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Abstract. – OBJECTIVE: To explore roles 
of CDGSH iron-sulfur domain-containing pro-
tein 2 (CISD2) in the progression of prostate 
cancer (PCa) cells, and relationships between 
CISD2 expression and the prognosis and clini-
cal pathological parameters in PCa patients.

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
analysis and Western blot analysis were used to 
detect the CISD2 expression in PCa tissues and 
cells. CISD2 siRNA was used to inhibit the CISD2 
expression. Kaplan-Meier method and Log rank 
analysis were performed to determine survival 
analysis while Chi-square test was performed 
to analyze the association between CISD2 and 
clinicopathological parameters of PCa patients. 
Transwell assay and wound healing assay was 
conducted to examine the invasion and migra-
tion ability of PCa cells, respectively. 

RESULTS: CISD2 was up-regulated in PCa tis-
sues and cells, and showed positive associa-
tion with the poor prognosis, T stage, lymphat-
ic invasion, prostate-specific antigen (PSA) lev-
el, and distant metastasis of PCa patients. Be-
sides, we found that inhibition of CISD2 signifi-
cantly impaired the migration and invasion abil-
ity of PCa cells.

CONCLUSIONS: The paper demonstrated that 
CISD2 could act as a new target for the diagno-
sis and treatment of PCa patients.
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Introduction

Prostate cancer (PCa) is the most common 
malignant tumor of the male reproductive system, 
and its incidence varies greatly among different 
countries and regions1. Generally, the incidence 
rate in developed countries and regions is con-
siderably higher than that in developing countries 

and regions, which was closely related to the 
local economic level, lifestyle, and diet structure. 
At present, treatment of PCa, including external 
radiotherapy, prostatectomy, and brachytherapy, 
and the 5-year survival rate of PCa was acceptable 
among most countries2-6. However, it remains a 
severe challenge around the world due to its yearly 
increased incidence rate and recurrence rate7.

CDGSH iron-sulfur domain-containing pro-
tein 2 (CISD2), a member of the iron-sulfur 
protein family, is located on human chromosome 
4q248, which is an evolutionarily conserved gene 
mainly distributed in the mitochondrial outer 
membrane and endoplasmic reticulum9,10. In ad-
dition, CISD2 can interact with B-cell lymphoma 
2 (Bcl-2) and regulate autophagy and calcium ion 
homeostasis11, and modulate the levels of intra-
cellular iron and reactive oxygen species that are 
important factors of the proliferation of tumor 
cells and the progression of the diseases12,13. The 
expression level of CISD2 is remarkably upregu-
lated in some tumors such as early cervical can-
cer14, esophageal cancer15, primary hepatocellular 
cancer16, and gastric cancer17, and often predicts 
poor prognosis18,19.

In view of the fact that there is still no literature 
reporting the role of CISD2 in PCa progression, 
we thus systematically analyzed the expression 
of CISD2 in PCa tissues and explored the rela-
tionship between CISD2 and clinic pathological 
features of PCa patients, as well as the effect of 
CISD2 on PCa cells.

Patients and Methods

Tissue Collection
A total of 52 pairs of PCa tissue and adjacent 

normal tissues were obtained from PCa patients 
undergoing surgery in The First Affiliated Hospi-
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tal, School of Medicine, Zhejiang University, and 
normal tissues adjacent to PCa were taken as con-
trol specimens. The diagnosis was determined 
by two pathologists according to the relevant 
diagnostic criteria in the WHO prostate histology 
classification. The collection of tissue samples 
and clinical case data was approved by the patient 
(family) and approved by the Ethics Committee 
of The First Affiliated Hospital, School of Medi-
cine, Zhejiang University.

Cell Culture 
Human PCa cell lines DU145, PC3, VCaP, 

and prostate immortalized normal epithelial cells 
RWPE cells were purchased from the Ameri-
can Type Culture Collection (ATCC) cell bank 
(Manassas, VA, USA). The cells were cultured 
in Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium (HyClone, South Logan, UT, 
USA) containing 10% fetal bovine serum (FBS; 
HyClone, South Logan, UT, USA) at 37°C with 
5% CO2. When the density reached 80%, the 
cells were gently washed with phosphate-buffered 
saline (PBS), and digested with 1 ml of trypsin. 
Then, 2 mL of medium (containing 10% FBS) 
were added to terminate the digestion. The cell 
suspension was then centrifuged at 1000 rpm for 5 
min. Finally, the cells were suspended with fresh 
medium, and plated in 6 cm dish with a ratio of 1:3.

