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Prostate cancer (PCa) is a common malignant tumor of the male urinary system and ranks the second in the causes of tumor-
related deaths. Differential display code 3 (DD3) is a noncoding gene that is specifically expressed in PCa. High expression of
sperm-associated antigen 9 (SPAGY) is closely related to tumorigenesis of PCa, and SPAGY is a therapeutic target for PCa. In
this study, a new oncolytic adenovirus DD3-ZD55-SPAG9 was constructed by using DD3 promoter to enhance the efficacy
and safety of adenovirus. The combined use of DD3-ZD55-SPAG9 and docetaxel showed that DD3-ZD55-SPAGY significantly
improved the anti-tumor efficacy of docetaxel in PCa both in vitro and in vivo. The mechanism was related to the induction of
tumor cell apoptosis and the inhibition of tumor cell invasion. In conclusion, DD3-ZD55-SPAG9 combined with docetaxel is

an effective strategy for PCa therapy.

1. Introduction

Prostate cancer (PCa) is a common urinary system malig-
nancy in men, ranking the second in the causes of cancer-
related deaths [1, 2]. Due to the lack of early symptoms,
most local or distant metastases already exist at the time
of diagnosis. Relevant data showed that the 5-year survival
rate of patients with early local PCa is close to 100%, but
it will drop to below 30% for patients with distant metas-
tasis [3]. Surgery and radiotherapy are the main treatment
methods for early prostate cancer and achieve good thera-
peutic effects [4]. For advanced PCa, androgen deprivation
therapy (ADT) is currently the main treatment method,
including surgical castration or drug castration [5]. How-
ever, most patients will eventually develop castration-
resistant prostate cancer (CRPC) with poor prognosis [6].
Docetaxel (DTX) is a semisynthetic broad-spectrum pacli-
taxel antitumor drug for a variety of cancers, including
PCa, gastric cancer, liver cancer, breast cancer, and ovar-
ian cancer. Docetaxel- (DTX-) based chemotherapy is the
preferred treatment for CRPC in the guidelines [7]. How-

ever, high-dose use of DTX will cause patients to have
unbearable adverse reactions [8]. Therefore, it is necessary
to find new drug combinations for the treatment of CRPC.

Oncolytic adenovirus can specifically infect, proliferate,
and lyse tumor cells [9]. The virus released after cell lysis
can spread to local or distant metastatic tumor tissues, pro-
ducing amplification effect. The modified oncolytic adenovi-
rus can provide multiple cloning sites for the insertion of
therapeutic genes. Sperm-associated antigen 9 (SPAG9) gene
encodes 766 amino acids and can participate in the MAPK
signaling pathway through JNK structural homology to reg-
ulate cell activity [10]. SPAG is highly expressed in various
malignant tumor tissues such as PCa, renal cancer, breast
cancer, bladder cancer, and lung cancer [11-15]. Silencing
the expression of SPAGY in triple-negative breast cancer
and liver cancer effectively inhibited the proliferation and
migration of tumor cells [16, 17].

Differential display code 3 (DD3) is a noncoding gene
highly expressed in PCa tissues with little or no expression
in normal prostate tissues or other tumor tissues [18]. The
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FiGurek 1: The cytotoxicity of DD3-ZD55-SPAG9 on prostate cancer and normal prostate cells. (a) Different titers of DD3-ZD55-SPAG9
inhibited the proliferation of PC-3 cells. (b) Different concentration gradient of DTX inhibited the proliferation of PC-3 cells. (c)
Different titers of DD3-ZD55-SPAGY inhibited the proliferation of DU-145 cells. (d) Different concentration gradient of DTX inhibited
the proliferation of DU-145 cells. (e) Different combinations of treatment inhibited the proliferation of PC-3 cells. (f) Different
combinations of treatment inhibited the proliferation of DU-145 cells. (g) CCK-8 assay indicated the inhibition of WPMY-1 cell
proliferation by different treatments. Data were expressed as mean + SD (n = 3).

specificity and sensitivity of DD3 is higher than traditional
PCa markers [19]. DD3 promoter is a PCa-specific promoter
and restricts specific replication and propagation of oncoly-

specially knockdown SPAGY9 in PCa cells and examined
whether constructed DD3-ZD55-SPAG9 improved the effi-
cacy of DTX for PCa treatment in vivo and in vitro.

tic adenovirus in PCa, improving the safety and targeting of

oncolytic adenovirus therapy.

