon	  in	  cancer	  cells	  (Lu	  WJ.	  

et	  al.	  2011)	  

•  Modulates	  Ras-‐Raf-‐MAPK	  pathway	  -‐>	  cell	  proliferaGon	  (Wadhwa	  R.	  et	  al.	  

2003)	  

•  InteracGon	  with	  apoptosis	  	  (Starenki	  D.,	  et	  al.	  2014)	  

Objec)ve:	  mortalin	  associa)on	  with	  EMT	  and	  angiogenesis	  in	  HCC?	  
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✔	  

✔	  

✔	  

Hanahan	  D.	  et	  Weinberg	  RA.	  The	  Hallmarks	  of	  Cancer.	  Cell	  (2000),	  100:	  57-‐70	  	  
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Mortalin	  (HSP75)	  and	  cancer	  



Methods	  (1)	  

Cell	  culture	  
•  5	  human	  hepatoma	  derived	  tumor	  cell	  lines:	  MHCC97-‐L,	  MHCC97-‐H,	  HCCLM3,	  

Hep3B,	  HepG2	  
•  1	  normal	  liver	  cell	  line:	  L02	  
	  
Tissue	  samples	  
•  96	  HCC	  Gssue	  specimens	  -‐>	  IHC	  
•  13	  HCC	  Gssue	  specimens	  +	  „paracarcinomatous	  Gssues“	  -‐>	  qPCR,	  western	  bloang	  
•  10	  normal	  Gssue	  liver	  samples	  (hepaGc	  trauma)	  

Real-‐)me	  quan)ta)ve	  PCR	  (qPCR)	  
•  6	  cell	  lines,	  normal	  Gssue	  samples,	  HCC	  tumor	  Gssues	  +	  paracarcinomatous	  Gssues	  
•  Protocol:	  TRIzol	  -‐>	  cDNA	  synthesis	  kit	  (Invitrogen)	  -‐>	  Primer	  -‐>	  agarose	  gel	  
•  Primer:	  Mortalin,	  VimenGn,	  GAPDH	  
	  
Western	  blot	  
6	  cell	  lines,	  normal	  Gssue	  samples,	  HCC	  tumor	  Gssues	  +	  paracarcinomatous	  Gssues	  
Protocol:	  Protein	  ExtrakGon	  kit	  (Key	  Gen)	  -‐>	  SDS	  Page	  
An)body:	  Mortalin,	  VimenGn,	  β-‐acGn	  



Methods	  (2)	  

Immunohistochemistry	  (IHC)	  
1.   Mortalin	  (100	  HCC+para	  3ssues	  +	  10	  healthy	  controls)	  
2.   Vimen)n	  (100	  HCC+para	  3ssues)	  
3.   CD	  34	  (100	  HCC+para	  3ssues)	  
	  
•  Posi)ve	  control:	  breast	  cancer	  
•  Nega)ve	  control:	  PBS	  instead	  of	  primary	  anGbody	  

Semiquan)ta)ve	  scoring	  (Mortalin,	  Vimen)n)	  
1.  40x	  magnificaGon:	  staining	  intensity	  (0-‐3)	  
2.  400x	  magnificaGon:	  >5	  fields	  (percentage	  of	  posiGve	  cells;	  0,	  none,	  1<10%,	  2,	  

10%-‐50%,	  3>50%	  	  
3.  Total	  score:	  staining	  intensity	  x	  amount	  of	  posiGve	  cells	  (min.0,	  max.	  9)	  	  
4.   High	  immunoreacGvity	  ≥4	  total	  score,	  low	  immun.	  <4	  

Microvessel	  density	  (MVD),	  (CD34)	  
1.  High	  power	  field	  (area	  of	  maximal	  angiogenesis)	  
2.  Microvessels	  counted	  on	  200x	  magnificaGon	  
	  



Methods	  (3)	  

Plasmid	  extrac)on	  and	  RNA	  interference	  -‐>	  Gen	  therapy	  
A)Protocol:	  	  
1.  Small	  hairpin	  RNAs	  (shRNA)	  against	  Mortalin	  into	  GV115	  vector	  	  
2.  Plasmid	  -‐>	  bacteria	  for	  synthesis	  
3.  Plasmid	  extracGon	  (Plasmid	  Mini	  kit	  (Qiagen,	  China))	  