Cell Transfection
Cells were digested and counted, and a total of 

1 x 104 cells were planted in a 6-well plates. When 
the density reached 50%, the transfection system 
(8 μL lipo3000 + 16 μL CISD2-siRNA/NC+100 
μL medium) was mixed, allowed to stand at room 
temperature for 10 min-15 min, and then added 
to the plate. After 6 h, the complete medium was 
replaced, and cells underwent transfection were 
used for following assay.

Wound Healing Assay
After 48 h of transfection, the cells in the 

6-well plate were quickly scratched with a 100 μL 
tip perpendicular, then washed with PBS for three 
times. Thereafter, the cells were replaced with 
serum-free medium and cultured in a 37°C, 5% 
CO2 incubator for 24 h. Later, the scribe region 
was photographed, the width was measured, and 
statistical analysis was performed.

Cell Invasion Assay
The cells were digested and counted, resus-

pended in 200 μL of serum-free medium, then 

added to a normal transwell chamber/pre-coated 
chamber, and 500 μL of complete medium was 
added to the small outdoor side. After culture for 
24 h, cells in the small outdoor side hole were 
fixed with 500 μL of 10% paraformaldehyde 
solution at room temperature for 15 min, then 
stained with crystal violet solution for 5 min. Af-
ter drying, the number of cells was counted and 
observed under an inverted microscope.

RNA Extraction and Analysis
The cells were washed with pre-cooled PBS 

and lysed with 500 ml TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA). The purity and concen-
tration of RNA samples were measured by absor-
bance at 260 nm using Nanodrop-2000. Primers 
in the study were as follows: CISD2 Forward: 
5’-GCAAGGTAGCCAAGAAGTGC-3’, Reverse: 
5’-CCCAGTCCCTGAAAGCATTA-3’, GAPDH 
Forward: 5’-TTGAGGTCAATGAAGGGGTC-3’, 
Reverse: 5’-GAAGGTGAAGGTCGGAGTCA-3’. 
The PCR procedure was performed according to 
the SYBR Green reagent instructions: pre-dena-
turation: 95°C for 10 min; PCR reaction: denatur-
ation: 95°C 15 s, annealing: 60°C 60 s, extension: 
72°C 30 s, for 40 cycles. Three replicate wells 
were set for each sample, and the expression level 
of GAPDH was set as an internal reference, using 
the 2-ΔΔ CT method for data processing.

Western Blot Analysis
For Western blot, 200 μL of cell lysis buf-

fer (prepared with radioimmunoprecipitation 
assay (RIPA) and phenylmethylsulfonyl fluo-
ride (PMSF) at a ratio of 100:1) (Beyotime, 
Shanghai, China) was added to each well and 
lysed on ice for 15 min. Then, the lysate was 
collected and centrifuged at 12,000 rpm and 
4°C for 15 min. The protein concentration was 
detected according to the instructions of a bi-
cinchoninic acid (BCA) protein quantification 
kit (Pierce, Rockford, IL, USA). Thereafter, 30 
μg of protein samples were successively added 
to the sample wells and transferred to a polyvi-
nylidene difluoride (PVDF) membrane that was 
appropriately sized and activated by methanol 
(Millipore, Billerica, MA, USA) at 4°C and 
constant current (217 mA) for 2 h. After that, 
the membrane was blocked with 5% skim milk 
powder at room temperature for 1 h, washed 
once with tris-buffered saline with Tween®20 
(TBST), incubated with diluted primary anti-
bodies on a shaker at 4°C overnight. Thereafter, 
the PVDF membrane was washed with TBST 
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on the shaker for 10 min ×3 times, incubated 
with secondary antibodies (diluted with 5% 
skim milk powder) in an incubator at 37°C for 
30-40 min. Lastly, the membrane was added 
with enhanced chemiluminescence (ECL) liq-
uid and exposed in an imaging system.