In this study, we used DD3 promoter specificity to con-
struct oncolytic adenovirus armed with SPAG9 shRNA to
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FiGgure 2: Continued.
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F1GURE 2: Combination treatment inhibited PCa cell migration and invasion. (a) The scratch wound healing assay of the migration of PC-3
cells (100x). (b) The scratch wound healing assay of the migration of DU-145 cells (100x). (c) Histogram of wound healing area (%) of
different treatment groups of PC-3 cells. (d) Histogram of wound healing area (%) of different treatment groups of DU-145 cells. (e)
Transwell assay of the invasion of PC-3 cells (200x). (f) Transwell assay of the invasion of DU-145 cells (200x). (g) Histogram of the
number of invasion cells of different treatment groups of PC-3 cells. (h) Histogram of the number of invasion cells of different treatment
groups of DU-145 cells. (i) Western blot analysis of E-cadherin, vimentin, and MMP-2 in PC-3 cells. (j) Western blot analysis of E-
cadherin, vimentin, and MMP-2 in DU-145 cells. (k) Quantitative analysis of E-cadherin levels in PC-3 and DU-145 cells. (1)
Quantitative analysis of vimentin levels in PC-3 and DU-145 cells. (m) Quantitative analysis of MMP-2 levels in PC-3 and DU-145 cells.
(1) PBS, (2) ZD55-EGFP, (3) DD3-ZD55-SPAGY, (4) ZD55-SPAGY, (5) DTX, and (6) DD3-ZD55-SPAG9+DTX. Data were expressed as
mean + SD (n=3). *p <0.05, **p <0.01, and ***p <0.001 compared to the DD3-ZD55-SPAG9+DTX group.

2. Materials and Methods

2.1. Cell Culture. Human prostate cancer cell lines PC-3 and
DU-145, human prostatic stromal myofibroblast cell line
WPMY-1, and human embryonic kidney 293 cell line
HEK-293 were purchased from the Institute of Biochemis-
try, Chinese Academy of Sciences, and cultured in RPMI-
1640 or DMEM (Gibco, MA, USA) supplemented with
10% fetal bovine serum in a humid incubator at 37°C with
5% CO,. DTX was provided by Jiangsu Hengrui Pharmaceu-
tical and stored at 4°C.

2.2. Construction of Adenovirus. DD3-ZD55 and ZD55-
EGFP viruses were provided by Jiangsu Key Laboratory of
Cancer Biotherapy. SPAG9 shRNA was designed and
inserted into DD3-ZD55 to construct recombinant adenovi-
rus DD3-ZD55-SPAG9 shRNA (named DD3-ZD55-SPAG9
for abbreviation). After extensive amplification in HEK-293
cells, recombinant virus was purified by adenovirus purifica-

tion mini kit (Biomiga, Inc.) and virus titer was determined
by QuickTiterTM adenovirus titer immunoassay kit (Cell
Biolabs, San Diego, CA, USA).

2.3. CCK-8 Assay. DU-145, PC-3, and WPMY-1 cells were
seeded in 96-well plates with 3,000 cells per well. Next, the
cells were treated with DTX with different concentration
gradients (0, 0.5, 1, 2, 4, and 6 ng/ml), DD3-ZD55-SPAG9
with different titers (0, 1, 10, 20, 50, and 100 MOI), PBS,
ZD55-EGFP (10 MOI), DD3-ZD55-SPAGY 10 MO],
ZD55-SPAGY 10 MOI, DTX 2ng/ml, and 5 MOI DD3-
ZD55-SPAG9+1 ng/ml DTX for 24h, 48h, 72h, and 96 h.
Cell viability was examined by using Cell Counting kit-8
(CCK-8; Dojindo Molecular Technologies, Inc., Japan).
Briefly, 10 ul of CCK-8 was added to each well. After incuba-
tion for 2h, microplate reader was used to measure the
absorbance at 450 nm.
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FiGure 3: Combined treatment promoted PCa cell apoptosis. (a) Hoechst 33258 staining of PC-3 cells (200x). (b) Hoechst 33258 staining of
DU-145 cells. (c) Histogram of apoptosis rate of different treatment groups of PC-3 and DU-145 cells. Data were expressed as mean + SD

(n=3).

