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Initial diagnosis of carcinoma of the urinary bladder remains challenging. N-Myc downstream-regulated gene
2 (NDRG2) has been reported to be closely correlated with cell differentiation and proliferation in various can-
cers. However, its clinical significance in diagnosis of bladder cancer remains unclear. The purpose of this study
was to detect the expression of NDRG2 and investigate its diagnostic value in bladder cancer.

We recruited 127 patients with bladder cancer and 97 healthy controls. Quantitative real-time reverse tran-
scription polymerase chain reaction (qRT-PCR) and Western blotting analysis were conducted to measure the
NDRG2 expression levels in urine of patients with bladder cancer, bladder cancer cell lines, and healthy con-
trols. The correlations between NDRG2 expression and clinicopathological characteristics were analyzed by chi-
square test, and the diagnostic value of NDRG2 was estimated by establishing a receiver operating character-
istic (ROC) curve.

The relative NDRG2 expression were significantly downregulated both at mRNA and protein levels in urine of
patients with bladder cancer and in cell lines, and its low expression was distinctively correlated with tumor
grade and stage. The ROC curve showed NDRG2 could be a good diagnostic marker, with an AUC of 0.888, in-
dicating high sensitivity and specificity.

NDRG2 was decreased in patients with bladder cancer and might be involved in the progression of this malig-
nancy. Moreover, NDRG2 could be a potential independent diagnostic biomarker for bladder cancer.
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Background

Bladder cancer is a serious health problem worldwide and is
the second-most frequent malignancy among all genitouri-
nary tract tumors [1]. Invasive bladder cancer has a high inci-
dence of recurrence, which contributes to the high mortality
of this disease [2]. Currently, the combination of cystoscopy
and urine cytology is considered to be the “gold standard” for
the identification of bladder tumors [3]. However, the diag-
nosis of bladder remains is challenging, mainly due to limita-
tions of the available methods. For example, cystoscopy is an
invasive strategy with high cost, while urine cytology has rel-
atively high specificity but is not sensitive in low-grade blad-
der cancer [4,5]. Therefore, efforts should be taken to identify
noninvasive and highly sensitive and specific diagnostic bio-
markers for bladder cancer.

N-Myc downstream-regulated gene 2 (NDRG2) is a member
of the NDRG family, which has 4 members: NDRG1, NDRG?2,
NDRG3, and NDRG4 [6,7]. NDRG2 is located at chromosome
14q11.2 and has been suggested to be a tumor suppressor
as well as cell stress-related gene involved in many cellular
metabolic processes such as hormone, ion, and fluid metabo-
lism, and in stress responses such as those to hypoxia and li-
potoxicity [8-12]. The aberrant expression of NDRG2 has been
described in a variety of human cancer cell lines and primary
tumors, including prostate cancer, thyroid cancer, colorectal car-
cinoma, oesophageal squamous cell carcinoma, and gallbladder
carcinoma [13-18]. Previous studies found that NDRG2 regu-
lates cell proliferation and invasion in bladder cancer [19,20].
However, the diagnostic value of NDRG2 was never reported.

In the present study, we detected the expression of NDRG2 in
urine of patients with bladder cancer and in cell lines, and an-
alyzed the correlation of NDRG2 expression with clinicopatho-
logical features. In addition, we validated the clinical value of
urine NDRG2 in the early detection of bladder cancer.

Material and Methods

Patients and samples

The study was approved by the Ethics Committee of the
Affiliated Luohu Hospital of Shenzhen University and all par-
ticipants signed written informed consent in advance.

A total of 124 patients who were diagnosed with bladder cancer
were enrolled from the Affiliated Luohu Hospital of Shenzhen
University. None of the patients had received any chemother-
apy or radiotherapy before sampling. We also enrolled 97
healthy controls matched by age and sex; those with a histo-
ry of bladder diseases were required to undergo cystoscopy
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to verify their healthy condition. Urine was collected from the
healthy individuals to use as the healthy control specimens.

A single and naturally voided midstream urine sample was
obtained from all subjects before cystoscopy. Approximately
50 ml of urine was collected and put on ice immediately, then
the samples were centrifuged as soon as possible (not later
than 1 h later) at 3000 rpm for 7 min at 4 °C. The clinical and
pathologic parameters of bladder cancer patients were re-
corded and are listed in Table 1. Those individuals smoking
at least 1 cigarette per day for over 1 year were defined as
smokers. Tumor staging and grading were determined accord-
ing to TNM and World Health Organization classifications, re-
spectively. Stages T1-T2 were categorized as early stage and
T3-T4 were categorized as advanced stage.

