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Abstract
Nudix Hydrolase 21 (NUDT21) is a newly characterized oncogene involved in several types of cancer. However, 

the expression patterns and biological function of NUDT21 in prostate cancer (PCa) remain unclear. The present 
study aimed to investigate the roles of NUDT21 in the cell proliferation and metastasis of PCa. In the present study, 
the expression of NUDT21 was analyzed by qRT-PCR in PCa cell lines and human prostatic stromal cell line (WPMY). 
Compared with WPMY cells, NUDT21 expression was significantly increased in DU 145 and LNcap cells. Furthermore, 
we constructed the DU 145 and LNcap cell lines with stable low expression of NUDT21 to validate the function of 
NUDT21. Celigo cell count assay, flow cytometry, wound healing and Transwell assays were performed to analyze 
and compare cell viability and cell migration. These results showed that lentivirus-mediated NUDT21 knockdown 
significantly inhibited DU 145 and LNcap 786-O cell proliferation and migration, as well as induced cell cycle arrest and 
increased apoptosis in vitro. In overall, the present findings demonstrated that NUDT21 plays an oncogenic role in PCa 
and the potential of NUDT21 targeting in PCa treatment.
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Introduction
Prostate cancer (PCa), an epithelial malignancy that occurs in the 

prostatic epithelium, is a most common malignant tumor with a high 
incidence in the male genitourinary system [1,2]. Due to the lack of 
effective therapies, the mortality rates of PCa are annually increasing. 
Additionally, PCa is one of chronic diseases with various severe 
complications, it has become one of the major threats worldwide to 
the control of cell fate determination in a critical way [10]. It has been 
showed that NUDT21 increased the of risk preeclampsia by targeting 
3'-UTR of EZH2 mRNA [11]. In recent years, several studies showed 
that NUDT21 act as tumor suppressors or promoters in carcinogenesis 
and cancer progression among different cancer types [9,10,12,13]. 
For instance, the expression level of NUDT21 was decreased in 
cervical cancer tissues and cells, and highly associated with the clinical 
prognosis of patients [14]. We also found that NUDT21 suppressed 
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cell lines (DU 145, PC-3 and LNcap) obtained from American Type 
Culture Collection (ATCC, USA). WPMY, DU 145 and LNcap cell 
lines were grown in RPMI-1640 with 10% FBS, while PC-3 cells were 
cultured in F-12K medium supplemented with 10% FBS.

All cells were cultured in a 37℃ incubator containing 5% CO2 in air 
and saturated humidity.

Real-time Quantitative PCR Detecting System (qRT-PCR)

Relative expression levels of the NUDT21 transcript were analyzed 
by quantitative real-time PCR (qRT-PCR) assay. Briefly, all cells were 
collected and lysed with Trizal, and total RNA was isolated using 
TRIzol reagent (Invitrogen, USA) following the manufacturer’s 
instructions. RNA quality control was determined by a Nanodrop 
2000/2000C spectrophotometer (Thermo Fisher Scientific, USA). 
Subsequently, RNA was reverse transcribed to synthesize cDNA and 
qPCR reactions were performed in triplicate with the SYBR Green 
qPCR Master Mix (Thermo Fisher Scientific, USA). NUDT21 and 
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proved that silencing NUDT21 induced a dramatic alteration in the cell 
cycle distribution of both DU 145 and LNcap cells. As shown in Figure 
3C, the cell ratio in the G1 phase was increased (P < 0.001) and the 
cell ratio in the G2 phase was decreased significantly in the shNUDT21 
group in comparison with that in the shCtrl group of DU 145 cells (P 
< 0.001), suggesting the increase of DU 145 cells were arrested in the 
G1 phase. Strikingly, silencing NUDT21 significantly decreased the 
G1 phase cell fraction (P < 0.001) and induced a G2 cell cycle arrest 
(P < 0.05) in LNcap cells compared with the shCtrl group cells. These 
findings indicate that NUDT21 silencing induced cell cycle arrest and 
affected cell cycle distribution in PCa cells.

NUDT21 knockdown inhibited PCa cell migration in vitro

We further evaluated the effect of NUDT21 deficiency on the 
migration capacity of PCa cells by using a wound healing assay and 
a Transwell assay. For quantification of migration ratio, images were 
captured and measured the width of wound at the same site on 0h, 24h 
and 48h. As shown in Figure 4A, the distance between the scratches 
was significantly lower in the shCtrl group (48h for DU 145 cells; 24h 
for LNcap cells), while the distance between the scratches was not 
significantly lower in the NUDT21 knockdown group, indicating the 
migration ability of DU 145 and LNcap cells was significantly inhibited 
by NUDT21 depletion. Similarly, the results of Transwell assay showed 
that the cell migration rate was decreased by 45% in DU 145 cells with 
NCAPG2 knockdown (P < 0.001) and 94% in LNcap cells with NUDT21 
knockdown (P < 0.001) (Figure 4B). Altogether, these findings suggest 
that NUDT21 plays a crucial role in migration of PCa cells.

Discussion
PCa is a common slow growing malignant tumor with complex 

pathogenesis in the male reproductive system [18]. Although PCa can 
be treated effectively in different ways, its treatment remains a major 

clinical challenge due to multidrug resistance and almost advanced-
stage patients suffer from the side effects and recurrences [19,20]. 
Recent studies have investigated that the gene-targeted therapy for 
cancers was a promising treatment for cancers [21,22]. Various 
theoretically attractive targets for PCa treatment have emerged; 
however, fewlex 
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glioma [25] bladder cancer [10] and breast cancer [23  Brumbaugh. 
found that NUDT21 suppression facilitates generation of induced 
pluripotent stem cells, and delays progenitor cell differentiation [26]. 
NUDT21 inhibits HCC proliferation, metastasis and tumorigenesis 
[27]. Conversely, it has been reported that NUDT21 also acts as a pro-
oncogenic role in several cancers. Zhu et al NUDT21 promoted cell 
proliferation, colony formation, cell migration and invasion in gastric 
cancer cells [9].

It has also been reported that NUDT21 suppression significantly 
inhibited cell proliferation and promoted apoptosis of pancreatic 
ductal adenocarcinoma [13]. More importantly, NUDT21 was related 
to drug resistance in childhood acute leukemia [28]. Nevertheless, 
the role of NUDT21 in PCa remains understudied. Therefore, the the 
characterization of NUDT21 in the pathological progression of PCa 
deserves further study. To the best of our knowledge, the present 
study was the first to provide the evidence of the pro-oncogenic role 
of NUDT21 in PCa. 

In this study, we first contrasted the NUDT21 expression levels in 
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