2.4. Scratch Wound Healing Assay. PC-3 and DU-145 cells
were seeded in 6-well plates and grown to 70% confluency.
The pipette tip was used to gently scratch the cell monolayer.
The plates were then washed with PBS twice to wash off the
shed cells and then incubated in medium containing 1% fetal
bovine serum. The cells were pictured at 0 and 24h after
scratch under a microscope (Olympus, Japan). The wound
healing area (%) was calculated as the distance of the cell-
free area at 24h after scratch relative to that at Oh after
scratch.

2.5. Transwell Assay. PC-3 and DU-145 cells were added to
the upper chamber of the Transwell (Corning Costar;
Oneonta, USA), while the lower chamber was filled with
600 ul of RPMI 1640 medium containing 10% fetal bovine
serum. After incubation for 24 h, the cells were fixed with
95% methanol, stained with crystal violet for 20 min, and
photographed under the microscope to count the number
of invaded cells.

2.6. Hoechst 33258 Staining. Hoechst 33258 staining was
used to detect cell apoptosis. PC-3 and DU-145 cells were
seeded in 6-well plates, fixed with 4% paraformaldehyde,

*p<0.05, **p <0.01, and ***p < 0.001 compared to the DD3-ZD55-SPAG9+DTX group.

stained with Hoechst 33258 for 10 min, and washed with
PBS three times. The cells were photographed under a fluo-
rescence microscope to count the number of apoptotic cells.

2.7. Western Blot Analysis. The tumor cells and transplanted
tumor tissues were lysed on ice in RIPA buffer (Biyuntian,
Shanghai, China) containing 1% benzylsulfonyl fluoride
(PMSF) (Solaibao, Beijing, China). The lysates were sepa-
rated by SDS-PAGE and transferred to the membranes.
The membranes were then incubated with the antibodies
for SPAG91 (1:1000, Abcam, UK), E-cadherin (1:1000,
Abcam, UK), MMP-2 (1:1000, Abcam, UK), Vimentin
(1:1000, Abcam, UK), and GAPDH (1:1000, Abcam, UK)
overnight at 4°C and then incubated with secondary anti-
body at room temperature for 2h. Then, the protein band
was detected with ECL reagent, and the gray value of the
band was analyzed by Image] software.

2.8. Animal Experiments. Male BALB/c nude mice (4-6
weeks old) were provided by Cyper-Bikai Laboratory Ani-
mal Co., Ltd. (Shanghai, China), and all animal experimental
procedures were approved by Committee for Care and Use
of Laboratory Animals of Xuzhou Medical University. A
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FiGUre 4: Combination therapy inhibits xenograft tumor growth. (a) Pictures of nude mice and each groups of xenograft tumors. (b)
Growth curve of xenograft tumors in each group. (c) Histogram of tumor volume of each group on 28th day. Data were expressed as
mean+SD (n=5). *p<0.05 **p<0.01, and ***p<0.001 compared to the DD3-ZD55-SPAG9+DTX group. (d) HE staining of

xenografts of different groups (400x).

xenograft tumor model was established by subcutaneously
injecting 1 x 10° PC-3 cells into the back of the right thigh
of each mouse. The mice were randomly divided into 5
groups (n = 5): (1) PBS group: no treatment; (2) DTX group:
weekly intraperitoneal injection of DTX 10 mg/kg; (3) DD3-
ZD55-SPAGY group: intratumoral injection of DD3-ZD55-
SPAGY (1 x 10® pfu) every 3 days; (4) ZD55-SPAG9 group:
intratumoral injection of ZD55-SPAGY (1 x 10® pfu) every
3 days; (5) DD3-ZD55-SPAG9+DTX group: DTX (5mg/
kg) was injected intraperitoneally every week, and ZD55-
SPAG9 (5x 107 pfu) was intraperitoneally injected every 3
days. The tumor volume was measured on the 7th day after
the cells were seeded with PC-3 cells. Then, the tumor vol-
ume was measured every 7 days. After 28 days, all nude mice
were sacrificed. Tumor volume (TV) calculation formula TV
(mm?) =length x width? x 0.5.

2.9. Immunohistochemical Staining. The tumor sections were
dissected from mice, fixed in paraffin wax, and cut into
sections of 5um thick. The sections were blocked with
endogenous peroxidase activity with 3% hydrogen peroxide.
After 30 min incubation with blocking serum, sections were
incubated with antibodies for SPAGY (1:200, Abcam, UK),
E-cadherin (1:500, Abcam, UK), MMP-2 (1:500, Abcam,
UK), and Vimentin (1:500, Abcam, UK) overnight at 4°C.
The sections were stained by DBA kit (ZSGB-Bio, Beijing,
China) and observed with light microscope (Nikon DS-
Ril, Japan). The sections were also counterstained with
hematoxylin-eosin. Image] software was used to analyze the
score of immunohistochemical staining which was expressed
as mean density.