Cell lines and cell culture

Human bladder cancer cell lines T24, SW780, and HT1376
and the non-malignant SV-40 immortalized bladder epitheli-
al cell line (SV-HUC-1) were obtained from the American Type
Culture Collection (Manassas, VA). All cell lines were main-
tained in RPMI 1640 (Sigma, St. Louis, MO) supplemented with
10% fetal bovine serum, 100 U/ml penicillin, and 100 pg/ml
streptomycin (Gibco, NY) at 37°C in a humidified atmosphere
containing 5% CO,.

RNA extraction and qRT-PCR analysis

Total RNA from urine samples were extracted using RNeasy kit
(Qiagen, Valencia, CA). The first chain of cDNA was synthesized
by reverse transcription with TagMan® Reverse Transcription
Reagents (Applied Biosystems, Grand Island, NY). GAPDH was
used as internal control. The sequences of the primers were:
GAPDH, forward-5-AGGTCCACCACTGACACGTT-3’ and reverse-5’-
G- CCTCAAGATCATCAGCAAT-3'; NDRG2, forward-5"-GCCCAGC-
GATCCTTAC- CTACC-3', and reverse-5-GGCTGCCCAATCCATC-
CAACC-3'. RT-PCR reaction was performed using the CFX96
Touch PCR system (Bio-Rad). The relative mRNA expression
of NDRG2 was calculated by —242 method. Each sample was
analyzed in triplicate.

Western blotting analysis

Total protein was isolated from the urine samples and cell
lines. Then, the protein was separated by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) gel and
transferred onto PVDF membranes. The membranes were in-
cubated with mouse anti-human NDRG2 antibody at 4°C for
1 night after being blocked with 5% non-fat milk for 1 h. B-ac-
tin was used as the internal control. Horseradish peroxidase
(HRP)-conjugated anti-rabbit or anti-mouse secondary antibody
(dilution 1: 2000, Santa Cruz) was used to assess the band
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Table 1. Relationship between urinary NDRG2 expression and clinicopathologic parameters of patients with bladder cancer.

Parameters Y i P values
(n=124) Low (n=72) High (n=52)
Gender 0.307 0.579
"""" Male e a1 2
"""" Female 56 31 25
CAgeears 20 o134
"""" so e 36 29
oo s9 2
Cumorsizeem) 0943 0332
"""" B T 7 T
Cowms sa s 20
Csmokingstatus 1383 0247
"""" Nonsmoker 86 4 39
"""" smoker 38 25 13
CGrade 5045 0035
"""" ow a8 23
"""" Wgh 83 sa 29
CTumorstage gg7s 0003
e v ® a
e s w0 0o

on the membranes. Then, the enhanced chemiluminescence Results

(ECL) system detection solutions (Pierce, NJ) were added, and

the final results were obtained using Kodak Digital Science ID
software (Kodak, NY). Each sample was analyzed in triplicate.

Statistical analysis

Statistical analyses were all carried out by using the SPSS sta-
tistical package (version 18.0) and graphs were plotted using
Origin 9.0. Data from all quantitative assays are expressed
as the meantstandard deviation (SD). Differences between
2 groups were analyzed using Students’ t-test. Associations
between NDRG2 expression and clinical variables were ana-
lyzed using the chi-square test. Receiving operating curves
(ROC) were made to estimate the diagnostic performance of
NDRG?2 in distinguishing patients with bladder cancer from
healthy controls. Differences with P<0.05 were considered to
be statistically significant.

The expression of NDRG2 in urinary samples of bladder
cancer patients and its cell lines

To investigate whether NDRG2 was detectable and altered
in urine samples of bladder cancer patients compared with
healthy controls, we performed gRT-PCR and Western blotting
analysis to detect the expression levels of NDRG2at mRNA and
protein level, respectively. As shown in Figure 1A and 1B, the
relative NDRG2 expression was significantly lower in patients
with bladder cancer than in healthy controls (Figure 1, P<0.05).
Then, we measured the expression of NDRG2 in the cell lines
of bladder cancer and bladder epithelial cells. The downreg-
ulated expression of NDRG2 at mRNA and protein levels was
detected in bladder cancer cell lines T24, SW780, and HT1376
compared to that in SV-HUC-1 cells (P<0.05, Figure 2A and 2B).
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Figure 1. The relative NDRG2 expression in urinary samples of bladder cancer patients and healthy controls. It was significantly down-
regulated in patients with bladder cancer compared with that in healthy controls at mRNA (A) and protein (B) levels (P<0.05).
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Figure 2. The relative NDRG2 expression in cell lines of bladder cancer patients and bladder epithelial cell line. It was significantly
lower in bladder cancer cell lines T24, SW780, and HT1376 than in SV-HUC-1 cells at mRNA (A) and protein (B) levels

(P<0.05).

