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Background: Long non-coding RNA (lncRNA) DiGeorge syndrome critical region gene 5

(DGCR5) plays different roles in different types of human cancer, but its role in prostate

cancer (PC) has not been reported.

Methods: DGCR5 and TGF-β1 expression in paired tumor and adjacent healthy tissues

from 64 PC patients was analyzed by performing RT-qPCR. A 5-year follow-up study was

performed to analyze the prognostic value of DGCR5 for PC. The interaction between

DGCR5 and TGF-β1 was analyzed by overexpression experiments. Cell stemness was

analyzed by cell stemness assay.

Results: In our study, we found that DGCR5 was down-regulated in tumor tissues than in

adjacent healthy tissues of PC patients, but TGF-β1 was up-regulated in the tumor tissues.

DGCR5 expression was not affected by clinical stages, but low DGCR5 level in the tumor

was correlated with poor survival. DGCR5 and TGF-β1 were inversely correlated in tumor

tissues but not in adjacent healthy tissues. DGCR5 over-expression resulted in down-

regulation of TGF-β1, while TGF-β1 treatment did not significantly affect DGCR5 expres-

sion. DGCR5 over-expression led to decreased stemness of PC cells, but TGF-β1 treatment

played a reverse role and attenuated the effects of DGCR5 over-expression. DGCR5 may

decrease the stemness of PC cells by down-regulating TGF-β1.
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Introduction
The incidence of prostate cancer (PC) ranks to be the 1st place among male

malignancies in western countries.1 PC is also the 2nd leading cause of deaths

among males due to its fast progression and extreme malignant nature.1 With the

growth of aging population, incidence of PC is predicted to be continuously and

significantly increased.2 The unclear pathogenesis of PC is the major challenge in

its clinical treatment.3,4 Studies on molecular pathways involved with PC have

revealed that genetic factors are the main contributors to PC.5 However, very

limited number of oncogenes and tumor suppressors have been identified during

the development and progression of PC. Current evidence is not sufficient to

explain all aspects of its molecular pathogenesis.

Long non-coding RNAs (lncRNAs) (>200nt, lncRNAs) have recently been char-

acterized as critical determinants in human diseases,6 such as cancer biology.7,8 The

main function of lncRNAs is to regulate gene expression at multiple levels.9 Altered

expression of lncRNAs in cancer cells is usually correlated with the dysregulated
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expression of certain oncogenes or tumor suppressors.10

Besides, the regulation of lncRNAs may help the treatment

of cancer by affecting downstream gene expression.7,8

Therefore, characterizations of lncRNAs in cancer develop-

ment and progression are always necessary. LncRNA

DiGeorge syndrome critical region gene 5 (DGCR5) has

been proven as an oncogene in lung cancer,11 and a tumor

suppressor in liver cancer.12 Our study was performed to

explore the function of DGCR5 in PC.

Materials and Methods
Subjects
Our study included 64 PC patients (40 and 69 years old, 55.9

± 5.1 years old) to serve as research subjects. All these

patients were enrolled at the First Peoples’ Hospital of

Foshan between Sep 2011 and Sep 2013. Inclusion criteria: 1)

first diagnosis and no therapies received; 2) no previous

history of malignancies; 3) willing to participate in follow-

up. Exclusion criteria: 1) who had been treated within 3

months before admission; 2) combined with other clinical

conditions. Based on AJCC staging system, there were 14,

20, 18 and 12 cases at stage I-IV, respectively. All 64 PC

patients signed informed consent. Ethics Committee of The

First Peoples’ Hospital of Foshan approved this study before

the admission of patients.

Follow-Up
All patients were followed up for 5 years old every month

throughout patient visit and/or telephone. During follow-up,

2 patients were lost and 5 died of other diseases or accidence.

These 7 patients were not included in follow-up study.

Specimen Collection and PC Cell Lines
PC tissues and adjacent (within 2 cm around tumors) non-

cancer tissues were obtained from each participant before

therapies. All tissues were confirmed by 3 experienced

pathologists.

