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Abstract: Background: An evolutionarily conserved gene, the CDGSH iron sulfur domain 2 (CISD2), functions to 
control mammalian life span and regulates human cells proliferation. However, the role of CISD2 in HCC remains 
unclear. This study was aimed at investigating the expression pattern and clinicopathological significance of CISD2 
in patients with HCC. Methods: The mRNA and protein expression levels of CISD2 were analyzed in six HCC lines 
and eight paired hepatic cancer tumors by real-time PCR, Western blotting and immunohistochemical staining. 
Statistical analysis was used to evaluate the clinicopathological significance of CISD2 expression. Short hairpin RNA 
interfering approach was employed to suppress endogenous CISD2 expression in hepatic cancer cells to determine 
its role in proliferation. Results: CISD2 expression in liver cancer cell lines and tissues was significantly up-regulated 
at both the RNA and protein levels compared with that in normal cells and adjacent non-tumorous liver tissues 
(ANT). CISD2 was an independent prognostic factor for poor prognosis. It was correlated with tumor size (P=0.001), 
number of tumors (P=0.003), surgical margin (P=0.006), hepatitis B surface antigen (HBsAg) infection (P=0.002) 
and recurrence (P<0.001) of liver cancer. Multivariate analysis suggested that CISD2 expression was an indepen-
dent prognostic indicator for the survival of patients with HCC. HCC patients with high CISD2 expression displayed 
a shorter overall survival and a higher recurrence rate than those with low CISD2 expression (P<0.05, respectively). 
Additionally, stable down-expression of CISD2 in hepatoma cells suppressed cell proliferation in vitro. Similarly, an 
in vivo assay showed that CISD2 down-regulation in hepatoma cells inhibited remarkably tumorigenic potential in 
tumor size and weight. Conclusions: CISD2 protein may serve as a candidate prognostic marker and a novel thera-
peutic target for HCC and play an important role in promoting proliferation and enhanced progression of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most frequent malignant diseases worldwide. 
With an estimated 748,000 newly diagnosed 
cases per year and a low five-year survival rate, 
HCC is the third leading cause of cancer-related 
death worldwide [1]. Presently, hepatic resec-
tion and liver transplantation are still the most 
curative therapeutic choices for HCC patients. 
However, the 5-year survival rate of HCC 
patients after curative resection is only 35%-
43% due to recurrence and metastasis after 
operation [2]. Hence, it is of great significance 
to identify effective early markers and thera-
peutic targets for HCC. 

The newly discovered protein, CDGSH iron sul-
fur domain 2 (CISD2) as a member of a newly 

discovered family of iron sulfur (FeS) proteins , 
encoded by CISD2 genes, was demonstrated to 
play a key role in maintaining the mitochondrial 
integrity localized to the outer mitochondrial 
membrane, whose deficiency can cause mito-
chondrial dysfunction accompanied by cell de- 
ath with autophagic features [3, 4]. Additionally, 
CISD2 was defined by a unique CDGSH amino 
acid sequence in their FeS cluster-binding 
domain, which also appears in endoplasmic 
reticulum (ER) where it interacts with BCL-2 to 
regulate autophagy and Ca2+ homeostasis [5-7]. 
The ratio of the amount of CISD2 protein in the 
mitochondria versus ER is estimated to be 
approximately 6:1 [8]. Interestingly, CISD2 gene 
locates on human chromosome 4q, where a 
genetic component for longevity maps is essen-
tial for mammalian life span control [9, 10]. In 
addition, CISD2 deficiency shortens life span, 
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and persistent expression of CISD2 is able to 
extend healthy lifespan [8, 11], while the essen-
tial value of detection of genomic amplification 
of 4q in the progression of HCC has been 
affirmed in several studies [12]. Furthermore, 
CISD2 as the second causative gene was sug-
gested to be responsible for Wolfram syndrome 
2 (WFS2), a mitochondrial-mediated disorder, 
which accounted for severe blindness, hearing 
deficiencies, diabetes and even a lower life 
expectancy [13-15]. Moreover, CISD2 expres-
sion was significantly upregulated in human 
epithelial breast cancer cell lines, suggesting 
that CISD2 was central to breast cancer prolif-
eration by maintaining mitochondrial homeo-
stasis and promoting tumor progress [16, 17]. 
Intriguingly, impaired mitochondrial function 
and activation of autophagy in human breast 

cancer cells by suppression expression of 
CISD2 resulted in suppressed proliferation of 
cancer cells [16]. However, there has been no 
study to investigate the protein expression level 
of CISD2 in HCC. Our aim was to find out a 
potential biomarker for HCC, thus providing a 
better understanding of the molecular patho-
physiology and better methods for detection, 
diagnosis, and classification of HCC.