	  
B)	  3	  Groups,	  1	  HHC	  human	  cell	  line	  (MHCC97H)	  
1.  Blank	  group	  (no	  interference)	  
2.  NC	  (negaGve	  control)	  -‐>	  transfected	  with	  NC	  shRNA	  
3.  shRNA	  group	  -‐>	  transfected	  with	  Mortalin	  shRNA	  	  

C)	  Harves)ng	  of	  cells:	  24,	  48,	  72,	  96h	  
•  MTT	  (MTT	  cell	  proliferaGon	  and	  cytotoxity	  assay	  kit)	  

•  24	  h	  amer	  transfecGon,	  96-‐well	  plates,	  MTT-‐>ELISA	  	  
•  low	  cytometry	  (annexin	  V/PI	  apoptosis	  kit)	  

•  24h	  amer	  transfecGon,	  centrifugaGon,	  annexin&propidium	  iodide	  (PI)	  -‐>	  analysis	  
•  qPCR	  
•  western	  blot	  
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MTT assay [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide]. Twenty-four hours post-transfection cells 
(2.0x104/ml, 200 µl/well) were cultured in 96-well plates with 
DMEM among three groups. MTT (0.5%) (Beyotime, China) 
with a volume of 20 µl was added to each well for 4 h and 
then DMEM was aspirated from wells as far as possible 
without disturbing the cells and crystals on the plastic 
surface. Subsequently, each well was added with a 200-µl 
dimethyl sulfoxide (DMSO) to dissolve crystals and the plate 
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Figure 1. Expression of Mortalin protein and mRNA in liver cell lines. 
1, Hep3B; 2, MHCC97H; 3, HepG2; 4, L02; 5, MHCC97L; 6, HCCLM3. 
(A) The expression of Mortalin protein in six cell lines using western blotting. 
(B) Relative quantity of Mortalin protein expressed in six cell lines. (C) The 
expression of Mortalin mRNA in six cell lines using qPCR. (D) Relative 
quantity of Mortalin mRNA expressed in six cell lines.
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positive expression of Mortalin was mainly cytoplasmic, some 
tumor cells stained strongly, while others exhibited slight or no 
staining at all (Fig. 3B-D). Mortalin expression was detected 
LQ��������������RI�+&&�WXPRU�WLVVXHV��ZKLFK�ZDV�VLJQLÀFDQWO\�
higher than 19% (19/100) in the paracarcinomatous tissues 
and 1% (1/10) in the normal liver tissues (Ƶ2=67.388, P<0.001; 
Ƶ2=16.669, P<0.001, respectively) (Table III). Association 
between the expression of Mortalin and clinicopathological 
characteristics was evaluated and was found that the high 
expression of Mortalin was positively correlated with poor 
Edmondson grade (Ƶ2=4.272, P=0.039), advanced TNM stages 
(Ƶ2=8.188, P=0.004) and status of invasion and metastasis 
(Ƶ2 �������3 ��������EXW�WKHUH�ZDV�QR�VLJQLÀFDQW�FRUUHODWLRQ�
with other variables (Table I).

Immunohistochemical expression of Mortalin, Vimentin 
and MVD in HCC tumor tissues. Vimentin is an important 
hallmark of EMT; high expression of Vimentin was observed 

mainly in the cytoplasmic staining (Fig. 3G and H). Among 
all patients with HCC, 52% (52/100) patients had high expres-
sion of Vimentin. Spearman's rank correlation test was used 
to analyze the relation between Mortalin and Vimentin; a 
VLJQLÀFDQW�SRVLWLYH�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�H[SUHV-
sion of Mortalin and Vimentin (r=0.236, P=0.018) (Table IV). 
Angiogenesis is an important process of growth and metas-
tasis in HCC; MVD was detected by using an antibody against 
CD34 (Fig. 3E and F). MVD in HCC tumor tissues ranged 
IURP���WR���������[�ÀHOG��PHGLDQ���������[�ÀHOG���:H�IRXQG�
that tumors with high expression of Mortalin had a tendency 
to higher MVD than those with the low expression of Mortalin 
(39.4±42.5 vs. 29.7±16.9, t=1.630, P=0.106).