PC cell lines 22Rv1 and DU145 were used in this study

to perform cell experiments. Cells of both cell lines were

from ATCC (USA). 10% fetal bovine serum (FBS) was

added into Eagle’s Minimum Essential Medium to be used

as culture medium and cells were cultivated in an incuba-

tor with conditions of 37°C and 5% CO2.

RT-qPCR
RNAzol reagent (Sigma-Aldrich, USA) was used to

extract total RNAs from PC tissues, non-cancer tissues as

well as cells of both 22Rv1 and DU145 cell lines to per-

form reverse transcription, which was carried out using

AMV Reverse Transcriptase (Promega Corporation). To

detect the expression of DGCR5 and TGF-β1, PCR sys-

tems were prepared using Applied Biosystems™

PowerUp™ SYBR™ Green Master Mix (Thermo Fisher

Scientific, Inc.) with 18S rRNA as the endogenous control

of DGCR5 and GAPDH as the endogenous control of

TGF-β1. Each PCR experiment was performed 3 times

and 2−ΔΔCq method was used to process Ct values.

Transient Cell Transfection
All transient cell transfections in this study were per-

formed using Lipofectamine® 2000 reagent (Thermo

Fisher Scientific, Inc.). PcDNA3.1 vector was used to

construct DGCR5 and TGF-β1 expression vectors (con-

struction service provided by Sangon, Shanghai, China).

10 nM vector was used in the transfection and an empty

vector was used as negative control. The control group

was the cells with no transfection but were treated with

Lipofectamine® 2000 reagent. Subsequent experiments

were carried out at 36 hrs after transfections.

Flow Cytometry for Stemness Evaluation
Cells of 22Rv1 and DU145 cell lines were harvested at

36 hrs after transfection and subjected to trypsinization.

After that, cells were subjected to the incubations with

IgG1-PE or CD133-PE antibody (130-093-193, Meltenyi

Biotec, Germany) for 20 min at 4°C. After that, cells were

washed and resuspended in PBS. FACS Aria system (BD

Immunocytometry Systems, USA) was used to detect the

signals and Cell Quest software (Becton Dickinson Ltd)

was used to process the signals. Cell stemness was

reflected by the percentage of CD133+ cells.

Western-Blotting
Cells of 22Rv1 and DU145 cell lines were harvested at

36 hrs after transfection and were mixed with RIPA solution

(Thermo Fisher Scientific, Inc.) to extract total protein.

Protein samples were denatured and electrophoresis was

carried out using 10% SDS-PAGE gel. Following gel trans-

fer to PVDF membranes, incubation with primary antibodies

of rabbit anti-human TGF-β1 (ab92486, 1:1200; Abcam)

and rabbit anti-human GAPDH and GAPDH (ab9485,

1:1200, Abcam) as well as anti-rabbit IgG-HRP secondary

antibody (1:1000, MBS435036, MyBioSource) were carried

out. After that, signals were produced using Pierce ECL
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Western Blotting Substrate (Thermo Fisher Scientific).

Image J v.1.46 software was used for data normalizations.

Statistical Analysis
Three biological replicates were included in each experi-

ment. Difference analysis between PC and non-cancer tis-

sues was carried out using the paired t-test. Differences

analysis among different clinical stages or cell transfection

groups were performed using one-way ANOVA and Tukey

t-test. Correlation analyses were performed using linear

regression. 57 PC patients completed follow-up and they

were divided into high (n=26) and low (n=31) DGCR5

groups using DGCR5 expression data in PC tissues accord-

ing to Youden’s index. K-M method and log-rank t-test were

used to plot and compare survival curves, respectively.

Differences were statistically significant when p<0.05.

Results
DGCR5 and TGF-β1 Were Dysregulated

in PC Tissues
Expression of DGCR5 and TGF-β1 in tissue specimens

collected from PC patients was analyzed by RT-qPCR. The

sample with the lowest expression level was set to “1”,

and all other samples were normalized to this sample.