Materials and methods

Samples and patients

The current retrospective study enrolled 196 
patients diagnosed with primary HCC who 
underwent surgical resection at Department of 
Hepatobiliary Surgery, the First Affiliated Hos- 

Table 1. Clinicopathological characteristics of patient samples and expression of CISD2 in liver 
cancer and correlation between CISD2 expression and clinicopathological characteristics of hepatic 
cancer patients (n=196)

Characteristics Total  
(n= 196)

CISD2 Chi-square 
test

Fisher’s 
exact testNo or Low expression High expression

87 (44.4%) 109 (55.6%) P-value P-value
Gender Male 156 68 (43.6) 88 (56.4) 0.087 0.077

Female 40 19 (47.5) 21 (52.5)
Age (years) <60 155 71 (45.8) 84 (54.2) 0.121 0.098

≥60 41 16 (39.0) 25 (61.0)
HBsAg Negative 18 16 (88.9) 2 (11.1) 0.002 0.001

Positive 178 71 (39.9) 107 (60.1)
AFP <200 ng/ml 94 45 (47.9) 49 (52.1) 0.084 0.079

≥200 ng/ml 102 42 (41.2) 60 (58.8)
Edmonson grade I–II 135 58 (43.0) 77 (57.0) 0.965 0.929

III–IV 61 29 (47.5) 32 (52.5)
Tumor size <5 cm 50 41 (82.0) 9 (18.0) 0.001 0.000

≥5 cm 146 46 (31.5) 100 (68.5)
Number of tumors Single 111 78 (70.3) 33 (29.7) 0.003 0.003

Multiple 85 9 (10.6) 76 (89.4)
Liver cirrhosis No 72 33 (45.8) 39 (54.2) 0.173 0.135

Yes 124 54 (43.5) 70 (56.5)
Tumor encapsulation No 91 43 (47.3) 48 (52.7) 0.401 0.364

Yes 105 44 (41.9) 61 (58.1)
Surgical margin <1 cm 82 65 (79.3) 17 (20.7) 0.006 0.003

≥1 cm 114 22 (19.3) 92 (80.7)
Vascular invasion No 138 63 (45.7) 75 (54.3) 0.288 0.226

Yes 58 24 (41.4) 34 (58.6)
One year Recurrence No 148 79 (53.4) 69 (46.6) 0.009 0.007

Yes 48 8 (16.7) 40 (83.3)
Five year Recurrence No 59 36 (61.0) 23 (39.0) 0.000 0.000

Yes 137 51 (37.2) 86 (62.8)
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pital, Sun Yat-sen University from March 2008 
to September 2013. The mean patient age was 
42.00±7.84 (range 17-70). Eight paired sam-
ples of HCC tissues and their corresponding 
adjacent non-tumorous liver tissues (ANT) were 
collected for quantitative polymerase chain 
reaction (qPCR) and western blotting analysis. 
All the paraffin-embedded tissues and fresh 
tissues were obtained with the consent of each 
patient for research purposes. The Institutional 
Ethical Board (IRB) in the First Affiliated Hospital 
of Sun Yat-sen University approved the proto-
col. The clinical information was summarized in 
Table 1.

Cell lines

Human hepatocyte cells (L02) and HCC cell 
lines, including Huh7, SK-Hep1, Hep3B, HepG2, 
MHCC-97L and SNU423, were cultured at 37°C 
in 5% CO2 in Dulbecco’s modified Eagle medi-
um (DMEM) supplemented with 10% fetal 
bovine serum (FBS) and 1% antibiotics in a 
humidified incubator. These seven cell lines 
were purchased from the Type Culture Col- 
lection of the Chinese Academy of Sciences 
(Shanghai, China) [18]. 

Real-time PCR (qPCR)

Total RNA from cultured cells and fresh tissues 
were extracted using Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. The extracted RNA was 
pretreated with RNase-free DNase, and 2 μg 
RNA from each sample was used for cDNA syn-
thesis, primed with random hexamers. For the 
PCR amplification of CISD2 cDNA, an initial 
amplification step using CISD2-specific primers 
was performed with denaturation at 95°C for 
10 min, followed by 28 denaturation cycles at 
95°C for 60 s, primer annealing at 58°C for 30 
s and a primer extension phase at 72°C for 30 
s. Upon the completion of the cycling steps, a 
final extension step at 72°C for 5 min was per-
formed before the reaction mixture was stored 
at 4°C [19]. qPCR was then employed to quan-
tify the increasing amounts of CISD2 mRNA in 
HCC cell lines relative to the hepatocyte cells 
(L02) and in each of the primary HCC tissues 
relative to the paired ANT. Each sample was 
tested in triplicate. Expression data were nor-
malized to the geometric mean of the expres-
sion level of the housekeeping gene GAPDH to 
control the variability in expression levels. 
Primer Express v 2.0 software (Applied Bio- 

systems) designed the primers. The CISD2 pri- 
mer sequences were 5’-GCAAGGTAGCCAAGA- 
AGTGC-3’ and 5’-CCCAGTCCCTGAAAGCATTA-3’. 
Primers for GAPDH were 5’-TTGAGGTCAATGA- 
AGGGGTC-3’ and 5’-GAAGGTGAAGGTCGGAGT- 
CA-3’.

