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ABSTRACT. Monocyte chemoattractant protein 1 (MCP-1) is an 
important chemokine that has a dose-dependent anti-tumoral effect. 
Polymorphism in the MCP-1 distal regulatory region (-2518A/G) can 
affect the level of MCP-1 expression. We examined the polymorphisms of 
112 unrelated patients with non-small-cell lung cancer (NSCLC) and 82 
unrelated healthy controls of Han nationality in North China using PCR-
RFLP. We found that the distributions of AA, AG and GG genotypes of 
MCP-1-2518 were significantly different in NSCLC patients compared 
to controls (χ2 = 10.106, P = 0.006). There was a significant increase in 
the frequency of the AA genotype (odds ratio (OR) = 3.138, χ2 = 8.905, P 
= 0.003) and a significant decrease in the frequency of the GG genotype 
(OR = 0.516, χ2 = 4.613, P = 0.032) in the NSCLC patients, compared to 
controls. The frequencies of AA, AG and GG genotypes did not differ in 
the NSCLC patients according to the number of pack-years smoked. Based 
on these results, we suggest that the MCP-1 -2518A/G polymorphism is 
associated with genetic susceptibility to NSCLC.
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INTRODUCTION

Lung cancer is a common malignant tumor worldwide and now it has become the 
leading cause of cancer-related deaths (Jemal et al., 2008). In the past decade, the morbidity 
and mortality of lung cancer have markedly increased (Yang et al., 2004). There are two main 
types of lung cancer: small-cell lung cancer and non-small-cell lung cancer (NSCLC); NSCLC 
accounts for approximately 85% of all cases of lung cancer and its prognosis is poor (Visbal 
et al., 2004). Efforts at improving the poor prognosis of patients with NSCLC depend, in part, 
on a better understanding of the biology of lung cancer, including the effects of chemokines.

Monocyte chemoattractant protein 1 (MCP-1) is an important chemokine, and it is 
the third chemokine to be purified to homogeneity after platelet factor 4 and interleukin-8 
(Matsushima et al., 1989). MCP-1 has 76 amino acid residues, and its gene is located on 
17q11.2-q12 (Rollins et al., 1991b). Being a chemokine, MCP-1 can be produced by many 
kinds of cells, including macrophages, lymphocytes, neutrophils, vascular endothelial cells, 
fibroblasts, keratinocytes, and several cancer cell lines (Mackay, 1997; Distler et al., 2001; 
Arndt et al., 2004; Lee et al., 2004; Mestdagt et al., 2006). Not only can it stimulate chemo-
taxis of peripheral blood monocytes and memory T cells, but it also induces calcium flux, 
respiratory burst activity and adhesion molecule and proinflammatory cytokine expression in 
monocytes (Rollins et al., 1991a; Jiang et al., 1992; Carr et al., 1994; Charo and Ransohoff, 
2006). Thus, MCP-1 may play an important role in the biology of NSCLC. In fact, it has been 
demonstrated that MCP-1 is related to macrophage infiltration (Arenberg et al., 2000) and 
bone metastases (Cai et al., 2009) in NSCLC. However, to the best of our knowledge, studies 
on polymorphisms of MCP-1 -2518A/G in NSCLC are scarce.

In our study, we examined the polymorphisms of 112 unrelated patients with NSCLC 
and 82 unrelated healthy controls of Han nationality in North China using polymerase chain 
reaction-restriction fragment length polymorphism (PCR-RFLP). The aim of our study was to 
investigate the role of polymorphisms of MCP-1 -2518A/G in genetic susceptibility to NSCLC.

MATERIAL AND METHODS 

Subjects

The study enrolled 112 unrelated patients with NSCLC of Han nationality from North 
China. All patients were admitted to our hospital between October 2008 and February 2009, 
and the diagnosis of lung cancer was made histologically. The subjects ranged in age from 36 
to 78 years; 67 of them were males and 45 were females. Forty-six patients were non-smokers 
and 66 patients were smokers; the mean pack-years of all smokers was 38.71 (SD = 25.79). 
The 82 controls were unrelated healthy people of Han nationality from North China, 45 of 
them were males and 37 were females. All had undergone a chest X-ray check and did not 
show any anomaly. All subjects gave informed consent for this study. 