shRNA transfection in MHCC97H cells. *)3�ÁXRUHVFHQFH�
showed that plasmid Mortalin shRNA was successfully 
WUDQVIHFWHG� LQWR�0+&&��+�FHOOV� �)LJ������077�DQG�ÁRZ�
cytometry assays were applied to determine cell viability 
24 h after transfection among the three groups. OD values 
were not significantly different among the three groups 
(P>0.05) (Fig. 5). The result showed that only 2.5 and 3.5% 
cytotoxicity was present compared to the blank group. 
6LPLODUO\��ÁRZ�F\WRPHWU\�DQDO\VLV�VKRZHG�WKDW�HDUO\�DSRS-
tosis (Annexin V+/PI-) rates among the three groups were 
0.8, 4.5 and 9.2% (Fig. 6), indicating that transfection did 
not cause severe cell damage. To demonstrate the level of 
inhibition after transfection, qPCR assay was performed. 
As shown in Fig. 7A, Mortalin mRNA level of cells were 
2.52±0.37, 1.97±0.28, 1.12±0.25 and 0.55±0.13 in shRNA 
group after 24, 48, 72 and 96 h, respectively. Simultaneously, 
the expression level of Mortalin mRNA in blank group and 
NC group were 2.90±0.31, 2.83±0.22, 2.95±0.27, 2.90±0.23 
and 2.88±0.41, 2.80±0.15, 2.93±0.30, 2.91±0.09, respectively. 
The expression level of Mortalin mRNA in shRNA group was 
VLJQLÀFDQWO\�ORZHU�WKDQ�WKDW�LQ�EODQN�JURXS�DQG�1&�JURXS�
(P<0.05, respectively). These results showed that Mortalin 

Figure 2. Expression of Mortalin protein and mRNA in liver tissues. T, HCC 
tumor tissue; P, paracarcinomatous tissue; N, normal tissue. (A) Expression 
level of Mortalin protein in liver tissues using western blotting. (B) Relative 
quantity of Mortalin protein expressed in liver tissues. (C) Expression level 
of Mortalin mRNA in liver tissues using qPCR. (D) Relative quantity of 
Mortalin mRNA expressed in liver tissues.

Table III. Immunohistochemical expression of Mortalin in 
HCC, paracarcinomatous tissues and normal liver tissues.

 Mortalin expression
 -------------------------------------
Liver tissue Low High Ƶ2 P-value

HCC tumor tissue 23 77
Paracarcinomatous tissue 81 19 67.388 <0.001
Normal tissue   9   1 16.669 <0.001

Table IV. Correlation between Mortalin and Vimentin expres-
sion in 100 HCC patients with HCC.

 Vimentin expression
 -------------------------------------
Mortalin expression Low High r P-value

Low 16   7 0.236 0.018
High 32  45
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shRNA was an effective sequence to suppress the target gene 
and the capability of interference increased gradually upto 
96 h after transfection.

7R�ÀQG�WKH�UHODWLRQVKLS�EHWZHHQ�0RUWDOLQ�DQG�9LPHQWLQ��
qPCR and western blot assays were applied. Vimentin mRNA 
level of cells in shRNA group after 24, 48, 72 and 96 h were 

1.56±0.21, 1.02±0.27, 0.58±0.16 and 0.31±0.07, respectively 
(Fig. 7A). 24, 48, 72 and 96 h after transfection, the expres-
sion level of Mortalin protein and Vimentin protein in shRNA 
group were 2.09±0.37, 1.48±0.23, 0.73±0.11, 0.25±0.06 and 
1.03±0.21, 0.54±0.14, 0.21±0.07, 0.11±0.02, respectively 
(Fig. 7B). We found that the decreased expression of Mortalin 

Figure 3. Immunohistochemical staining of Mortalin, CD34 and Vimentin in HCC tumors. (A) HCC tumor, hematoxylin-eosin staining (x400). (B) Negative 
expression of Mortalin (x400). (C) Low expression of Mortalin (x400). (D) High expression of Mortalin (x400). (E) Low expression of MVD (x200). (F) High 
expression of MVD (x200). (G) Low expression of Vimentin (x400). (H) High expression of Vimentin (x400).