Relative levels of DGCR5 in PC tissues ranged from 1

to 4.78. Relative levels of TGF-β1 mRNA in non-tumor

tissues ranged from 2.05 to 7.12. Relative levels of

DGCR5 in PC tissues ranged from 1.77 to 6.32. Relative

levels of DGCR5 in non-tumor tissues ranged from 1 to

3.54. Comparisons of DGCR5 and TGF-β1 expression

levels between PC and non-cancer tissues were performed

by paired t-test. The results showed that DGCR5 was

significantly down-regulated (Figure 1A), while TGF-β1

was significantly up-regulated (Figure 1B) in PC tissues

than in non-cancer tissues of PC patients (p<0.05).

Low DGCR5 Level in PC Tissues Was

Correlated with Poor Survival
Comparisons of DGCR5 in PC tissues among patients with

different clinical stages were performed by one-way ANOVA

and Tukey’s test. No significant differences in DGCR5

expression were found among 4 clinical stages (Figure 2A).

In this study, 57 PC patients completed follow-up and they

were divided into high (n=26) and low (n=31) DGCR5

groups using DGCR5 expression data in PC tissues accord-

ing to Youden’s index. K-M method and log-rank t-test were

used to plot and compare survival curves, respectively. It

was observed that patients in low DGCR5 groups had

a significantly lower 5-year overall survival rate (Figure 2B).

DGCR5 and TGF-β1 Were Inversely

Correlated in PC Tissues
Correlations between expression levels of DGCR5 and TGF-

β1 in PC tissues were analyzed by linear regression. It was

observed that DGCR5 and TGF-β1 were inversely and sig-

nificantly correlated across cancer tissues (Figure 3A), but

not across adjacent non-cancer tissues (Figure 3B).

DGCR5 Over-Expression Mediated the

Down-Regulation of TGF-β1
DGCR5 and TGF-β1 expression vectors were transfected into
cells of both 22Rv1 and DU145 cell lines. At 36 hrs after

transfection, compared to two controls (control, C and nega-

tive control, NC), expression levels of DGCR5 and TGF-β1
were significantly up-regulated (about 4-fold in all cases,

Figure 4A, p<0.05). In addition, DGCR5 over-expression

Figure 1 DGCR5 and TGF-β1 were dysregulated in PC tissues. Comparisons of RT-qPCR data by paired t-test revealed that DGCR5 was significantly down-regulated (A), while

TGF-β1 was significantly up-regulated (B) in PC tissues than in non-cancer tissues of PC patients. All PCR reactions were repeated 3 times and mean values were presented and

compared by paired t-test (*p<0.05).
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resulted in down-regulation of TGF-β1 at both mRNA and

protein levels (3.3- to 4.5-fold, Figure 4B, p<0.05), while

TGF-β1 treatment did not significantly affect DGCR5 expres-

sion (Figure 4C).

DGCR5 Over-Expression Decreased the

Stemness of PC Cells Through TGF-β1
At 36 hrs after transfection, cell stemness was analyzed by

performing cell stemness assay. Comparing to two controls

(control, C and negative control, NC), DGCR5 over-

expression led to significantly decreased stemness (percen-

tage of CD133+ cells) of PC cells, TGF-β1 treatment played

a reverse role and attenuated the effects of DGCR5 over-

expression on the stemness of both 22Rv1 (Figure 5A) and

DU145 (Figure 5B) cells (p<0.05).

Discussion
DGCR5 plays different roles in lung cancer and liver

cancer,11,12 while its involvement in PC is not clear. Our

study first reported the down-regulation of DGCR5 in PC

and demonstrated that DGCR5 may negatively regulate

the stemness of PC cells by down-regulating TGF-β1,

which contributes to cancer cell stemness.13

TGF-β signaling is a double-edged sword in most types of

cancer.14 During the early development of cancer, activation

of TGF-β mediates the inhibited proliferation and growth of

cancer cells,14 indicating its tumor-suppressive roles, while the

activation of TGF-β signaling also promotes the migration and

invasion of cancer cells at advanced cancer stages, suggestive

of oncogenic role.14 Studies on the role of TGF-β signaling in

regulating cancer stemness showed that the promoting and

maintenance of cancer cell stemness in diverse types of cancers

requires the activation of TGF-β signaling.15,16 Consistentwith

previous studies, our study showed that over-expression of

TGF-β1 also led to the increased stemness of PC cells.

