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ABSTRACT. Genetic and epigenetic factors affecting DNA methylation
and gene expression are known to be involved in the development of
colon cancer, but the full range of genetic alterations and many key
genes involved in the pathogenesis of colon cancer remain to be
identified. NPRL2 is a candidate tumor suppressor gene identified in
the human chromosome 3p21.3 region. We evaluated the role of this
gene in the pathogenesis of colorectal cancer by investigating NPRL2
mRNA expression in 55 matched normal and tumor colon tissue samples
using quantitative RT-PCR analysis. There was significantly decreased
NPRL2 expression in 45% of the patients. Lower NPRL2 expression
was observed significantly more frequently in poorly differentiated
tumor samples than in highly or moderately differentiated tumors. We
conclude that expression of NPRL2 contributes to progression of colon
cancer.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer, incidence worldwide is
increasing, and almost 80% of cases are sporadic (Jemal et al., 2009; Ferlay et al., 2010).
Genetic and environmental risk factors such as lifestyle and nutrition modulate colon cancer
development (Ahmed, 2006). Although improvements in early detection and treatment have
decreased mortality rates in recent years, prevention and therapy of CRC remain major public
health problems. Currently, the prognosis of CRC is determined primarily by pathological
parameters and the stage of disease. Early diagnosis together with treatment gives patients a
chance for full recovery.
Tumor suppressor genes represent one of the main classes of cancer-associated genes,
and their identification constitutes a major effort in cancer research today. Loss of heterozygosity and homozygous deletion of the chromosome 3p21.3 region have been reported in the
early stages of various epithelial tumors, such as lung, breast, cervical, oral cavity, ovary, and
kidney cancer (Kok et al., 1997; Braga et al., 1999; Lazo, 1999; Lerman and Minna, 2000;
Wistuba et al., 2000). Frequent chromosome losses in this region suggest that this region may
harbor tumor suppressor genes, and researchers have formed a consortium to search a tumor
suppressor gene in this region (Lerman and Minna, 2000). As a result of these efforts, multiple
tumor suppressor genes have been identified at the centromeric domain of 3p21.3 (LUCA
region) (Lerman and Minna, 2000).
The nitrogen permease regulator like-2 gene (NPRL2) is one of the candidate tumor
suppressor genes identified in this region, and genomic abnormalities in the 3p21.3 region
are found in various human cancers (Lerman and Minna, 2000; Wistuba et al., 2000). These
results suggest that the NPRL2 gene may be a tumor suppressor and that its inactivation
may promote tumorigenesis. The NPRL2 gene is composed of 11 exons and encodes a 380
amino-acids protein. Multiple splice isoforms of NPRL2 are expressed in different tissue
types. However, the mechanism of NPRL2-mediated tumor suppression remains unknown.
Recent studies have suggested that NPRL2 is involved in DNA mismatch repair, cell cycle
checkpoint signaling, and regulation of apoptosis (Lerman and Minna, 2000; Wistuba et al.,
2000; Schenk et al., 2003; Li et al., 2004). Overexpression of NPRL2 in some tumor cell
lines has been reported to induce apoptosis and inhibit proliferation (Schenk et al., 2003; Li
et al., 2004).
The aim of this study was to determine the expression level of NPRL2 as a tumor
suppressor gene in patients with colon cancer.

MATERIAL AND METHODS
Tumor and corresponding normal colon tissue samples were obtained from 55 patients undergoing surgey at the Department of General Surgery in the Istanbul Medical Faculty, Istanbul University. Of the 55 cases, 19 (37.26%) were women with a mean age of 66.41
years (range 53-86 years) and 32 (62.74%) were men with a mean age 60.45 years (range
36-87 years). For each sample, data on age at diagnosis, gender, clinical stage, and histological tumor type and grade were recorded. The characteristics of the patients are summarized
in Table 1.
Total RNA was extracted from both tumor and non-tumor samples with an SV Total
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RNA Isolation Kit (Promega, USA). cDNA was synthesized from total RNA using a RevertAid First Strand cDNA Synthesis Kit (Fermentas, Lithuania) according to the manufacturer
protocol.