Western blotting

Cells at 70 to 80% confluence were washed 
twice with icecold phosphate-buffered saline 
(PBS) and lysed on ice in radio immunoprecipi-
tation assay buffer (RIPA; Cell Signaling Tech- 
nology, Danvers, MA, USA) containing a com-
plete protease inhibitor cocktail (Roche Applied 
Sciences, Mannheim, Germany). Fresh tissue 
samples were ground to a powder in liquid 
nitrogen and lysed using SDS-PAGE sample 
buffer. Equal protein samples (20 μg) were sep-
arated on 10.5% SDS polyacrylamide gels and 
transferred to PVDF membranes (Immobilon P, 
Millipore, Bedford, MA, USA). Membranes were 
blocked with 5% fat-free milk in Tris-buffered 
saline containing 0.1% Tween-20 (TBST) for 1 h 
at room temperature. Membranes were incu-
bated with anti-CISD2 antibody (1:1000, Pro- 
teintech, 13318-1-AP) overnight at 4°C and 
then with horseradish peroxidase-conjugated 
goat anti-rabbit IgG (Santa Cruz Biotechnology, 
SC-2004). The ECL prime Western blotting de- 
tection reagent (Amersham) was used to detect 
CISD2 expression, according to the manufac-
turer’s instructions. Alpha-Tubulin (Sigma, Saint 
Louis, MO) was used as a loading control.

IHC analysis

IHC analysis was used to study altered protein 
expression in 196 human HCC tissues. Briefly, 
4 um-thick paraffin sections of the HCC tissue 
from the patient were baked at 65°C for 30 min 
and then deparaffinized with xylene and rehy-
drated. Submerging the sections into EDTA anti-
genic retrieval buffer and then microwaving 
were used for antigen retrieval. The samples 
were then treated with 3% hydrogen peroxide in 
methanol to quench endogenous peroxidase 
activity, followed by incubation with 1% bovine 
serum albumin to block nonspecific binding. 
Sections were then incubated with anti-CISD2 
rabbit polyclonal antibody (1:100, Proteintech, 
13318-1-AP) overnight at 4°C. Normal goat 
serum was used as a negative control. After 
washing, the tissue sections were then incu-
bated with a biotinylated anti-rabbit secondary 
antibody (Abcam), followed by further incuba-
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tion with streptavidin-horseradish peroxidase 
complex (Abcam). The tissue sections were 
immersed in 3-amino-9-ethyl carbazole and 
counterstained with 10% Mayer’s hematoxylin, 
dehydrated and mounted in Crystal Mount. Two 
observers who were blinded to the histopatho-
logical features and patient data of the sam-
ples evaluated the degree of immunostaining 
of formalin-fixed, paraffin-embedded sections 
independently. The scores given by the two 
independent investigators were averaged and 
were based on both the proportion of positively 
stained tumor cells and the intensity of stain-
ing. The proportion of tumor cells was scored 
as follows: 1 (<10% positive tumor cells), 2 (10-
50% positive tumor cells), 3 (50-75% positive 
tumor cells) and 4 (>75% positive tumor cells). 
The intensity of staining was graded according 
to the following criteria: 0 (no staining), 1 (weak 
staining = light yellow), 2 (moderate staining = 
yellow brown) and 3 (strong staining = brown). 
The staining index was calculated as the prod-
uct of the proportion of positive cells times the 
staining intensity score (range from 0 to 12). 
Cutoff values for CISD2 were chosen on the 
basis of a measure of heterogeneity using the 
log-rank test with respect to overall survival 
(OS). An optimal cutoff value was identified as 
follows: A staining index score of ≥6 was used 
to define tumors with high CISD2 expression 
and ≤4 indicated low CISD2 expression [20].

Vectors and retroviral infection

To silence endogenous CISD2, two ShRNA oli-
gonucleotides were cloned into the pSuper-ret-
ro-puro vector to generate pSuper-retro-CISD2-
ShRNA(s), respectively. Retroviral production 
and infection were performed as previously 
described [21]. The cloning primers and ShRNA 
oligonucleotides used were performed as previ-
ously described [16, 22]. The stable HCC cell 
lines, including SK-Hep1 and HepG2, express-
ing CISD2 shRNA, were selected for 10 days 
with 0.5 μg/ml puromycin 48 h after infection. 
After 10-day selections, the cell lysates pre-
pared from the pooled population of cells in 
sample buffer were fractionated on sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis for the detection of CISD2 protein level.