2.10. TUNEL Assay. The deoxyribonucleotide terminal
transferase-mediated nick end labeling kit (TUNEL, KGI,
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Figure 5: Combination therapy promoted tumor cell apoptosis in vivo. (a)TUNEL staining of xenografts of different groups (400x). (b)
Histogram of apoptosis rate of each group. Data were expressed as mean + SD (n=3). *p <0.05, **p <0.01, and ***p < 0.001 compared

to the DD3-ZD55-SPAG9+DTX group.

Nanjing, China) was used to detect apoptotic cells in tumor
tissues. Formalin-fixed, paraffin-embedded tumor samples
were cut into sections and treated with proteinase K for
15 min. The sections were incubated with terminal deoxynu-
cleotidyl transferase (TdT) and FITC-labeled streptavidin.
The nuclei were stained with DAPI and observed under fluo-
rescence microscope (Olympus, Japan).

2.11. Statistical Analysis. Data were expressed as mean + SD
and analyzed by SPSS 22.0 software. T-test was employed for
the comparison between two groups. One-way ANOVA was
employed for the comparison of multiple groups. P <0.05
was considered significant.

3. Results

3.1. DD3-ZD55-SPAG9 Combined with DTX Inhibited PCa
Cell Proliferation. CCK-8 assay showed that DD3-ZD55-
SPAG? inhibited the proliferation of PC-3 and DU-145 cells
in time- and concentration-dependent manner. After 48
hours of treatment with 10 MOI DD3-ZD55-SPAGY, the
viability of PC-3 cells decreased significantly compared to
PBS group (Figure 1(a)). DTX inhibited the proliferation of
PC-3 in a time- and concentration-dependent manner
(Figure 1(b)). Similar results were observed in DU-145 cells
(Figures 1(c) and 1(d)). Furthermore, the combined use of
DD3-ZD55-SPAGY with DTX effectively inhibited the pro-
liferation of PC-3 and DU-145 cells, with significant differ-
ence compared to other groups (Figures 1(e) and 1(f)).

To demonstrate that DD3-ZD55-SPAGY has cytotoxicity
only in prostate cancer cells, we performed CCK-8 assay on
prostatic stromal myofibroblast WPMY-1 cells as the con-
trol. The results showed that the combined treatment of 5

MOI DD3-ZD55-SPAGY9 and 1ng/ml DTX had little cyto-
toxicity on WPMY-1 cells (Figure 1(g)).

3.2. DD3-ZD55-SPAGY9 Combined with DTX Inhibited
Migration and Invasion of PCa Cells. Wound healing assay
showed that in PC-3 cells the percentage of scratch healing
in DD3-ZD55-SPAG9+DTX, DTX, ZD55-SPAGY9, DD3-
ZD55-SPAGY, ZD55-EGFP, and PBS groups were 20.03 +
2.02%, 37.07 £ 3.17%, 27.63 £ 3.24%, 33.97 £ 2.56%, 46.60
+2.85%, and 64.13 + 3.48%, respectively. In DU-145 cells,
the percentage of scratch healing in DD3-ZD55-SPAG9+
DTX, DTX, ZD55-SPAGY9, DD3-ZD55-SPAGY, ZD55-
EGEFP, and PBS groups were 17.53 £ 2.73%, 33.97 + 2.96%,
25.63 £4.33%, 33.07 £ 3.46%, 41.60 +2.74%, and 59.13
3.62%, respectively. The healing area of the scratches in each
treatment group was lower than that in the PBS group, and
the wound healing area of the combined group was the
lowest (Figures 2(a)-2(d)). These results suggested that
combined use of DD3-ZD55-SPAG9 and DTX effectively
inhibited the migration ability of PCa cells.