Relationships between NDRG2 expression and clinical
pathological characteristics of patients with bladder cancer

To assess the correlation of NDRG2 expression with clinico-
pathologic data, the patients with bladder cancer were cat-
egorized into low and high groups on the basis of the mean
value. The chi-square test revealed that low NDRG2 expres-
sion was significantly associated with grade (P=0.025) and
tumor stage (P=0.003), but it had not relationship with other
parameters, including sex, age, tumor size, and smoking sta-
tus (P>0.05, Table 1).

The diagnostic value of NDRG2 in bladder cancer

The potential clinical utility of NDRG2 in discriminating patients
with bladder cancer from healthy controls was assessed. ROC

curves showed that NDRG2 had a high diagnostic value, with
an AUC of 0.888, with a sensitivity of 85.5% and a specificity of
81.4% (Figure 3). The ideal cutoff value of NDRG2 was 4.840.

Discussion

We assessed the expression levels of NDRG2 in urine samples
from 124 bladder cancer patients and 97 healthy controls, as
well as in human bladder cancer cell lines T24, SW780, and
HT1376 and non-malignant SV-40 immortalized bladder epi-
thelial cells (SV-HUC-1). The results showed that the relative
NDRG?2 expression was significantly downregulated in the urine
of patients with bladder cancer and bladder cancer cell lines
compared with that in controls, both at mRNA and protein lev-
els. Our results agree with most of the published literature,
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Figure 3. A receiver operating characteristic curve was
established with the expression of NDRG2 from
urinary samples of bladder cancer patients (n=124)
and healthy controls (n=97). The area under the
curve of NDRG2 was 0.888 (95% confidence interval:
0.845-0.930).

and show that NDRG2 might be a tumor suppressor in blad-
der cancer. Further analysis indicated that NDRG2 might be a
diagnostic biomarker for bladder cancer.

Bladder cancer is a heterogeneous disease with unpredictable
clinical course. There are 2 predominant histological types:
transitional cell carcinoma and squamous cell carcinoma. The
major risk factors for bladder cancer include cigarette smok-
ing and chronic infection with Schistosoma haematobium [21].
Numerous biomarkers and histopathological factors, such as
tumor stage, tumor grade, and lymph node, have been inves-
tigated as important biomarkers of bladder cancer [22,23].
However, these biomarkers cannot provide sufficient speci-
ficity and sensitivity to detect the whole spectrum of bladder
cancer encountered in routine clinical practice [24].

NDRG?2 is highly expressed in skeletal muscle tissue both at
the gene level and as a phosphoprotein [7,25]. Previous stud-
ies have shown that NDRG2 is highly expressed in the adult
brain, salivary glands, and muscle, but it rarely occurs in bone
marrow, leukocytes of peripheral blood, and thymus [26-29],
suggesting that it may play important functions in different
tissues. Decreased expression of NDRG2 has also been found
in some types of human cancer and tumor cells. For exam-
ple, Li et al. revealed that protein and mRNA expression lev-
els of NDRG2 were significantly downregulated in astrocyto-
mas [30]. Downregulated NDRG2 has also been detected in
tissue specimens from clear cell renal cell carcinoma and can-
cer cell lines [31]. NDRG2 is a potential tumor suppressor gene,
and abundant data demonstrates close associations of NDRG2
with cell proliferation, metastasis, and apoptosis [32,33].
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We further explored whether NDRG2 was involved in the de-
velopment of bladder cancer, finding that low expression of
NDRG2 was associated with grade and tumor stage, but we
found no relationship between NDRG2 expression and other
clinicopathological features, including sex, age, and tumor size.
These data suggest that NDRG2 expression levels are close-
ly associated with the development and progression of blad-
der cancer. Moreover, we plotted the ROC curves and showed
the performance of the prediction mode in bladder cancer pa-
tients and healthy controls. The results indicated that the AUC
of NDRG2 levels was 0.888; in addition, the sensitivity and
specificity were 85.5% and 81.4%, respectively, indicating it
might be a potential biomarker for diagnosis of bladder cancer.