MTT viability assay

The viability of the cells was assessed by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-

zolium bromide (MTT, Sigma-Aldrich, St. Louis, 
MO) assay. A total of 1×103 cells per well were 
plated in 96-well with triplicate wells for each 
transfection, and incubated for 24 h in 100 ml 
culture media. MTT (500 mg/ml) was added to 
the cells and cultivated for another 4 h. After 
the medium was aspirated, the cells were dis-
solved by dimethyl sulfoxide (Sigma-Aldrich, St. 
Louis, MO). Absorbance of the formazan prod-
uct was measured by an enzyme-linked immu-
nosorbent assay reader. Each assay was repe- 
ated three times.

Anchorage-independent growth ability assay 

Five hundred cells were trypsinized and sus-
pended in 2 ml complete medium plus 0.3% 
agar (Sigma). The agar-cell mixture was plated 
on top of a bottom layer with 1% complete 
medium agar mixture. After 10 days, viable col-
onies that contained 50 cells or were larger 
than 0.5 mm were counted. The experiment 
was performed for three independently times 
for each cell line.

Colony formation assay

Cells were plated in 6-well plated (5×102 cells) 
and cultured for 10 days. The colonies were 
stained with 1% crystal violet for 30 seconds 
after fixation with 4% formaldehyde for 5 min-
utes. Colonies were counted and the results 
were shown as the fold change compared to 
vector control cells.

Xenografted tumor model

Male BALB/c nude mice (5~6 weeks of age, 
18~20 g) were purchased from the Vital River 
Laboratories (Beijing, China), and were housed 
in barrier facilities on a 12-hour light/dark 
cycle. All experimental procedures were app- 
roved by the Institutional Animal Care and Use 
Committee of Sun Yat-sen University. The 
BALB/c nude mice were randomly divided into 
6 groups (n=6/group). The stable cells (5×106) 
including ShRNA-vector, CISD2 shRNA1 and 
2-transduced, Sk-Hep1 and HepG2 cells were 
injected subcutaneously into the dorsal right 
flank of ten groups of 4-week old female Balb/c 
nude mice, respectively [23]. Tumors were 
examined twice weekly; length and width mea-
surements were obtained with calipers, and 
tumor volumes were calculated using the equa-
tion (L×W2)/2. On day 30, animals were killed; 
tumors were excised, weighed. 
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Results

Elevated expression of CISD2 in hepatic can-
cer cells and tissues at both mRNA and pro-
tein levels

The expressions of both the CISD2 protein and 
mRNA were markedly up regulated in multiple 
hepatic cancer cell lines, including Huh7, SK- 
Hep1, Hep3B, HepG2, MHCC-97L, and SNU- 
423 in comparison with those in the normal 
liver cell line L02 (Figure 1A, 1B). Furthermore, 
comparative analysis showed CISD2 protein 
levels were differentially up regulated more 
than 2-fold in all eight hepatic cancer samples 
compared with the matched normal ANT (Figure 
2A). Moreover, qPCR analysis revealed that the 
mRNA expression level of CISD2 was also over 
expressed in HCC tissues compared with that 
in the paired normal ANT (Figure 2B). CISD2 up 
regulation in these clinical samples was further 
verified by IHC analysis (Figure 2C). As shown in 
Figure 2C, CISD2 was highly expressed in HCC 
tissues. In contrast, no signals or only weak sig-

pression is summarized in Table 1. However, 
there was no apparent relationship between 
CISD2 expression and other clinicopathological 
parameters, including serum level of alpha feto-
protein (AFP) (≥200 ng/ml), differentiation sta-
tus (Edmondson grade), liver cirrhosis, tumor 
encapsulation, and vascular invasion (All P> 
0.05). 

High CISD2 expression is significantly associ-
ated with poor prognosis of patients with HCC

Kaplan-Meier analysis and the log-rank test 
were used to calculate the effect of CISD2 
expression on survival. The log-rank test sho- 
wed that the survival time was significantly dif-
ferent between the low and high CISD2 expres-
sion groups. Moreover, Kaplan-Meier survival 
curves and the log-rank test survival analysis 
showed the overall survival of patients with 
high levels of CISD2 was significantly poorer 
than patients with low levels of CISD2 (P<0.001 
Figure 2D). The cumulative 5-year survival rate 
was 46.2% (95% CI 39.1-49.9%) in the low 

Figure 1. Overexpression of CISD2 mRNA and protein in HCC cell lines. 
Western blotting (A) and qPCR (B) examined the expression of CISD2 
mRNA and protein in HCC cell lines (Huh7, SK-Hep1, Hep3B, HepG2, 
MHCC-97L and SNU423) and human hepatocyte cells (L02). Expression 
levels were normalized against α-Tubulin, respectively. Error bars rep-
resent the standard deviation of the mean (SD) calculated from three 
parallel experiments. *P<0.05.

nals were detected in the ma- 
tched adjacent noncancerous tis-
sues. Taken together, our results 
indicated CISD2 was upregulated 
in hepatic cancer.