Transwell assay showed that in PC-3 cells, the number of
invasive cells in DD3-ZD55-SPAG9+DTX, DTX, ZD55-
SPAG9, DD3-ZD55-SPAG9, ZD55-EGFP, and PBS groups
was 49.25+5.09, 82.88 £8.51, 62.63 +4.27, 76.88 + 8.20,
100.63 £5.29, and 149.13 £9.01, respectively. In DU-145
cells, the number of invasive cells in DD3-ZD55-SPAG9+
DTX, DTX, ZD55-SPAGY, DD3-ZD55-SPAGY, ZD55-
EGFP, and PBS groups was 31.33+6.16, 57.00 + 14.47,
45.00 +£6.93, 55.89+10.40, 76.00+10.94, and 102.88 +
9.30, respectively. The number of invasive cells in each treat-
ment group was lower than that in the PBS group, and the
number of invasive cells in the combination group was the
lowest (Figures 2(e)-2(h)). These results suggested that
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combined use of DD3-ZD55-SPAG9 and DTX effectively
inhibited the invasion ability of PCa cells.

Because cancer invasion is related to epithelial to mesen-
chymal transition (EMT), we detected the expression of
EMT-related proteins. Western blot analysis showed that
compared with PBS group, the expression of E-cadherin
increased while the expression of vimentin and MMP-2
decreased in each treatment group of PC-3 and DU-145
cells. In the DD3-ZD55-SPAG9+DTX group, the expression
of E-cadherin was the highest, and the expression of vimen-
tin and MMP-2 was the lowest (Figures 2(i)-2(m)). These
data indicated that combined treatment effectively inhibited
the EMT process of PCa.

3.3. DD3-ZD55-SPAG9 Combined with DTX Induced
Apoptosis of PCa Cells In Vitro. Hoechst 33258 staining
showed that the apoptosis rate in PC-3 cells of DD3-

ZD55-SPAG9+DTX, DTX, ZD55-SPAGY, DD3-ZD55-
SSPAGY, ZD55-EGFP, and PBS groups was 77.17 + 3.30,
51.71 +3.84, 66.52+5.30, 57.57 £5.57, 43.79 +7.74, and
12.84 £4.59, respectively, and the apoptosis rates in
DU145 cells of DD3-ZD55-SPAG9+DTX, DTX, ZD55-
SPAG9, DD3-ZD55-SSPAGY, ZD55-EGFP, and PBS groups
was 64.75+4.28, 54.21 +2.93, 56.85 +4.37), 50.15 + 8.16,
42.16 + 4.47, and 18.37 £ 3.00, respectively. The apoptosis
rate of the treatment group was higher than that in the
PBS group. Compared with the single treatment group, the
DD3-ZD55-SPAG9+DTX group had significantly higher
apoptosis rate (Figures 3(a)-3(c)).

3.4. DD3-ZD55-SPAG9 Combined with DTX Inhibited the
Growth of Xenograft Tumor. We established the PC-3 cell
subcutaneous xenograft tumor model to verify the therapeu-
tic effect in vivo. The tumor growth rate was measured, and
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a volume measurement was performed every 7 days. After
28 days, all nude mice were sacrificed by neck dissection
and all xenograft tumors were dissected. The results showed
that at 28 days tumor volumes of the DD3-ZD55-SPAGY,
ZD55-SPAGY, DD3-ZD55-SPAGY, DTX, and PBS groups
were 784.02 +145.59, 1003.21 + 150.89, 1104.04 +110.39,
1352.00 + 142.57, and 2321.36 + 173.88. The tumor volume
of the treatment group was lower than that of the PBS group,
and the tumor volume of the DD3-ZD55-SPAG9+DTX
group was the smallest (Figures 4(a)-4(c)). HE staining of
the paraffin sections of the tumors in each group showed
that the cells in the PBS group had different sizes and disor-
dered arrangement, the nucleolus had obvious division phe-
nomena, and the chromatin staining was deep, with typical
atypia. In each treatment group, there were more necrotic
cells, shrinkage of cell membranes, cell lysis, accompanied by
nuclear shrinkage and fragmentation. Compared with the sin-
gle treatment group, the DD3-ZD55-SPAG9+DTX group had
more cell lysis and nuclear shrinkage and fragmentation
(Figure 4(d)). These results indicated that combined use of
DD3-ZD55-SPAG9 and DTX effectively inhibited the growth
of subcutaneous xenografts in nude mice.