)LJXUH����*UHHQ�ÁXRUHVFHQFH�LQ�0+&&��+�FHOOV����K�DIWHU�WUDQVIHFWLRQ��[�����LQ�WKH�EODQN�JURXS��$���1&�JURXS��%��DQG�VL51$�JURXS��&��

A)	  HE	  staining,	  B)	  no	  expression	  of	  mortalin,	  C)	  low	  expression	  of	  
mortalin,	  D)	  high	  expression	  of	  mortalin,	  E)	  low	  expression	  of	  
MVD,	  F)	  high	  expression	  of	  MVD,	  G)	  low	  expression	  of	  VimenGn,	  
H)	  high	  expression	  of	  VimenGn);	  A-‐D+G-‐H	  (x400),	  E-‐F	  (x200)	  
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positive expression of Mortalin was mainly cytoplasmic, some 
tumor cells stained strongly, while others exhibited slight or no 
staining at all (Fig. 3B-D). Mortalin expression was detected 
LQ��������������RI�+&&�WXPRU�WLVVXHV��ZKLFK�ZDV�VLJQLÀFDQWO\�
higher than 19% (19/100) in the paracarcinomatous tissues 
and 1% (1/10) in the normal liver tissues (Ƶ2=67.388, P<0.001; 
Ƶ2=16.669, P<0.001, respectively) (Table III). Association 
between the expression of Mortalin and clinicopathological 
characteristics was evaluated and was found that the high 
expression of Mortalin was positively correlated with poor 
Edmondson grade (Ƶ2=4.272, P=0.039), advanced TNM stages 
(Ƶ2=8.188, P=0.004) and status of invasion and metastasis 
(Ƶ2 �������3 ��������EXW�WKHUH�ZDV�QR�VLJQLÀFDQW�FRUUHODWLRQ�
with other variables (Table I).

Immunohistochemical expression of Mortalin, Vimentin 
and MVD in HCC tumor tissues. Vimentin is an important 
hallmark of EMT; high expression of Vimentin was observed 

mainly in the cytoplasmic staining (Fig. 3G and H). Among 
all patients with HCC, 52% (52/100) patients had high expres-
sion of Vimentin. Spearman's rank correlation test was used 
to analyze the relation between Mortalin and Vimentin; a 
VLJQLÀFDQW�SRVLWLYH�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�H[SUHV-
sion of Mortalin and Vimentin (r=0.236, P=0.018) (Table IV). 
Angiogenesis is an important process of growth and metas-
tasis in HCC; MVD was detected by using an antibody against 
CD34 (Fig. 3E and F). MVD in HCC tumor tissues ranged 
IURP���WR���������[�ÀHOG��PHGLDQ���������[�ÀHOG���:H�IRXQG�
that tumors with high expression of Mortalin had a tendency 
to higher MVD than those with the low expression of Mortalin 
(39.4±42.5 vs. 29.7±16.9, t=1.630, P=0.106).

shRNA transfection in MHCC97H cells. *)3�ÁXRUHVFHQFH�
showed that plasmid Mortalin shRNA was successfully 
WUDQVIHFWHG� LQWR�0+&&��+�FHOOV� �)LJ������077�DQG�ÁRZ�
cytometry assays were applied to determine cell viability 
24 h after transfection among the three groups. OD values 
were not significantly different among the three groups 
(P>0.05) (Fig. 5). The result showed that only 2.5 and 3.5% 
cytotoxicity was present compared to the blank group. 
6LPLODUO\��ÁRZ�F\WRPHWU\�DQDO\VLV�VKRZHG�WKDW�HDUO\�DSRS-
tosis (Annexin V+/PI-) rates among the three groups were 
0.8, 4.5 and 9.2% (Fig. 6), indicating that transfection did 
not cause severe cell damage. To demonstrate the level of 
inhibition after transfection, qPCR assay was performed. 
As shown in Fig. 7A, Mortalin mRNA level of cells were 
2.52±0.37, 1.97±0.28, 1.12±0.25 and 0.55±0.13 in shRNA 
group after 24, 48, 72 and 96 h, respectively. Simultaneously, 
the expression level of Mortalin mRNA in blank group and 
NC group were 2.90±0.31, 2.83±0.22, 2.95±0.27, 2.90±0.23 
and 2.88±0.41, 2.80±0.15, 2.93±0.30, 2.91±0.09, respectively. 
The expression level of Mortalin mRNA in shRNA group was 
VLJQLÀFDQWO\�ORZHU�WKDQ�WKDW�LQ�EODQN�JURXS�DQG�1&�JURXS�
(P<0.05, respectively). These results showed that Mortalin 

Figure 2. Expression of Mortalin protein and mRNA in liver tissues. T, HCC 
tumor tissue; P, paracarcinomatous tissue; N, normal tissue. (A) Expression 
level of Mortalin protein in liver tissues using western blotting. (B) Relative 
quantity of Mortalin protein expressed in liver tissues. (C) Expression level 
of Mortalin mRNA in liver tissues using qPCR. (D) Relative quantity of 
Mortalin mRNA expressed in liver tissues.