CISD2 expression and the clinical 
characteristics of HCC

To confirm the prognostic signifi-
cance of CISD2 for the early diag-
nosis and prediction of outcome 
in HCC, we analyzed the correla-
tion between expression of CISD2 
and clinicopathological and sur-
vival parameters. An immunohis-
tochemistry analysis revealed 
that CISD2 was abundantly accu-
mulated in the cytoplasm of 
hepatic cancer cells. Statistical 
analysis revealed CISD2 levels 
were strongly expressed in 55.6% 
(109/196) of patients with HCC 
and was strongly associated with 
tumor size (P=0.001), number of 
tumors (P=0.003), surgical mar-
gin (P=0.006), hepatitis B surface 
antigen (HBsAg) infection (P= 
0.002) (Table 1). The relationship 
between the clinicopathological 
features of HCC and CISD2 ex- 
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Figure 2. Overexpression of CISD2 mRNA and protein in 
primary HCC tissues. A. Western blotting of CISD2 protein 
expression in eight pairs of matched HCC cancer (T) and ad-
jacent nontumor liver tissues (ANT). B. Average T/N ratios of 
CISD2 mRNA expression in paired liver cancer (T) and adja-
cent noncancerous tissues (N) were quantified using qPCR 
and normalized against α-Tubulin. Error bars represent the 
standard deviation of the mean (SD) calculated from three 
parallel experiments. C. Immunohistochemical assay of 
CISD2 protein expression in eight pairs of HCC tissues. D. 
Kaplan-Meier curves with univariate analyses (log-rank) for 
HCC patients with low CISD2 expression versus high CISD2 
expression. The cumulative 5-year survival rate was 46.2% 
in the low CISD2 protein expression group (n=87), but only 
24.5% in the high-expression group (n=109) *P<0.05.

CISD2 group, whereas it was only 23.5% (95% 
CI 19.7-28.5%) in the high CISD2 group.

Further univariate and multivariate analyses 
were employed to compare the associations of 

CISD2 expression with other clinicopathologi-
cal parameters. The Cox regression model re- 
vealed CISD2 expression (relative risk: 1.630, 
CI 1.050-2.876, P=0.025), tumor size (relative 
risk: 1.207, CI 1.031-1.419, P=0.016), surgical 
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margin (relative risk: 1.669, CI 1.047-2.587, 
P=0.019) and recurrence (relative risk: 3.264, 
CI 1.543-6.430, P=0.008) were independent 
prognostic factors that influenced survival 
(Table 2). Thus, CISD2 may be a useful maker 
for predicting the overall survival of HCC 
patients. Collectively, these data demonstrated 
CISD2 was linked to the clinical progression of 
HCC and might represent a valuable prognostic 
marker for HCC.

CISD2 promotes HCC proliferation in vitro

Since CISD2 protein was overexpressed in 
SK-Hep1 and HepG2 cells. We infected SK- 
Hep1 and HepG2 cells with empty vector alone 
and the two shRNAs that suppressed endoge-
nous CISD2 expression stably, and then mea-
sured the effect of loss of CISD2 on prolifera-
tion. Since the shRNA vector contained a puro-
mycin resistance gene, we created the stable 
cell lines and first measured the expression of 
CISD2. As expected, both short hairpins RNA1/ 
2 (shRNAs) effectively knocked down the level 
of endogenous CISD2 protein in the CISD2-
silence SK-Hep1 and HepG2 cells (Figure 3A). 
To investigate the effect of CISD2 expression 
on cell proliferation, we assessed the prolifera-
tion rates of shRNA-vector cells and CISD2-
silenced SK-Hep1 cells and HEPG2 cells with 

MTT assays (Figure 3B). The silence of CISD2 
drastically reduced the proliferation rate of 
cells infected with CISD2-siRNA compared with 
the rate of the control cells at days 5 (P<0.05) 
(Figure 3B). In consistence with these results, 
colony formation assays were dramatically 
inhibited by the ablation of CISD2 expression, 
where the proliferation rate of CISD2 silenced 
SK-Hep1 and HepG2 cells was significantly 
lower than the corresponding vector-control 
cells (Figure 3C). Moreover, In order to further 
confirm the aforementioned results, depletion 
of endogenous CISD2 in the stabled SK-Hep1 
cells and HepG2 cells also caused significant 
inhibition of their anchorage-independent gro- 
wth ability, as indicated by reduction in colony 
number and colony size on soft agar (P<0.05, 
Figure 3D).