Statistical Analysis
Statistical analysis was performed using 

GraphPad Prism 7.0 software (La Jolla, CA, 
USA). Differences between two groups were 
analyzed by Student’s t-test. Comparison among 
multiple groups was analyzed using One-way 
ANOVA test followed by post-hoc test (Least 
Significant Difference). Survival analysis was 
performed using the Kaplan-Meier method 
and Log rank analysis. Chi-square test was 
performed to analyze the association between 
CISD2 and clinicopathological parameters of 
PCA patients. p<0.05 was considered statistical-
ly significant.

Results

CISD2 was Highly Associated with
PCa Progression

Tumor tissues and adjacent tissues in PCa pa-
tients were collected for determining CISD2 mR-
NA expression. The qRT-PCR results showed that 
CISD2 was notably increased in PCa tissues and 
DU145, PC3, and VCaP cell lines compared to non-
PCa tissues and RWPE cell lines, respectively (Fig-
ure 1A, 1B). Next, we performed Kaplan-Meier sur-
vival analysis and log-rank testing, results showed 
that PCa patients with higher CISD2 expression 
had a poor overall survival compared with those in 
low-CISD2 group (Figure 1C). Collectively, these 
results indicated that CISD2 was highly involved in 
the progression of PCa.

Relationships of CISD2 with Clinical 
Pathological Features of PCa

To figure out the association between CISD2 
and clinic pathological parameters of PCa. We 

Figure 1. CISD2 was over-expressed in PCa tissues and cells. A, CISD2 was upregulated in PCa tissues compared to adjacent 
normal tissues. B, CISD2 was significantly upregulated in DU145, PC3 and VCaP cell lines than that in RWPE cell lines. C, High 
expression of CISD2 in PCa patients predicted a poor prognosis. (**p<0.01, ***p<0.001).
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divided the patients into two groups: CISD2 
high-expression group (n=26) and CISD2 low-ex-
pression group (n=26) according to the middle 
expression level of CISD2. Using Chi-square test, 
we then found that CISD2 was positively associ-
ated with the T stage, lymphatic invasion, PSA 
level, and distant metastasis of PCa (Table I).

Knockdown of CISD2 Inhibited the 
Migration Ability of PCa Cells

To further investigate the relationship be-
tween CISD2 and PCa migration, we transfected 
CISD2-siRNA in DU145 and PC3 cell lines. As 
shown in Figure 2A, B, DU145, and PC3 cells 
underwent CISD2-siRNA treatment showed sig-
nificantly reduced CISD2 expression detected by 
qRT-PCR and Western blot, respectively. Then, 
we performed transwell assay and observed that 
both the DU145 and PC3 cells in si-CISD2 group 
showed an impaired migration ability than that in 
NC group (both p<0.001, Figure 2C-2F).

Inhibition of CISD2 Reduced the 
Invasion Ability of PCa Cells

To determine whether CISD2 influenced the 
invasion ability in DU145 and PC3 cell lines, the 
wound healing assay was conducted. As shown 
in Figure 3A-3D, when CISD2 was inhibited in 
DU145 and PC3 cells, the wound healing rate in 
both of them significantly decreased, with 64.33 
± 4.91% in DU145 NC group compared to 27.67 
± 1.202% in DU145 si-CISD2 group (p<0.01) and 
71 ± 1.732% in PC3 NC group compared to 34.33 
± 3.383% in PC3 si-CISD2 group (p<0.01).

Discussion

PCa is regarded as a common non-skin ma-
lignant tumor, which is the leading cause of can-
cer-related mortality all over the world20. It should 
be noted that the development and progression 
of PCa vary in individuals, which is one of the 
reasons for its high heterogeneity21,22. Given this, 
comprehensively and deeply analyzing the mo-
lecular basis of the development and progression 
of PCa, as well as combining gene molecular 
type with clinical pathological grade and stage 
may accurately classify the subtypes of PCa, thus 
improving targeted therapy, treatment response 
prediction, and prognosis evaluation.