Table III. Immunohistochemical expression of Mortalin in 
HCC, paracarcinomatous tissues and normal liver tissues.

 Mortalin expression
 -------------------------------------
Liver tissue Low High Ƶ2 P-value

HCC tumor tissue 23 77
Paracarcinomatous tissue 81 19 67.388 <0.001
Normal tissue   9   1 16.669 <0.001

Table IV. Correlation between Mortalin and Vimentin expres-
sion in 100 HCC patients with HCC.

 Vimentin expression
 -------------------------------------
Mortalin expression Low High r P-value

Low 16   7 0.236 0.018
High 32  45

	  
	  

Spearman‘s	  rank	  correla3on	  

CD34	  &	  Mortalin	  
Tumors	  with	  high	  expression	  of	  Mortalin	  had	  a	  
tendency	  to	  higher	  MVD	  than	  those	  with	  low	  
expression	  of	  Mortalin	  
(39.4±42.5	  vs.29.7±16.9,	  p=0.106)	  
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lightly with hematoxylin. The positive controls were used 
with sections of breast cancer and the negative controls were 
processed with PBS instead of primary antibody.

Mortalin and Vimentin staining were assessed by a semi-
quantitative scoring system including the intensity of staining 
and the proportion of stained cells (15). At low-power (x40) 
microscope, staining intensity of tissue sections were scored 
(0, no staining; 1, weak staining appearing as light yellow; 
2, moderate staining appearing as yellowish-brown; 3, strong 
staining appearing as brown); at high-power (x400) micro-
VFRSH��!��ÀHOGV�LQ�RQH�VHFWLRQ�ZHUH�VFUXWLQL]HG�DQG�WKHQ�WKH�
percentage of positive stained cells was calculated (0, none; 
1, <10%; 2, 10%-50%; 3, >50%). The final score of each 
section was obtained: [(score for staining intensity) x (score 
for percentage of positive cells)]. For category analysis, immu-
noreactivity of tumor cells was distinguished between high 
�WRWDO�VFRUH�����DQG�ORZ��WRWDO�VFRUH������&'���LV�DQ�DQWLJHQ�
present in the vascular endothelial cells. We used antibodies 
against CD34 to stain vascular endothelial cells and then 
FDOFXODWHG�WKH�PLFURYHVVHO�GHQVLW\��09'��������7KH�ÀHOG�RI�
maximal CD34 expression was found in tumor tissues. Within 
WKH�ÀHOG��WKH�DUHD�RI�PD[LPDO�DQJLRJHQHVLV�ZDV�VHOHFWHG�DQG�
PLFURYHVVHOV�ZHUH�FRXQWHG�RQ�D�[����PDJQLÀFDWLRQ�ÀHOG��7KH�
immunohistochemical results were scored by three patholo-
gists who were blinded to clinical data.

Plasmid extraction and RNA interference. The small hairpin 
RNAs (shRNA) (Genechem, China) against Mortalin were 
designed by inserting oligos with a hairpin loop into the 
GV115 vector. The target sequences of Mortalin shRNA 
(NM_004134, CTGGAATGGCCTTAGTCAT) were synthe-
sized by Shanghai GeneChem Co. Bacteria containing the 
plasmid were inoculated on solid culture medium with Amp 
resistance in the incubator. A bacterial colony was picked 
and then inoculated in liquid culture medium on a vibration 
VKDNHU�DW���Ý&��VKDNHU�VSHHG�����USP��RYHUQLJKW��+DUYHVW�
overnight bacterial culture by centrifuging 12,000 g for 
2 min. Plasmid was extracted using the Qiagen Plasmid 
Mini kit (Qiagen, China) according to the manufacturer's 
instructions, then dissolved in a suitable volume of TE 
buffer. MHCC97H cells at ~3x105/ml were seeded in a 
6-well plate and placed in antibiotic-free DMEM containing 
����)%6��:KHQ�WKH�FHOOV�FRQÁXHQFH�UHDFKHG������WUDQVLHQW�
transfection of MHCC97H cells was performed. A mixture 
containing 10 µl/well Lipofectamine 2000 (Invitrogen), 
10 µl/well plasmid and 480 µl/well OPTI-MEM were added 
to plates. After 6 h, OPTI-MEM was replaced by DMEM 
containing 10% FBS.