CISD2 promotes the tumorigenicity of HCC in 
vivo

On the foundation of the results in vitro assays, 
the biologic role of CISD2 in HCC progression 
was further examined using an in vivo tumor 
model to determine whether CISD2 expression 
could enhance the tumorigenicity of HCC in 
vivo. As shown in Figure 4A, the tumors formed 
by SK-Hep1/CISD2-ShRNA and HepG2/CISD2-
ShRNA cells grew at a dramatically slower rate 

Table 2. Univariate and multivariate analyses of various prognostic parameters in patients with he-
patic cancer Cox-regression analysis

5 year survival
Low expression 46.2% (39.1%~49.9%)
High expression 23.5% (19.7%~28.5%)

No. patients
Univariate analysis Multivariate analysis

P Regression coefficient (SE) P Relative risk 95% confidence 
interval

CISD2
    Low expression 87

0.029 0.248 (0.243) 0.025 1.630 1.050-2.876
    High expression 109
Tumor size
    <5 cm 50

0.003 0.112 (0.075) 0.016 1.207 1.031-1.419
    ≥5 cm 146
Surgical margin
    <1 cm 82

0.015 0.256 (0.241) 0.019 1.669 1.047-2.587
    ≥1 cm 114
One year Recurrence
    No 148

0.007 0.237 (0.211) 0.008 3.264 1.543-6.430
    Yes 48
CISD2 protein expression level in hepatic cancer significantly correlated with patient survival time (P<0.001); the correlation 
coefficient was -0.252 (-0.251), indicating that higher levels of CISD2 expression correlated with shorter survival time. 
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than shRNA-vector SK-Hep1 and HepG2 tu- 
mors. Additionally, the CISD2–silenced SK- 
Hep1 tumors were smaller, in both size and 
weight, than the control SK-Hep1 tumors 
(Figure 4B, 4C). Similarly, the tumors formed by 
shRNA-vector HepG2 cells were larger and had 
higher tumor weights than the tumors formed 
by CISD2-silenced HepG2 cells (Figure 4B, 4C). 
Collectively, these results were consistent with 
the data in vitro and suggest that CISD2 plays a 
significant role in the tumorigenicity of HCC 
cells in vitro and in vivo.

Discussion

A recapitulation of our results, we first detected 
the expression of CISD2 in 196 cases of clinical 
paraffin-embedded HCC tissues, 6 HCC cell 
lines and 8 matched clinical fresh HCC tissues. 
IHC results showed that the positive signaling 
of CISD2 was observed in the cytoplasm of 
hepatocytes. Moreover, CISD2 was up regulat-
ed in six HCC cell lines as well as in 8 matched 
clinical fresh tissues at both the mRNA and pro-
tein levels. Furthermore, our study provided the 
first evidence that high expression of CISD2 
protein was correlated with recurrence and 
poor prognosis in HCC. Additionally, the immu-
nostaining analysis showed that the expression 
level of CISD2 protein in histological sections 
was also significantly correlated with tumor 
size, number of tumors, surgical margin and 
even reduced survival time of patients with 
HCC. Multivariate analysis revealed that CISD2 
expression might be an independent prognos-
tic indicator of survival in HCC patients. In addi-
tion to indicating the clinical significance of 
CISD2, we also illustrated that down-expres-
sion of CISD2 in HCC cells significantly sup-
pressed tumor proliferation in vitro and in vivo. 
The effective suppression of CISD2 expression 
reduced HCC cells proliferation in vitro accord-
ing to the results of MTT assays, anchorage-
independent growth ability assays and colony 
formation assays, and then further inhibited 
tumorigenesis and tumor progression in vivo. 

According to these findings, we considered that 
CISD2 had the potential to act as a novel pre-
dictor for the prognosis of HCC.