MCP-1 promoter genotyping

Genomic DNA from patients and controls was extracted by standard techniques from 
peripheral blood leukocytes (Davis et al., 1980; Miller et al., 1988). The A to G polymorphism 
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of MCP-1 at position -2518 was identified by PCR and RFLP. We used the EQ5.5-50 Easy-
DoTM PCR  PreMix system (bought from SBS Genentech Co., Ltd., China), which contained 
2 U Taq DNA polymerase, 5 µL 10X PCR buffer, 5 µL loading dye and 5 µL stabilizer. Added 
to the system were 2 µL DNA, 2 µL forward primer, 2 µL reverse primer and 30 µL pure wa-
ter. The forward primer was 5’-TTCTCTTCTACGGGATCTGGG-3’, and the reverse primer 
was 5’-GTCTCTCCTGGCTTAGTCAT-3’. PCR was performed under the following cycling 
condition: 95°C for 3 min, followed by 94°C for 40 s, 59°C for 40 s and 74°C for 40 s for 35 
cycles, with a final extension step at 72°C for 4 min. Ten microliters PCR product was digested 
with 2 U PvuII in a final volume of 20 µL that contained 2 µL 10X enzyme buffer, for 16 h. 
The resulting fragments were separated by electrophoresis on a 2% agarose gel and were vi-
sualized under UV light after staining with ethidium bromide.

Statistical analysis

Allele and genotype frequencies were calculated by direct counting. The Hardy-Wein-
berg equilibrium was determined by the Arlequin version 2.000 program. The frequency dif-
ferences of alleles and genotypes between the different groups were estimated using the χ2 test 
with the SPSS version 13.0 program. The level of significance was set at P < 0.05. 

RESULTS

Mcp-1 genotyping

The PCR products were 466-bp fragments. The fragments contained a unique PvuII 
restriction site, this restriction site is intact if G is at position -2518. Thus, the PvuII digestion 
DNA segment from G/G homozygous individuals would yield two fragments: 327 and 139 bp; 
DNA from G/A heterozygous individuals would yield three fragments: 466, 327 and 139 bp; 
DNA from A/A homozygous individuals would yield only one fragment: 466 bp (Figure 1).

Figure 1. Three genotypes separated by electrophoresis. Lanes 1 and 2 = AG genotype; lanes 3 and 4 = GG 
genotype; lanes 5 and 6 = AA genotype; lane 7 = 100-bp DNA marker.
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Alleles and genotypes of MCP-1 in NSCLC patients and controls

The distributions of AA, AG and GG genotypes of MCP-1-2518 did not deviate from 
the Hardy-Weinberg equilibrium (P > 0.05) in both NSCLC patients and controls, and the 
distribution was significantly different in NSCLC patients compared to controls (χ2 = 10.106, 
P = 0.006; Table 1). There was a significant increase in the frequency of the AA genotype (OR 
= 3.138, χ2 = 8.905, P = 0.003) and a significant decrease in the frequency of the GG genotype 
(OR = 0.516, χ2 = 4.613, P = 0.032) in NSCLC patients compared to controls. The frequencies 
of the A/G alleles in the two groups were also different, the frequency of allele A was higher 
in lung cancer patients (Table 2). 

 AA GG AG χ2 P P of H-W equilibrium

Normal 0.122 (10/82) 0.415 (34/82) 0.463 (38/82) 10.106 0.006 1.000
NSCLC  0.303 (34/112)   0.268 (30/112)   0.429 (48/112)   0.137

Table 1. Hardy-Weinberg equilibrium and comparison of the distribution of the genotypes in non-small-cell lung 
cancer (NSCLC) patients and controls.

              AA               GG         AG               A                G

Normal 0.122 (10/82) 0.415 (34/82) 0.463 (38/82)   0.354 (58/164)   0.646 (106/164)
NSCLC 0.303 (34/112) 0.268 (30/112) 0.429 (48/112)   0.518 (116/224)   0.482 (108/224)
χ2 8.905 4.613 0.233 10.320 10.320
P 0.003 0.032 0.629   0.001   0.001
OR (95%CI) 3.138 (1.480-6.652) 0.516 (0.282-0.944)    1.963 (1.301-2.962)   0.509 (0.337-0.768)

Table 2. Alleles and genotypes of MCP-1 in non-small-cell lung cancer (NSCLC) patients and controls.

Genotypes of MCP-1 in non-smokers and smokers with NSCLC 

Among the NSCLC patients, 46 were non-smokers and 66 were smokers. The fre-
quencies of AA, AG and GG genotypes were 36.4, 27.3 and 36.4% in non-smokers and 21.7, 
26.1 and 52.2% in smokers, respectively. The difference was not statistically significant (χ2 = 
3.505, P = 0.173; Table 3).

          AA         GG         AG    χ2    P

Non-smokers (N = 46) 0.217 (10/46) 0.261 (12/46) 0.522 (24/46) 3.505 0.173
Smokers (N = 66) 0.364 (24/66) 0.273 (18/66) 0.364 (24/66)

Table 3. Genotypes of MCP-1 in non-smokers and smokers with non-small-cell lung cancer.