Three groups were established in this experiment: blank 
group (no interference), NC (negative control) group (trans-
fected with NC shRNA) and shRNA group (transfected with 
Mortalin shRNA). Cells were harvested 24, 48, 72 and 96 h 
DIWHU�WUDQVIHFWLRQ�DQG�VXEMHFWHG�WR�077�DVVD\��ÁRZ�F\WRP-
etry, qPCR and western blot analyses. Simultaneously, a GFP 
�JUHHQ�ÁXRUHVFHQW�SURWHLQ��SODVPLG�ZDV�XVHG�WR�GHWHUPLQH�
WUDQVIHFWLRQ�HIÀFLHQF\�DQG�FHOO�YLDELOLW\�ZDV�GHWHUPLQHG�E\�
the MTT assay (MTT Cell Proliferation and Cytotoxicity 
$VVD\�NLW��DQG�ÁRZ�F\WRPHWU\��$QQH[LQ�9�3,�DSRSWRVLV�NLW���
$OO�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWH�WR�FRQÀUP�WKH�
reproducibility.

Table I. Clinicopathological factors and the expression of 
Mortalin in 100 patients with HCC.

 Mortalin
 expression
 -----------------------
Characteristics Case Low High Ƶ2 P-value

Age (years)
� ���� ��� ���� ��� ������ �����
 >55 72 20 52

Gender
 Male 76 19 57 0.322 0.570
 Female 24   4 20

Tumor size (cm)
� ��� ��� ���� ��� ������ �����
 >5 62 18 44

Tumor nodules
 Single 68 18 50 0.898 0.343
 Multiple 32   5 27

Tumor capsula
 Complete 70 13 57 2.584 0.108
 None 30 10 20

AFP (ng/ml)
� ����� ��� ���� ��� ������ �����
 >400 69 16 53

ICGR15 (%)
� ���� ��� ��� ��� ������ �����
 >10 21   6 15

HBsAg
 Positive 84 20 64 0.014 0.907
 Negative 16   3 13

Liver cirrhosis
 Present 87 21 66 0.004 0.951
 Absent 11   2   9

Child-Pugh grade 
 A 79 15 64 3.420 0.064
 B 21   8 13

Edmondson grade 
 I-II 67 20 47 4.272 0.039
 III-IV 33   3 30

TNM stage 
 I-II 64 21 43 8.188 0.004
 III-IV 36   2 34

Invasion and
metastasis 
 Absent 61 19 42 4.742 0.029
 Present 39   4 35

ICGR15, indocyanine green retention rate at 15 min.
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designed by inserting oligos with a hairpin loop into the 
GV115 vector. The target sequences of Mortalin shRNA 
(NM_004134, CTGGAATGGCCTTAGTCAT) were synthe-
sized by Shanghai GeneChem Co. Bacteria containing the 
plasmid were inoculated on solid culture medium with Amp 
resistance in the incubator. A bacterial colony was picked 
and then inoculated in liquid culture medium on a vibration 
VKDNHU�DW���Ý&��VKDNHU�VSHHG�����USP��RYHUQLJKW��+DUYHVW�
overnight bacterial culture by centrifuging 12,000 g for 
2 min. Plasmid was extracted using the Qiagen Plasmid 
Mini kit (Qiagen, China) according to the manufacturer's 
instructions, then dissolved in a suitable volume of TE 
buffer. MHCC97H cells at ~3x105/ml were seeded in a 
6-well plate and placed in antibiotic-free DMEM containing 
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containing 10 µl/well Lipofectamine 2000 (Invitrogen), 
10 µl/well plasmid and 480 µl/well OPTI-MEM were added 
to plates. After 6 h, OPTI-MEM was replaced by DMEM 
containing 10% FBS.

Three groups were established in this experiment: blank 
group (no interference), NC (negative control) group (trans-
fected with NC shRNA) and shRNA group (transfected with 
Mortalin shRNA). Cells were harvested 24, 48, 72 and 96 h 
DIWHU�WUDQVIHFWLRQ�DQG�VXEMHFWHG�WR�077�DVVD\��ÁRZ�F\WRP-
etry, qPCR and western blot analyses. Simultaneously, a GFP 
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shRNA was an effective sequence to suppress the target gene 
and the capability of interference increased gradually upto 
96 h after transfection.