Hepatocellular carcinoma (HCC) is one of the 
most lethal malignancies worldwide [24]. Alth- 
ough numerous biomarkers have been studied 
in past decades, the serological detection of 
HCC recurrence mainly relies on the traditional 
marker AFP [25, 26], functioning as a tool for 
risk assessment, diagnostic index, and prog-
nostic surveillance. However, the positive pre-
dictive value (PPV) of AFP is not satisfied [27]. 
Furthermore, as the secreted proteins originat-
ed from tumors, AFP does not possess thera-
peutic value for HCC patients. In attempting to 
determine the molecular mechanisms of 
human cancers over recent decades, scientists 
have highlighted a few candidate molecular 
markers for early detection. New biomarkers in 
hepatocellular carcinoma, such as des-c-car-
boxyprothrombin (DCP), glypican 3, osteopon-
tin, and Golgi protein 73 (GP73), have been 
identified and demonstrated to be of some 
clinical utility [28-31]. Although early studies 
explored the potential of vitamin K2, retinoid, 
chemotherapy, and recently, sorafenib, none of 
the studies reported successful outcomes [24]. 
So far, there is no promising biomarker pos-
sessing both prognostic and therapeutic value 
for HCC patients [32]. In our study, multivariate 
analysis revealed that CISD2 expression might 
be an independent prognostic indicator of sur-
vival in HCC patients. According to recent 
advancements in imaging modalities and due 
to the prevalence of surveillance systems for 
hepatocellular carcinoma (HCC), early detec-
tion of HCC has been achieved, and the propor-
tion of patients who can receive surgical resec-
tion is increasing. Although tumors seem to be 
treated completely, recurrence of HCC has 
been frequently observed at an annual inci-
dence rate of approximately 20%, and 5 years 
after surgery, 70% of cases are complicated by 
tumor recurrence, comprising true recurrence 
[33]. To achieve long survival of patients with 

Figure 3. CISD2 plays a key role in HCC cell proliferation and tumorigenicity in vitro. A. Western blotting analysis of 
CISD2 expression in the ShRNA-vector, CISD2-silenced, SK-Hep1 and HepG2 cells. α-Tubulin was used as a loading 
control. B. MTT assay indicated that the growth rate decreased in CISD2-silenced cells compared with that in ShR-
NA-vector cells. The absorbance at day 1-5 was normalized to the absorbance at day 0 used as control (100%). C. 
Colony formation assays show that growth rates are decreased in CISD2-silenced cells. The number of colonies was 
quantified in the colony formation assay. Each bar represents the mean ± SD of three independent experiments. D. 
Anchorage-independent growth assays of CISD2-silenced cells and ShRNA-vector cells. The number of colonies with 
a diameter larger than 0.1 mm was quantified after 10 days of culture. *P<0.05.
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Figure 4. Downregulation of CISD2 repressed proliferation and tumorigenicity in vivo. Effect of CISD2 on tumor 
formation in nude mouse xenograft model. A. Subcutaneous tumor growth curve of CISD2 shRNA#1 and #2-trans-
duced SK-Hep1 and HepG2 cells in nude mice was compared with ShRNA-vector SK-Hep1 and HepG2 cells in nude 
mice (n=6). Tumor volumes were measured on the indicated days. B. A representative picture of tumor growth 
in nude mice subcutaneously inoculated with ShRNA-vector, CISD2 shRNA#1 and #2-transduced, SK-Hep1 and 
HepG2 cells. C. Mean tumor weights. Each bar represents the mean ± SD of three independent experiments. 
*P<0.05.
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HCC, detection and suppression of recurrence 
is mandatory [34]. Multivariate analysis showed 
that a tumor diameter >5 cm, the absence of a 
tumor capsule and the presence of microvascu-
lar invasion were correlated with early recur-
rence, whereas cirrhosis and alpha-fetal pro-
tein >400 μg/l were independent risk factors 
contributing to late recurrence [35]. Additionally, 
HBV reactivation was also reported as a major 
risk factor for HCC recurrence [36-38]. As treat-
ment strategies are very limited for recurrent 
liver cancer, the upregulated CISD2 identified in 
our study is a potential marker and target for 
formulating treatment strategies. In this study, 
in patients who demonstrated high expression 
of CISD2, but were not detected with surgical 
margin invasion, the 5 recurrent rate reached 
78.9%, whereas the rate of recurrence was only 
58.6% (P<0.05) in the group of low expression 
of CISD2. Moreover, the recurrence rates at 
one year in patients with CISD2 over expression 
and under expression (36.7% and 9.1%, respec-
tively) indicated that HCC recurrence is more 
likely to occur in patients with over expressed 
CISD2. Given that the reported potential bio-
markers in HCC patients were limited to a cer-
tain extent, it was highly likely that the “real” 
accuracy of predicting the 5-year recurrent rate 
by investigating CISD2 expression level could 
be as high 78.9%. 