Genotypes of MCP-1 in NSCLC patients with different number of pack-years 
smoked 

According to the number of pack-years smoked, we divided the NSCLC patients into 
three groups: non-smokers and mild smokers (0 to <16.1 pack-years), moderate smokers (16.1 
to <30.3 pack-years) and heavy smokers (≥30.3 pack-years) (Gu et al., 2009). The frequen-
cies of genotypes AA, AG and GG showed no difference in the three groups (χ2 = 7.975, P = 
0.092; Table 4). 

H-W = Hardy-Weinberg.
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DISCUSSION

Being a potent chemokine, the influence of MCP-1 on monocytes and macrophages 
allows it to play an important role in inevitable tumor immunity. It has been demonstrated 
that MCP-1 can suppress tumor growth both in T lymphocyte-independent and lymphocyte-
dependent manners, where the effect is notably dose-dependent (Rollins and Sunday, 1991; 
Walter et al., 1991; Manome et al., 1995). Rovin et al. (1999) found that the polymorphism in 
the MCP-1 distal regulatory region (-2518A/G) could affect the transcriptional activity and the 
level of MCP-1 expression. Under the same conditions, the MCP-1 production by monocytes 
from A/A homozygous individuals was the least, and from G/G homozygous individuals was 
the most (Rovin et al., 1999). Thus, MCP-1 polymorphism may have some effect on tumor 
immunity and result in inconsistency of tumor susceptibility through the influence of MCP-
1 production. Vázquez-Lavista et al. (2009) studied the polymorphism of MCP-1-2518 and 
found that the distribution of AA, AG, and GG genotypes of MCP-1-2518 was significantly 
different in bladder cancer patients compared to controls (P = 0.006). There was a significant 
decrease both in the frequency of G allele (P = 0.021, OR = 1.752, 95%CI = 1.088-2.828) 
and in the GG genotype (P = 0.001, OR = 6.097, 95%CI = 1.885-19.570) in transitional cell 
carcionoma patients, compared to controls (Vázquez-Lavista et al., 2009). It supported the 
supposition that MCP-1 polymorphism may partly affect tumor susceptibility.

Our results showed that the frequency of the AA genotype was higher in NSCLC pa-
tients than in controls (P = 0.003, OR = 3.318, 95%CI = 1.480-6.652), that the frequency of the 
GG genotype was lower in NSCLC patients than in controls (P = 0.032, OR = 0.516, 95%CI 
= 0.282-0.944), and that the frequency of the A allele was higher in NSCLC patients than in 
controls (P = 0.001, OR = 1.963, 95%CI = 1.301-2.962). These results are similar to those of 
Vázquez-Lavista et al. (2009). Therefore, we suggest that AA genotype individuals may have 
a higher susceptibility to NSCLC and that GG genotype individuals may have a lower suscep-
tibility, mechanisms that may be related to the dose-dependent anti-tumor effect. 

It is well known that there is a significant dose-response association between smoking 
and the risk of lung cancer (Jockel et al., 1998; Franco-Marina et al., 2006; Neuberger et al., 
2006). Thus, we wanted to evaluate whether the smoking history can influence the association 
between genetic polymorphism of MCP-1 and NSCLC. First, we divided the NSCLC patients 
into non-smokers and smokers and found that the frequencies of AA, AG and GG genotypes 
showed no difference between the two groups. Second, we divided the NSCLC patients into 
three groups according to the number of pack-years smoked using the cut-off of a large sam-
ple-size study on smoking in Chinese people (Gu et al., 2009) and found that the frequencies 
of AA, AG and GG genotypes did not differ between the three groups.

In conclusion, our results suggest that the polymorphism in the MCP-1 distal regula-
tory region (-2518A/G) may be associated with susceptibility to NSCLC in the Han popula-

No. of pack-years          AA         GG          AG    χ2       P

0 to <16.1 (N = 54) 0.185 (10/54) 0.296 (16/54) 0.519 (28/54) 7.975 0.092
16.1 to <30.3 (N = 30) 0.400 (12/30) 0.200 (6/30) 0.400 (12/30)
≥30.3 (N = 28) 0.429 (12/28) 0.286 (8/28) 0.286 (8/28)

Table 4. Genotypes of MCP-1 in non-small-cell lung cancer patients with different pack-years smoked.
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tion of North China. As far as we know, this is the first study to show the association between 
MCP-1 polymorphism and NSCLC. In view of the small sample size and the limited ethnic 
variation among subjects (all subjects were of Han nationality from North China), additional 
large sample-size studies and studies in other populations are needed to confirm the association.
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