Quantitative real-time PCR (qRT-PCR)
The real-time PCR (RT-PCR) was carried out with a Light Cycler (Roche Molecular
Biochemicals, Germany) in a total volume of 20 µL. A primer set specific for the translated region of NPRL2, 5'-TGGGACCCAAGATCACCTAT-3' (forward) and 5'-GCTTGTTCTGCA
GCTCTGG-3' (reverse), was used. Equal amounts of cDNA, derived from 10 ng to 5 μg total RNA, was used for each PCR. PCR conditions consisted of 10 min at 95°C, 45 cycles of
95°C for 10 s, 52°C for 10 s. and 72°C for 10 s. and a cooling step of 30 s at 40°C. Using the
GAPDH (glyceraldehyde 3-phosphate dehydrogenase) gene as a control, the relative amount
of mRNA was calculated by dividing the value of NPRL2 expression by that of GAPDH for
each sample. External standards were prepared by serial dilution of cDNA from normal tissue.
qRT-PCR was performed at least three times for each sample, which included a no-template
sample as the negative control. The local ethics committee approved the study and all patients
provided their written informed consent.

Statistical analysis
We used an unpaired chi-square test to analyze the differences in NPRL2 expression
levels between the colon tumors and non-cancerous colon tissues. To analyze the correlation
between NPRL2 expression and clinicopathological parameters, differences in the numerical
data between the two groups were evaluated using the chi-square test. Statistical analysis was
performed using the PASW Statistics 18 software (SPSS 18).

RESULTS
In this study, we used tissue samples from 55 patients with colon cancer. Expression of the NPRL2 gene was analyzed by qRT-PCR. Down-regulation of mRNA expression
was detected in the tumor tissue samples (Figure 1). The median expression level of NPRL2
mRNA in non-cancerous colon tissue was 1.07, while that was in tumor tissue was 0.965. The
difference between the two groups was not significant (P = 0.094). The level of NPRL2 mRNA
expression in 25 tumor samples (45.45%) was lower than the median. In 28 (50.9%) samples,
NPRL2 expression was higher than the median. NPRL2 expression was not observed in two
of the tumor tissue samples (Table 1).
For statistical analysis, the patients were divided into two groups according to the
NPRL2 expression level. Expression levels lower and higher than the median value were classified as low and high expression, respectively. From this analysis a significant correlation was
detected between NPRL2 expression and histologic grade in the tumor tissue samples. Lower
NPRL2 expression was observed more frequently in poorly differentiated tumor samples than
in highly or moderately differentiated tumors (P = 0.033). However, no significant correlation
was detected between the NPRL2 expression and other clinicopathological parameters such as
gender, age, grade, and histologic type (P > 0.05).
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Figure 1. Expression levels of NPRL2 gene in (A) in colon tumor and (B) matched normal colon tissue samples.

Table 1. Distribution of NPRL2 expression by clinicopathologic characteristic of the patients.
Clinicopathological Variable
Number (%)		Expression in normal tissue		Expression in tumor tissue
feature		
of case
				
Increased Unchanged Decreased Increased Unchanged Decreased
				
(%)
(%)
(%)
(%)
(%)
(%)
Gender
Age
Histologic type

Histologic grade
Stage

Female
Male
60 >
60 ve 60 <
Adenocarcinoma
Mucinous
Signet ring cell
Well differentiated
Moderately differentiated
Poorly differentiated
I
II
III
IV

19
32
20
28
33
12
3
15
9
8
2
14
12
4

37.26
62.74
41.7
58.3
68.75
25
6.25
46
28
25
6
44
38
12

31.58
18.75
40
14.28
24.24
33.3
0
20
11.1
50
0
14.28
41.7
25

21.05
31.25
25
32.14
27.27
33.3
33.3
26.7
44.45
25
50
42.86
25
0

47.37
50
35
53.58
48.48
33.3
66.7
53.3
44.45
25
50
42.86
33.3
75

36.84
31.25
25
35.72
36.37
25
0
13.34
22.23
37.5
0
14.29
41.67
0

26.32
40.63
40
32.14
33.33
41.67
25
33.33
33.33
50
50
35.71
25
75

36.84
28.12
35
32.14
30.3
33.33
75
53.33
44.44
12.5
50
50
33.33
25

DISCUSSION
Loss of heterozygosity or homozygous deletion of the human chromosome 3p21.3
region is frequently reported in the epithelia in human cancers such as lung, breast, ovarian,
cervical, head and neck, kidney, and colon tumors (Maitra et al., 2001; Imreh et al., 2003;
Genetics and Molecular Research (2012) Ahead of Print