As a member of the iron-sulfur protein fam-
ily, CISD2 is a 2Fe-2S dimer mainly expressed 
in the endoplasmic reticulum and mitochon-
drial membrane9. It is capable of keeping the 
integrity of mitochondria and modulating au-
tophagy, calcium ion, and iron ion homeostasis 
and reactive oxygen species level23-25. Several 
studies have illustrated that CISD2 was wildly 
participated in cancer progressions. Li et al18 
have revealed that CISD2 was highly expressed 
in lung cancer cells and promoted the prolifer-
ation of lung cancer cells and the growth of the 
tumor by maintaining mitochondrial structure 
and function stability. Kim et al15 reported that 
inhibiting CISD2 protein expression was able 
to reduce c-Myc protein expression and Bcl-2/
Bax ratio, thereby repressing the proliferation 
ability of squamous-cell carcinoma. Besides, 
Sun et al26 demonstrated that CISD2 was in-

Table I. CISD2 expression and clinic pathological parameters of patients with PCa.

                                              CISD2 mRNA expression  

 Variable Low High p-value

Age (years)   0.573
  < 60  9 12 
  ≥ 60 17 14 
T stage   0.023*
  T1-T2 15  6 
  T3-T4 11 20 
Lymphatic invasion    0.005**
  No 19  8 
  Yes  7 18 
PSA level   < 0.001***
  < 4 20  7 
  ≥ 4  6 19 
Distant metastasis   0.004**
  No 16  5 
  Yes 10 21 
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creased in glioma cancers and predicted poor 
prognosis and aggressive tumor behavior. 

Considering the limited literature on the asso-
ciation between CISD2 and PCa, in this paper, we 
firstly determined the CISD2 expression in PCa 
tissues and the adjacent normal tissues. Similar 
with other reports, CISD2 was found notably 
up-regulated in cancer tissues26,27. In view of 
these, we collected patients’ information and an-
alyzed their prognosis with different expression 
manner of CISD2 by using Kaplan-Meier surviv-
al analysis and log-rank testing. Not surprisingly, 
we found a significantly poor overall survival in 
patients with higher CISD2 expression than those 

with low-CISD2 expression. Besides, results ana-
lyzed by Chi-square test even showed that CISD2 
was positively associated with the T stage, lym-
phatic invasion, PSA level, and distant metastasis 
of PCa patients, indicating its tightly involvement 
in the PCa progression.

To deeply investigate the effect of CISD2 on 
PCa cells, we transfected CISD2 siRNA in DU145 
and PC3 cell lines to inhibit the expression of 
CISD2, and then performed transwell assay and 
wound healing assay. Results in the transwell 
assay showed that the migration ability in DU145 
and PC3 cell lines after CISD2-siRNA treat-
ment was remarkably reduced than those without 

Figure 2. Knockdown of CISD2 inhibited the migration ability of PCa cells. A-B, DU145 and PC3 cells underwent CISD2-
siRNA treatment showed significantly reduced CISD2 expression detected by Western blot. C-D, DU145 cells transfected 
with CISD2-siRNA showed a decreased migration ability compared to un-treated DU145 cells (magnification: 40x). E-F, PC3 
cells under CISD2-siRNA treatment exhibited reduced migration ability compared to normal PC3 cells (magnification: 40x). 
(***p<0.001).
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treatment. Also, when the CISD2 expression was 
suppressed in DU145 and PC3 cell lines, both 
of their invasion ability decreased significantly, 
which was proofed by the wound healing assay. 
Collectively, these results further illustrated the 
role of CISD2 in the invasion and migration of 
PCa, consistent with the above analysis of the 
clinical and pathological features of PCa patients.

Conclusions

We revealed that CISD2 was upregulated in 
PCa tissues and cells, and its high level of ex-
pression not only predicted a poor prognosis in 
PCa patients, but also implied worse T stage, 
lymphatic invasion, PSA level and distant metas-
tasis. Besides, we demonstrated that CISD2 could 

promote the migration and invasion of PCa cells. 
Thus, CISD2 may expect to become a new target 
for the diagnosis and treatment of PCa.
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