7R�ÀQG�WKH�UHODWLRQVKLS�EHWZHHQ�0RUWDOLQ�DQG�9LPHQWLQ��
qPCR and western blot assays were applied. Vimentin mRNA 
level of cells in shRNA group after 24, 48, 72 and 96 h were 

1.56±0.21, 1.02±0.27, 0.58±0.16 and 0.31±0.07, respectively 
(Fig. 7A). 24, 48, 72 and 96 h after transfection, the expres-
sion level of Mortalin protein and Vimentin protein in shRNA 
group were 2.09±0.37, 1.48±0.23, 0.73±0.11, 0.25±0.06 and 
1.03±0.21, 0.54±0.14, 0.21±0.07, 0.11±0.02, respectively 
(Fig. 7B). We found that the decreased expression of Mortalin 

Figure 3. Immunohistochemical staining of Mortalin, CD34 and Vimentin in HCC tumors. (A) HCC tumor, hematoxylin-eosin staining (x400). (B) Negative 
expression of Mortalin (x400). (C) Low expression of Mortalin (x400). (D) High expression of Mortalin (x400). (E) Low expression of MVD (x200). (F) High 
expression of MVD (x200). (G) Low expression of Vimentin (x400). (H) High expression of Vimentin (x400).

)LJXUH����*UHHQ�ÁXRUHVFHQFH�LQ�0+&&��+�FHOOV����K�DIWHU�WUDQVIHFWLRQ��[�����LQ�WKH�EODQN�JURXS��$���1&�JURXS��%��DQG�VL51$�JURXS��&��
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was accompanied by a reduction of Vimentin expression 
(Fig. 7C). This observation supported our conclusion that inhi-
bition of Mortalin expression could decrease the expression 
of Vimentin and had a suppressive function in epithelial-to-
mesenchymal transition.

Discussion

HCC invasion and metastasis are closely related to adverse 
clinical outcome and shorter survival of cancer patients. 
Although great efforts have been made to clarify molecular 
mechanisms involved in HCC invasion and metastasis, the 
detailed mechanisms for HCC malignancy and metastasis 
are still unknown. It was reported that angiogenesis and 
EMT played important roles in the occurrence and progres-
sion of HCC (16,17). Mortalin, as a ‘stress protein’, was a 
highly conserved molecular chaperone and abundant in 
the same tumors and played a key role in cell cycle regu-
lation, carcinogenesis and tumor progression (7,18,19). 
Simultaneously, Mortalin-p53 interaction resulted in inhibi-
tion of transcriptional activation and control of centrosome 

Figure 5. Cell viability (OD value) was measured by MTT assays 24 h after 
transfection in the blank group, NC group and siRNA group, respectively.

Figure 6. Cells in the blank group (A), NC group (B) and siRNA group (C) 
ZHUH�DQDO\]HG�E\�ÁRZ�F\WRPHWU\����K�DIWHU�WUDQVIHFWLRQ�

Figure 7. The expression level of Mortalin and Vimentin in MHCC97H cells. 
1, shRNA group for 24 h; 2, shRNA group for 48 h; 3, shRNA group for 
72 h; 4, shRNA group for 96 h. (A) Relative quantity of Mortalin mRNA 
and Vimentin mRNA expressed in MHCC97H cells. (B) The expression of 
Mortalin protein and Vimentin protein were measured by western blotting. 
(C) Relative quantity of Mortalin protein and Vimentin protein expressed in 
MHCC97H cells.
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(Fig. 7C). This observation supported our conclusion that inhi-
bition of Mortalin expression could decrease the expression 
of Vimentin and had a suppressive function in epithelial-to-
mesenchymal transition.
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Figure 7. The expression level of Mortalin and Vimentin in MHCC97H cells. 
1, shRNA group for 24 h; 2, shRNA group for 48 h; 3, shRNA group for 
72 h; 4, shRNA group for 96 h. (A) Relative quantity of Mortalin mRNA 
and Vimentin mRNA expressed in MHCC97H cells. (B) The expression of 
Mortalin protein and Vimentin protein were measured by western blotting. 
(C) Relative quantity of Mortalin protein and Vimentin protein expressed in 
MHCC97H cells.

•  GFP	  fluorescence	  -‐>	  successful	  transfecGon-‐>	  MHCC97H	  
cells	  

•  MTT&flow	  cytometry:	  24h	  amer	  transfecGon;	  p>0.05	  
transfecPon	  did	  not	  cause	  severe	  cell	  damage!	  