3.5. DD3-ZD55-SPAGY9 Combined with DTX Induced
Apoptosis of PCa In Vivo. Next, we detected the apoptosis
of xenograft tumor cells in each group by TUNEL. The
results showed that compared with the PBS group, there
were more apoptotic cells in the DD3-ZD55-SPAG9+DTX,
ZD55-SPAGY, DD3-ZD55-SPAGY, and DTX groups. The
apoptosis rates of DD3-ZD55-SPAG9+DTX, ZD55-SPAG9,
DD3-ZD55-SPAGY, DTX, and PBS groups were 44.86 +
3.01%, 37.47 +1.88%, 32.56 +1.37%, 26.74 +2.45%, and
7.31 +1.42%, respectively. Compared with the single treat-
ment group, the apoptosis rate was significantly higher in
the combined group (Figures 5(a) and 5(b)). These results
illustrated that the combined use of DD3-ZD55-SPAG9
and DTX could effectively promote apoptosis in tumor cells.

3.6. DD3-ZD55-SPAG9 Combined with DTX Regulated the
Expression of E-Cadherin, Vimentin, and MMP-2 Proteins
in Xenograft Tumor. Immunohistochemical staining showed
that the expression of SPAGY, vimentin, and MMP-2 was
lower while the expression of E-cadherin was higher in each
treatment group compared to the PBS group (Figure 6(a)).
Quantitative analysis of optical density of SPAGY, E-cad-
herin, vimentin, and MMP-2 in DD3-ZD55-SPAG9+DTX,
ZD55-SPAGY, DD3-ZD55-SPAGY9, DTX, and PBS groups
showed that the combined treatment group had the lowest
SPAGY, vimentin, and MMP-2 protein expressions and the
highest E-cadherin protein expression (Figures 6(b) and
6(c)). These results suggested that the combination therapy
may inhibit tumor EMT in vivo.

4. Discussion

DD3 is one of the most prostate cancer-specific genes with
high expression in prostate cancer tissues but no expres-
sion in prostate cancer adjacent tissues, benign prostatic
hyperplasia, or normal prostate tissues [20]. Therefore, in

this study, we constructed a recombinant oncolytic adeno-
virus DD3-ZD55-SPAGY to specifically regulate the repli-
cation of adenovirus in PCa cells through DD3. Our
results showed that DD3-ZD55-SPAGY effectively silenced
SPAGY; inhibited PCa cell proliferation, migration and
invasion; and induced PCa cell apoptosis. Moreover, com-
pared with ZD55-SPAGY9, DD3-ZD55-SPAGY exhibited
significantly lower toxic effect on normal prostate cells.

DTX is the first-line chemotherapy drug recommended
for PCa, but it has toxicity and side effect on patients. In this
study, we reduced the dosage of DTX and combined with
DD3-ZD55-SPAGY to explore antitumor effects in vitro
and in vivo. The results showed that DD3-ZD55-SPAG9
+DTX had better effects than single treatment in inhibiting
PCa cell proliferation, migration, and invasion and inducing
PCa cell apoptosis.

EMT indicates the transformation of epithelial cells into
mesenchymal cells and is one of the common mechanisms
of tumor metastasis [21]. During EMT, there will be changes
in the expression of various proteins, such as decreased
expression of E-cadherin and increased expression of N-
cadherin and Vimentin [22-24]. MMP family plays an
important role in the process of tumor metastasis [25].
MMP-2 can digest tumor extracellular matrix, creating a
pathway for tumor cell metastasis [26]. In this study we
found that DD3-ZD55-SPAG9+DTX had better effects than
single treatment in inhibiting SPAG9, vimentin, and MMP-2
expressions, and promoting E-cadherin expression in PCa
in vitro and in vivo.

Promoting the apoptosis of tumor cells is one of the antitu-
mor mechanisms of chemotherapy [27]. Consistently, in this
study, we found that while DTX treatment alone promoted
PCa cell apoptosis both in vitro and in vivo, the combined
use of DD3-ZD55-SPAG9 and DTX significantly enhanced
PCa cell apoptosis both in vitro and in vivo. These results sug-
gest that the superior antitumor efficacy of DD3-ZD55-SPAG9
may be mediated by inducing PCa cell apoptosis.

In summary, we constructed oncolytic adenovirus DD3-
ZD55-SPAGY driven by DD3 promoter for targeted therapy
of PCa. DD3-ZD55-SPAGY exhibited superior efficacy and
specificity to kill PCa cells both in vitro and in vivo without
toxicity on normal prostate cells, which may be related to the
induction of PCa cell apoptosis and the inhibition of EMT of
PCa. DD3-ZD55-SPAGY9 has promising application to
enhance chemotherapy of PCa.

Data Availability

All data are included in this manuscript.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

ML, CW, FW, and ZX performed the experiments, and LM
and DY designed the study. All authors read and approved



10

the manuscript. Meng Lu and Fu-kun Wei contributed
equally to this work.