In recent years, many studies have been performed to search
for diagnostic biomarkers for bladder cancer. Eissa et al. re-
ported that survivin and TIMP-2 could be considered as urine
markers in early detection of bladder cancer. Survivin showed
78.6% sensitivity and 95.3% specificity in the diagnosis of blad-
der cancer, while TIMP had 93% sensitivity and 83.7% speci-
ficity [3]. Another study concluded that VEGF was an accurate
urinary biomarker for bladder cancer, with 83% sensitivity and
87% specificity, and an AUC of 0.886 [4]. NDRG2 showed 85.5%
sensitivity and 81.4% specificity in the diagnosis of bladder
cancer, and the AUC was 0.888. Although NDRG2 showed no
advantages compared with the 2 molecules in the diagnosis
of bladder cancer, it was suggested as a potential biomarker.
Future analysis should be performed to confirm our findings.

The current study has a few limitations. Since tumors result
from the functions of environmental and genetic factors, the
NDRG?2 gene may be one of several factors involved in the car-
cinogenesis of bladder cancer. Two or more factors should be
considered in future research, which makes the result much
more accurate. In addition, the sample size was relatively
small. Larger-scale experiments should be performed to ver-
ify the outcome.

Conclusions

In conclusion, attenuated NDRG2 level may play pivotal roles in
the occurrence, development, and progression of bladder can-
cer. The detection of NDRG2 level may be a useful biomarker
in the diagnosis or prediction of clinical outcomes of patients
with bladder cancer. Results of the present study may provide
novel approaches for targeted molecular therapy for patients
with bladder cancer, although further study with larger sam-
ples is needed to validate and optimize our findings.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

4648




Zhang M. et al.:
Expression of N-Myc downstream-regulated gene 2 in bladder cancer
© Med Sci Monit, 2017; 23: 4644-4649

References:
1. Jemal A, Bray F, Center MM et al: Global cancer statistics. Cancer J Clin,
2011; 61(2): 69-90
2. Kaufman DS, Shipley WU, Feldman AS: Bladder cancer. Lancet, 2009;
374(9685): 239-49
3. Eissa S, Shabayek MI, Ismail MF et al: Diagnostic evaluation of apoptosis

»

(%}

(=2}

~

o

o

10.

11.

12.

13.

14.

15.

16.

17.

inhibitory gene and tissue inhibitor matrix metalloproteinase-2 in patients
with bladder cancer. IUBMB Life, 2010; 62(5): 394-99

. Urquidi V, Goodison S, Kim J et al: Vascular endothelial growth factor, car-

bonic anhydrase 9, and angiogenin as urinary biomarkers for bladder can-
cer detection. Urology, 2012; 79(5): 1185e1-6

. Yafi FA, Brimo F, Auger M et al: Is the performance of urinary cytology as

high as reported historically? A contemporary analysis in the detection and
surveillance of bladder cancer. Urol Oncol, 2014; 32(1): 27e1-6

. Melotte V, Qu X, Ongenaert M et al: The N-myc downstream regulated gene

(NDRG) family: Diverse functions, multiple applications. FASEB J, 2010;
24(11): 4153-66

. Qu X, Zhai Y, Wei H et al: Characterization and expression of three novel

differentiation-related genes belong to the human NDRG gene family. Mol
Cell Biochem, 2002; 229(1-2): 35-44

. MaJ, Liu W, Guo H: N-myc downstream-regulated gene 2 expression is as-

sociated with glucose transport and correlated with prognosis in breast
carcinoma. Breast Cancer Res, 2014; 16(2): R27

. Li'Y, Liu C, Hou W et al: Retrograde ductal administration of the adenovi-

rus-mediated NDRG2 gene leads to improved sialaden hypofunction in es-
trogen-deficient rats. Mol Ther, 2014; 22(5): 908-18

Li'Y, Yang J, Li S et al: N-myc downstream-regulated gene 2, a novel estro-
gen-targeted gene, is involved in the regulation of Na+/K+-ATPase. J Biol
Chem, 2011; 286(37): 32289-99

Shen L, Liu X, Hou W et al: NDRG2 is highly expressed in pancreatic beta
cells and involved in protection against lipotoxicity. Cell Mol Life Sci, 2010;
67(8): 1371-81

LiuJ, Zhang J, Wang X et al: HIF-1 and NDRG2 contribute to hypoxia-induced
radioresistance of cervical cancer Hela cells. Exp Cell Res, 2010; 316(12):
1985-93