©FUNPEC-RP www.funpecrp.com.br

NPRL2 expression in colon cancer

Protopopov et al., 2003; Shiomi et al., 2003; Petursdottir et al., 2004; Senchenko et al., 2004).
These observations have led to the identification of several tumor suppressor genes in this
region (Lerman and Minna, 2000; Senchenko et al., 2004). NPRL2 is one of the candidate
tumor suppressor genes mapped to the 3p21.3 region (Lerman and Minna, 2000; Wistuba et
al., 2000). Recently, it has been shown that NPRL2 has tumor suppressing potential in vitro
and in vivo, and it has been suggested that it is involved in DNA mismatch repair, cell cycle
checkpoint signaling, and regulation of the apoptotic pathway (Ji et al., 2002; Schenk et al.,
2003; Li et al., 2004). Previous reports also indicated that NPRL2 is inactivated in various
human cancers and cancer cell lines by aberrant splicing of its transcripts and/or intragenic
homozygous deletions (Lerman and Minna, 2000; Li et al., 2004).
Approximately 15% of all colorectal tumors are characterized by a deficiency in the
DNA mismatch repair system and MSI genotype (Boland et al., 1998; Wheeler et al., 2000;
Grady, 2004). Preliminary observations indicate an association between microsatellite instability and inactivating homozygous deletion of the 3'-coding region of NPRL2 in various
human primary tumors (Li et al., 2004). These results suggest that NPRL2 may be a novel
mismatch repair gene. Therefore, we investigated NPRL2 gene expression in colon tumor tissue samples. We observed a decrease in NPRL2 mRNA level in 45.45% of the colon cancer
patients. Downregulation of NPRL2 has been reported for some cancers such as non-smallcell lung carcinoma (NSCLC), hepatocellular carcinoma (HCC), and esophageal squamous
cell carcinoma at different frequencies (Yi-Lo et al., 2006; Otani et al., 2009; Senchenko
et al., 2010). The downregulation rate in our study is similar to the levels observed in HCC
and esophageal squamous cell carcinoma (ESCC), but it is lower than the rates described
for NSCLC (Yi-Lo et al., 2006; Otani et al., 2009; Senchenko et al., 2010). Senchenko et
al. (2010) reported NPRL2 downregulation in 73% of all NSCLC cases. However, downregulation of NPRL2 was significantly different between squamous cell tumors (85%) and
adenocarcinomas (44%) in the NSCLC patients. Most of the tumors in our study group (69%)
were adenocarcinomas, and NPRL2 expression was similarly downregulated in 45.5% of this
subgroup. Otani et al. (2009) reported similar NPRL2 expression levels in both normal liver
and HCC tumor tissues. However, when they analyzed NPRL2 expression according to the
clinicopathological characteristics of the patients, they revealed that low NPRL2 expression
levels are correlated with shorter overall and disease-free survival in HCC patients (Otani et
al., 2009). In our study group, the expression levels in normal and tumor tissues were different but the difference was not statistically significant. Ji et al. (2002) investigated the effect of
the NPRL2 gene on tumor cell proliferation and apoptosis in human lung cancer cells using
recombinant adenovirus-mediated gene transfer in vitro and in vivo. They showed that three
of the candidate tumor suppressor genes located on 3p21.3, including NPRL2, significantly
inhibited tumor cell growth in 3p-deficient NCI-H1299 and A549 NSCLC cells by inducing
apoptosis and altering cell cycle processes. Their in vivo experiments also showed that intratumoral injection or systemic administration of Ad-NPRL2 and protamine-complexed vectors
suppressed growth of H1299 and A549 xenografts and inhibited lung metastasis, respectively,
in nu/nu mice. Our results are in accordance with these results. This is because poorly differentiated tumors in our study group. Poor differentiation is an indicator of worse prognosis with
higher rates of metastasis in colon cancer (Chung et al., 1982). Ueda et al. (2006) also reported
that NPRL2 might have a potential as a biomarker to predict cisplatin response and prognosis
in lung cancer. They also indicated that NPRL2 might be a molecular therapeutic target for
patients not responding to cisplatin.
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In conclusion, our results indicate that a decrease in NPRL2 expression may be involved in the development of colon cancer. Therefore, the NPRL2 expression level may have
utility as a prognostic factor in colon cancer. This is the first report on the NPRL2 gene expression in colon cancer demonstrating down-regulation of the gene and its association with tumor
histologic grade. However, there is a need for further studies to analyze NPRL2 expression in
various cancer types and larger patient groups.
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