Acknowledgments

This study was supported by grants from the Jiangsu Prov-
ince Science Foundation of China (No. BK20151166), the
Project of Invigorating Health Care through Science, Tech-
nology and Education (No. CXTDA2017034), the Jiangsu
Provincial Medical Youth Talent (No. QNRC2016794), and
National Natural Science Foundation of China (No
81802524).

References

(1]

(2]

(10]

(11]

(12]

(13]

R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2019,” CA: a Cancer Journal for Clinicians, vol. 69, no. 1,
pp. 7-34, 2019.

A.J. Armstrong, “Updates in advanced prostate cancer 2018,”
Prostate Cancer and Prostatic Diseases, vol. 21, no. 4, pp. 449-
450, 2018.

T. Grozescu and F. Popa, “Prostate cancer between prognosis
and adequate/proper therapy,” Journal of Medicine and Life,
vol. 10, no. 1, pp. 5-12, 2017.

M. Nguyen-Nielsen and M. Borre, “Diagnostic and therapeutic
strategies for prostate cancer,” Seminars in Nuclear Medicine,
vol. 46, no. 6, pp- 484-490, 2016.

Y. Niu, C. Guo, S. Wen et al., “ADT with antiandrogens in
prostate cancer induces adverse effect of increasing resistance,
neuroendocrine differentiation and tumor metastasis,” Cancer
Letters, vol. 439, pp. 47-55, 2018.

A. Heidenreich, D. Porres, and D. Pfister, “The role of pallia-
tive surgery in castration-resistant prostate cancer,” Oncol
Res Treat., vol. 38, no. 12, pp. 670-677, 2015.

S. Boulos and D. Mazhar, “The evolving role of chemotherapy
in prostate cancer,” Future Oncology, vol. 13, no. 12, pp. 1091-
1095, 2017.

I. Kushnir, K. Koczka, M. Ong et al., “The timing of docetaxel
initiation in metastatic castrate-sensitive prostate cancer and
the rate of chemotherapy-induced toxicity,” Medical Oncology,
vol. 36, no. 2, p. 18, 2019.

J. Niemann and F. Kithnel, “Oncolytic viruses: adenoviruses,”
Virus Genes, vol. 53, no. 5, pp. 700-706, 2017.

C. Xiao, M. Li, Q. Huang, and J. Si-Tu, “SPAG9 promotes
prostate cancer proliferation and metastasis via MAPK signal-
ing pathway,” American Journal of Translational Research,
vol. 11, no. 8, pp- 5249-5260, 2019.

H. F. Sun, W. D. Wang, and L. Feng, “Effect of <i>SPAG9</i>
on migration, invasion and prognosis of prostate cancer,”
International Journal of Clinical and Experimental Pathology,
vol. 10, no. 9, pp. 9468-9474, 2017.

N. Jagadish, N. Gupta, S. Agarwal et al., “Sperm-associated
antigen 9 (SPAGY) promotes the survival and tumor growth
of triple-negative breast cancer cells,” Tumour Biology,
vol. 37, no. 10, pp. 13101-13110, 2016.

X. Wang, F. Jiang, H. Song, X. Li, J. Xian, and X. Gu, “Micro-
RNA-200a-3p suppresses tumor proliferation and induces
apoptosis by targeting SPAGY in renal cell carcinoma,” Bio-
chemical and Biophysical Research Communications, vol. 470,
no. 3, pp. 620-626, 2016.

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

[26]

(27]

Journal of Oncology

X. Li, F. Jiang, X. Wang, and X. Gu, “SPAG9 regulates HEF1
expression and drives EMT in bladder transitional cell carci-
noma via racl signaling pathway,” American Journal of Cancer
Research, vol. 8, no. 12, pp. 2467-2480, 2018.

Z. Wang, R. Wu, Q. Nie, K. J. Bouchonville, R. B. Diasio, and
S. M. Offer, “Chromatin assembly factor 1 suppresses epige-
netic reprogramming toward adaptive drug resistance,” Jour-
nal of the National Cancer Center., vol. 1, no. 1, pp. 15-22,
2021.

A. Sinha, S. Agarwal, D. Parashar et al., “Down regulation of
SPAGY reduces growth and invasive potential of triple-
negative breast cancer cells: possible implications in targeted
therapy,” Journal of Experimental & Clinical Cancer Research,
vol. 32, no. 1, p. 69, 2013.