Yu C, Wu G, Dang N et al: Inhibition of N-myc downstream-regulated gene
2 in prostatic carcinoma. Cancer Biol Ther, 2011; 12(4): 304-13

Gao L, Wu GJ, Liu XW et al: Suppression of invasion and metastasis of
prostate cancer cells by overexpression of NDRG2 gene. Cancer Lett, 2011;
310(1): 94-100

Zhao H, Zhang J, Lu J et al: Reduced expression of N-Myc downstream-reg-
ulated gene 2 in human thyroid cancer. BMC Cancer, 2008; 8: 303

Lorentzen A, Vogel LK, Lewinsky RH et al: Expression of NDRG2 is down-
regulated in high-risk adenomas and colorectal carcinoma. BMC Cancer,
2007; 7: 192

Cao W, Yu G, Lu Q, Zhang J: Low expression of N-myc downstream-regulat-
ed gene 2 in oesophageal squamous cell carcinoma correlates with a poor
prognosis. BMC Cancer, 2013; 13: 305

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

4649

LAB/IN VITRO RESEARCH

Song SP, Zhang SB, Liu R et al: NDRG2 down-regulation and CD24 up-reg-
ulation promote tumor aggravation and poor survival in patients with gall-
bladder carcinoma. Med Oncol, 2012; 29(3): 1879-85

Li R, Yu C, Jiang F et al: Overexpression of N-Myc downstream-regulated
gene 2 (NDRG2) regulates the proliferation and invasion of bladder cancer
cells in vitro and in vivo. PLoS One, 2013; 8(10): e76689

Huang J, Wu Z, Wang G et al: NMyc downstreamregulated gene 2
suppresses the proliferation of T24 human bladder cancer cells via induc-
tion of oncosis. Mol Med Rep, 2015; 12(4): 5730-36

Felix AS, Soliman AS, Khaled H et al: The changing patterns of bladder can-
cer in Egypt over the past 26 years. Cancer Causes Control, 2008; 19(4):
421-29

Kim WJ, Kim EJ, Kim SK et al: Predictive value of progression-re-
lated gene classifier in primary non-muscle invasive bladder cancer. Mol
Cancer, 2010; 9: 3

Lv S, Turlova E, Zhao S et al: Prognostic and clinicopathological sig-
nificance of survivin expression in bladder cancer patients: A meta-analy-
sis. Tumour Biol, 2014; 35(2): 1565-74

Habuchi T, Marberger M, Droller MJ et al: Prognostic markers for bladder
cancer: International Consensus Panel on bladder tumor markers. Urology,
2005; 66(6 Suppl. 1): 64-74

Hgjlund K, Bowen BP, Hwang H et al: In vivo phosphoproteome of human
skeletal muscle revealed by phosphopeptide enrichment and HPLC-ESI-MS/
MS. J Proteome Res, 2009; 8(11): 4954-65

Piepoli A, Cotugno R, Merla G et al: Promoter methylation corre-
lates with reduced NDRG2 expression in advanced colon tumour. BMC Med
Genomics, 2009; 2: 11

Choi SC, Kim KD, Kim JT et al: Expression and regulation of NDRG2 (N-myc
downstream regulated gene 2) during the differentiation of dendritic cells.
FEBS Lett, 2003; 553(3): 413-18

Hu XL, Liu XP, Lin SX et al: NDRG2 expression and mutation in human liv-
er and pancreatic cancers. World J Gastroenterol, 2004; 10(23): 3518-21

Nichols NR: Ndrg2, a novel gene regulated by adrenal steroids and antide-
pressants, is highly expressed in astrocytes. Ann NY Acad Sci, 2003; 1007:
349-56

Li L, Wang J, Shen X et al: Expression and prognostic value of NDRG2 in hu-
man astrocytomas. J Neurol Sci, 2011; 308(1-2): 77-82

Ma J, Jin H, Wang H et al: Expression of NDRG2 in clear cell renal cell car-
cinoma. Biol Pharm Bull, 2008; 31(7): 1316-20

Ma JJ, Liao CG, Jiang X et al: NDRG2 suppresses the proliferation of clear
cell renal cell carcinoma cell A-498. J Exp Clin Cancer Res, 2010; 29(1): 1-7

Kim A, Kim MJ, Yang Y et al: Suppression of NF-kappaB activity by NDRG2
expression attenuates the invasive potential of highly malignant tumor
cells. Carcinogenesis, 2009; 30(6): 927-36

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