A=blank	  group	  	  
B=NC	  group	  	  
C	  =shRNA	  group	  
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was accompanied by a reduction of Vimentin expression 
(Fig. 7C). This observation supported our conclusion that inhi-
bition of Mortalin expression could decrease the expression 
of Vimentin and had a suppressive function in epithelial-to-
mesenchymal transition.

Discussion

HCC invasion and metastasis are closely related to adverse 
clinical outcome and shorter survival of cancer patients. 
Although great efforts have been made to clarify molecular 
mechanisms involved in HCC invasion and metastasis, the 
detailed mechanisms for HCC malignancy and metastasis 
are still unknown. It was reported that angiogenesis and 
EMT played important roles in the occurrence and progres-
sion of HCC (16,17). Mortalin, as a ‘stress protein’, was a 
highly conserved molecular chaperone and abundant in 
the same tumors and played a key role in cell cycle regu-
lation, carcinogenesis and tumor progression (7,18,19). 
Simultaneously, Mortalin-p53 interaction resulted in inhibi-
tion of transcriptional activation and control of centrosome 

Figure 5. Cell viability (OD value) was measured by MTT assays 24 h after 
transfection in the blank group, NC group and siRNA group, respectively.

Figure 6. Cells in the blank group (A), NC group (B) and siRNA group (C) 
ZHUH�DQDO\]HG�E\�ÁRZ�F\WRPHWU\����K�DIWHU�WUDQVIHFWLRQ�

Figure 7. The expression level of Mortalin and Vimentin in MHCC97H cells. 
1, shRNA group for 24 h; 2, shRNA group for 48 h; 3, shRNA group for 
72 h; 4, shRNA group for 96 h. (A) Relative quantity of Mortalin mRNA 
and Vimentin mRNA expressed in MHCC97H cells. (B) The expression of 
Mortalin protein and Vimentin protein were measured by western blotting. 
(C) Relative quantity of Mortalin protein and Vimentin protein expressed in 
MHCC97H cells.

A)Mortalin	  /	  Vimen)n	  mRNA	  	  
o  24h:	  2.52±0.37	  /	  1.56±0.21	  
o  48h:	  1.97±0.28	  /	  1.02±0.27	  
o  72h:	  1.12±0.25	  /	  0.58±0.16	  
o  96h:	  0.55±0.13	  /	  0.31±0.07	  
o  (no	  change	  in	  NC	  and	  blank	  group!)	  p<0.05	  

B)	  Mortalin	  /	  Vimen)n	  protein	  	  
o  24h:	  2.09±0.37	  /	  1.03±0.21	  
o  48h:	  1.48±0.23	  /	  0.54±0.14	  
o  72h:	  0.73±0.11	  /	  0.21±0.07	  
o  96h:	  0.25±0.06	  /	  0.11±0.02	  

C)Mortalin	  &	  Vimen)n	  expression	  
o  Decreased	  expression	  of	  Mortalin	  was	  

accompanied	  by	  reducGon	  of	  VimenGn	  
expression	  

o  Inhibi)on	  of	  Mortalin	  expression	  could	  
decrease	  Vimen)n	  expression	  and	  could	  
have	  suppressive	  effect	  on	  EMT!	  

	  



Conclusion	  	  

o  Mortalin	  was	  higher	  expressed	  in	  HCC	  tumor	  specimens	  
o  Mortalin	  significantly	  correlaGon	  with	  VimenGn	  (EMT)	  
o  High	  Mortalin	  expression	  was	  not	  related	  to	  higher	  MVD	  
o  Mortalin	  correlated	  with	  level	  of	  metastasis/invasiveness	  (TNM,	  

Edmondson	  grade)	  
o  Overexpression	  of	  Mortalin	  could	  possess	  metastaGc	  -‐	  inducing	  capabiliGes	  
o  Mortalin	  shRNA	  transfecGon	  led	  to	  decreased	  Mortalin	  levels	  and	  was	  

accompanied	  by	  a	  reducGon	  of	  VimenGn	  
	  
Ø  Mortalin	  expression	  could	  promote	  EMT	  
Ø  Mortalin	  had	  no	  influence	  on	  angiogenesis	  

shRNA	  transfec)on	  (Mortalin	  knockdown)	  -‐>	  poten)al	  clinical	  applica)on	  
to	  decrease	  tumor	  metastasis	  and	  recurrence	  aler	  cura)ve	  surgery	  by	  
inhibi)ng	  EMT!!!	  
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