Previous independent studies have demon-
strated that over expression of CISD2 could act 
as a novel diagnostic or therapeutic target in 
breast cancer and cervical cancer [16, 17]. 
Interestingly, CISD2 as a multifunctional mem-
ber of the iron sulfur (FeS) proteins family [13] 
was also amplified in breast cancer, while inhib-
iting CISD2 can significantly suppressed the 
growth of the breast cancer cells, suggesting 
that CISD2 a promising mitochondrial target for 
cancer therapy with the diagnostic and prog-
nostic significances in breast cancer [16]. The 
significant suppression of the breast cancer 
cell proliferation and tumor growth resulted 
from down-regulation of CISD2, the mechanism 
of which is associated with damage to the mito-
chondria. Additionally, another report had pro-
vided the evidence that high expression of 
CISD2 protein was correlated with poor progno-
sis and pelvic lymph node metastases in early-
stage cervical cancer through the clinical analy-
sis [17]. Consistent with these reports, we 
found that CISD2 was significantly up regulated 

in HCC cell lines and tissues compared with the 
L02 cells and their matched adjacent normal 
tissues, respectively, and was strongly corre-
lated with number of tumors and recurrence in 
clinical samples of HCC (P<0.001; P=0.001, 
respectively). In addition, we demonstrated 
that silencing CISD2 decreased the cells prolif-
eration, tumorigenesis and tumor progression 
of HCC in vivo and in vitro. Suppressing CISD2 
resulted in diminished spare respiratory capac-
ity of mitochondria and enhanced glycolytic 
activity, whereas CISD2 over expression led to 
an increased spare respiratory capacity of 
mitochondria and decreased glycolytic activity 
in cancer cells [16]. Moreover, suppression of 
CISD2 expression resulted in decreased mito-
chondrial membrane potential, increased mito-
chondrial iron levels, increased mitochondrial 
accumulation of ROS and activated autophagy. 
Thus, we also indicated that the expression of 
CISD2 has an important influence on the devel-
opment of HCC tumor and function through the 
mitochondria. The oncogenic potential of CISD2 
was not only correlated with recurrence and 
poor prognosis in HCC but also suggested by its 
ability to promote HCC cell proliferation and 
tumor growth in vitro and in vivo. All these find-
ings indicate that CISD2 was associated with 
the aggressive biological behavior of HCC cells 
and it might be a potential biomarker for HCC 
diagnosis and prognosis [39]. 

The molecular mechanism of CISD2 expression 
in HCC cells also deserves further exploration. 
As mentioned above, CISD2 was involved in the 
progression of breast cancer by regulating 
mitochondrial function. Recently, studies sho- 
wed that mitochondria play an important role in 
the transformation process of cells, including 
the biosynthetic and energetic metabolism of 
cancer cells, and were involved in the modula-
tion of apoptosis and autophagy [40, 41]. 
Consequently, we indicated that CISD2 also 
worked in HCC cells by mediating mitochondria 
function or some kind of pathway that related 
to mitochondria. As previous reported [16], the 
proliferation of breast cancer cells was signifi-
cantly influenced by mitochondria-related au- 
tophagy. At the same time, in another study 
CISD2 was found to be related to invasion and 
metastasis, and autophagy was a double-
edged sword in tumor metastasis [42]. There- 
fore, another mechanism might be involved 
since mitochondria-related autophagy alone 
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was not sufficient to explain CISD2’s involve-
ment in invasion and metastasis. Some studies 
reported that mitochondrial homeostasis was 
essential for the regulation of bioenergetics, 
cell proliferation, cell death and autophagy 
[43]. Liu et al [17] hypothesized that CISD2, 
which is primarily located on the mitochondria, 
might modulate BCL2 to inhibit the mitochon-
dria-mediated apoptosis pathway in cancer 
cells. CISD2 inhibition of apoptosis in HCC cells 
might facilitate cell proliferation and tumorgen-
esis. That might be the cause of CISD2’s asso-
ciation with tumor genesis and progression in 
HCC. In addition, some studies demonstrated 
that many mutations that increase the activity 
of nuclear factor-κB (NF-κB) transcription fac-
tors (for example, Ras) could enhance the 
expression of BCL2 [44, 45]. Mayo et al [44] 
reported that NF-κB could activate BCL2. Thus, 
NF-κB as the upstream factor for BCL2 controls 
BCL2 protein expression. In addition, constitu-
tive NF-κB activation in HCC cancer is correlat-
ed with tumor progression and aggression, as 
well as poor prognoses [45]. Recent studies 
showed that NF-κB was involved in inducing 
hepatocarcinogenesis in HCC, which might 
enhance cancer cell proliferation and promote 
tumor progress [45-47]. Accordingly, we thou- 
ght that CISD2 might also be associated with 
the upstream control of BCL2 and NF-κB. 
Perhaps the NF-κB pathway was involved in the 
hepatocarcinogenesis induced by CISD2. The 
detail mechanism of CISD2’s association with 
NF-κB requires further investigation.

Conclusion

In conclusion, we have demonstrated an impor-
tant role for CISD2 in HCC, where it was remark-
ably associated with poor prognosis, promoted 
proliferation and enhanced progression of HCC. 
Future studies, which were already underway in 
our laboratory, should address the detailed 
molecular mechanisms underlying the role of 
CISD2 in the carcinogenesis and the exact rela-
tionship between CISD2 and recurrence of 
HCC.
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