Q. Yan, G. Lou, Y. Qian et al., “SPAG9 is involved in hepato-
carcinoma cell migration and invasion via modulation of
ELK1 expression,” Oncotargets and Therapy, vol. 9,
pp. 1067-1075, 2016.

J. A. Schalken, D. Hessels, and G. Verhaegh, “New targets for
therapy in prostate cancer: differential display code 3
DD3"“*3, a highly prostate cancer-specific gene,” Urology,
vol. 62, no. 5, pp. 34-43, 2003.

E. Mearini, C. Antognelli, C. Del Buono et al., “The combina-
tion of urine DD3(PCA3) mRNA and PSA mRNA as molecu-
lar markers of prostate cancer,” Biomarkers, vol. 14, no. 4,
pp. 235-243, 2009.

G. W. Verhaegh, A. van Bokhoven, F. Smit, J. A. Schalken, and
M. J. Bussemakers, “Isolation and characterization of the pro-
moter of the human prostate cancer- specific_DD3 gene,” The
Journal of Biological Chemistry, vol. 275, no. 48, pp. 37496—
37503, 2000.

S. Goossens, N. Vandamme, P. Van Vlierberghe, and G. Berx,
“EMT transcription factors in cancer development re-evalu-
ated: beyond EMT and MET,” Biochimica Et Biophysica Acta.
Reviews on Cancer, vol. 1868, no. 2, pp. 584-591, 2017.

H. Feng, X. Zhang, Q. Zhang, Z. Li, and L. Zhao, “Leptin pro-
motes proliferation and invasion of osteosarcoma cells by
upregulating the expression of SIRT1,” Biocell, vol. 44, no. 3,
pp. 443-450, 2020.

S. G. Huang, R. Zhang, and L. Z. Liu, “Comprehensive network
analysis of the molecular regulation mechanism for breast can-
cer metastasis,” Oncologie, vol. 23, no. 1, pp. 159-171, 2021.

H. Zhang, X. Wy, Y. Xiao et al., “Coexpression of FOXK1 and
vimentin promotes EMT, migration, and invasion in gastric
cancer cells,” Journal of Molecular Medicine (Berlin, Ger-
many), vol. 97, no. 2, pp. 163-176, 2019.

G. Shay, C. C. Lynch, and B. Fingleton, “Moving targets:
emerging roles for MMPs in cancer progression and metasta-
sis,” Matrix Biology, vol. 44-46, pp. 200-206, 2015.

Z. Yang, K. Li, Q. Liang et al., “Elevated hydrostatic pressure
promotes ameloblastoma cell invasion through upregulation
of MMP-2 and MMP-9 expression via Wnt/f-catenin signal-
ling,” Journal of Oral Pathology & Medicine, vol. 47, no. 9,
pp. 836-846, 2018.

S. Dandoti, “Mechanisms adopted by cancer cells to escape
apoptosis—a review,” Biocell, vol. 45, no. 4, pp. 863-884, 2021.



	Oncolytic Adenovirus with SPAG9 shRNA Driven by DD3 Promoter Improved the Efficacy of Docetaxil for Prostate Cancer
	1. Introduction
	2. Materials and Methods
	2.1. Cell Culture
	2.2. Construction of Adenovirus
	2.3. CCK-8 Assay
	2.4. Scratch Wound Healing Assay
	2.5. Transwell Assay
	2.6. Hoechst 33258 Staining
	2.7. Western Blot Analysis
	2.8. Animal Experiments
	2.9. Immunohistochemical Staining
	2.10. TUNEL Assay
	2.11. Statistical Analysis

	3. Results
	3.1. DD3-ZD55-SPAG9 Combined with DTX Inhibited PCa Cell Proliferation
	3.2. DD3-ZD55-SPAG9 Combined with DTX Inhibited Migration and Invasion of PCa Cells
	3.3. DD3-ZD55-SPAG9 Combined with DTX Induced Apoptosis of PCa Cells In Vitro
	3.4. DD3-ZD55-SPAG9 Combined with DTX Inhibited the Growth of Xenograft Tumor
	3.5. DD3-ZD55-SPAG9 Combined with DTX Induced Apoptosis of PCa In Vivo
	3.6. DD3-ZD55-SPAG9 Combined with DTX Regulated the Expression of E-Cadherin, Vimentin, and MMP-2 Proteins in Xenograft Tumor

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