Cancer stemness can also be regulated by certain

lncRNAs.17 LncRNA DGCR5 has been proved as an

oncogene in lung cancer,11 while a tumor suppressor in

Figure 2 Low DGCR5 level in PC tissues was correlated with poor survival. One-way ANOVA and Tukey’s test were used to compare the expression level of DGCR5

among patients at different clinical stages (A). The 57 PC patients were divided into high (n=26) and low (n=31) DGCR5 groups using DGCR5 expression data in PC tissues

according to Youden’s index. K-M method and log-rank t-test were used to plot and compare survival curves, respectively. Survival curve analysis showed that low DGCR5

level in PC tissues was correlated with poor survival (B).

Figure 3 DGCR5 and TGF-β1 were inversely correlated in PC tissues. Linear correlation analysis showed that DGCR5 and TGF-β1 were inversely and significantly

correlated across PC tissues (A), but not across adjacent non-cancer tissues (B).
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liver cancer.12 Our study first reported the down-regulation

of DGCR5 in PC tissues and proved that DGCR5 over-

expression can lead to the decreased stemness of PC cells,

suggestive of its tumor-suppressive role in PC. Therefore,

DGCR5 plays different roles in different types of cancer. It

has been reported that down-regulation of DGCR5 pre-

dicted the poor survival of liver cancer patients.12 In our

study, we also showed that patients with lower levels of

DGCR5 experienced worse overall survival. Therefore,

DGCR5 may also serve as a prognostic factor for PC. It

is known that TGF-β signaling in cancer biology can be

regulated by lncRNAs.18 For instance, lncRNA NKILA

inhibits Epithelial-Mesenchymal Transition in breast can-

cer inactivating TGF-β.18 Our study reported that DGCR5

is an upstream inhibitor of TGF-β1 in the regulation of PC

cell stemness. However, the molecular mechanism remains

to be further investigated. It has been reported that

DGCR5 can regulate the proliferation of lung cancer

cells.11 This study is the first to report the regulatory role

of DGCR5 in cancer cell stemness. Therefore, regulating

the expression of DGCR5 may serve as a target to treat PC

by suppressing cancer stemness.

It was observed that we explored the TCGA dataset

and we found that DGCR5 was lowly expressed in PC and

Figure 4 DGCR5 over-expression mediated the down-regulation of TGF-β1. PC cells were transfected with DGCR5 or TGF-β1 expression vectors to analyze the interaction

between them. Comparing to two controls (control, C and negative control, NC), expression levels of DGCR5 and TGF-β1 were significantly up-regulated at 36 hrs after

transfection (A), indicating the successful transfections. The effects of DGCR5 over-expression of TGF-β1 at both mRNA and protein levels (B) were analyzed by qPCR and

Western blot, respectively. The effects of TGF-β1 treatment on DGCR5 expression were analyzed by qPCR (C). The mean values of 3 biological replicates were presented and

compared. (*p<0.05).
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its expression level was slightly higher in PC tissues than

in non-tumor tissues (0.3 vs 0.24), which is not consistent

with our data. So, DGCR5 may be differently expressed in

different populations. It is worth noting that, with the

development of internet and big data era coming, con-

structing databases19–21 and establishing a powerful web

server22,23 will provide the convenience to most scholars.

In conclusion, lncRNA DGCR5 is down-regulated and

plays a tumor-suppressive role in PC. Over-expression of

DGCR5 may inhibit the stemness of PC cells by down-

regulating TGF-β1.
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