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ABSTRACT. The objective of this study was to examine the 
association between TNF-α serum levels and -308G>A and -238G>A 
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polymorphisms in the corresponding gene by comparing healthy subjects 
to colorectal cancer (CRC) patients from a Mexican population. Serum 
levels of TNF-α were found to significantly differ between CRC patients 
and controls (P = 0.001), but no relationship between the -308G>A and 
-238G>A polymorphisms and increased CRC risk was established (P 
> 0.05). However, an association between the -308G>A variant and 
disease became evident when the distribution of AA-GA genotypes 
was examined in patients with hematologic toxicity (neutropenia) and 
those without (odds ratio = 3.356, 95% confidence interval = 1.295-
8.698, P = 0.013). The GG haplotype was more common in controls 
than CRC patients, with a frequency of 0.85 among the former, but this 
difference was not significant (P > 0.05). In conclusion, TNF-α serum 
levels and AA-AG genotypes of the TNF-α -308G>A polymorphism 
may significantly contribute to CRC susceptibility in the population 
examined in this investigation.
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INTRODUCTION

Colorectal cancer (CRC) is a disease characterized by the presence of uncontrolled 
cell growth in the colon and rectum (Alberts et al., 2014). The prognoses for stages I and II are 
favorable and have been associated with a 40% five-year survival rate. CRC is one of the most 
common diseases in developing countries and presents a significant public health problem 
due to its social implications, high healthcare costs, and increasing rates of diagnosis (Alberts 
et al., 2014; Binefa et al., 2014). This disease is estimated to be the third most common 
malignancy in men and the second such in women, representing 10% (746,000) and 9.2% 
(614,000) of all male and female cancer cases, respectively. Approximately 60% of CRC cases 
are diagnosed in developed countries, and its incidence varies between different ethnic groups 
(DeSantis et al., 2014; Parkin et al., 2014; Siegel et al., 2014; Ferlay et al., 2015). In Mexico, 
the cancer is considered to be the second leading cause of death, and particulary the CRC is 
responsible for 4% of all cancer-related mortalities (García-Osogobio et al., 2015). According 
to data generated by García-Osogobio et al. in 2015, the prevalence of adenomas detected by 
screening colonoscopy in the Mexican population is not different from that published in world 
literature. In 2008, Mexico reported 4031 CRC cases per 10,000 individuals (SINAIS, 2011). 
More than 80% of CRC patients are treated for stage III and IV tumors, and an increase in the 
frequency of CRC sufferers requiring treatment has been observed in recent years (Ferlay et 
al., 2015). The World Health Organization estimates that by 2030, there will be millions of 
symptomatic CRC cases and millions more currently asymptomatic individuals who will have 
developed cancer by that date. Previous research has implicated a variety of risk factors in 
sporadic CRC occurrence, including age, a diet rich in red meat and saturated fat and low in 
fiber, tobacco and alcohol consumption, a sedentary lifestyle, and overweight (Alberts et al., 
2014; Binefa et al., 2014; DeSantis et al., 2014; Parkin et al., 2014; Siegel et al., 2014; Ferlay 
et al., 2015). CRC is regarded as a multifactorial disease that may result from interactions 
among genes, proteins, and environmental factors. It develops through a gradual accumulation 
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of genetic and epigenetic changes that transform normal colonic mucosa into invasive cancer 
tissue (Alberts et al., 2014). This process is promoted through chemical mediators, such as 
neuropeptides, cytokines, and growth factors, which participate in mucosal inflammation. 
Tumor necrosis factor-alpha (TNF-α) has been reported to be among the cytokines involved 
in this process (Bernstein, 2005).

The TNF-α gene, located on chromosome 6p21.3, is 3 kb long, contains four exons, 
and encodes a proinflammatory cytokine secreted primarily by macrophages. The soluble 
TNF-α molecule binds to its receptors, TNFR1 and TNFR2, to stimulate the expression of 
the JUN oncogene, which participates in apoptosis. TNF-α also plays a role in angiogenesis 
(Cereda et al., 2012; Gómez Flores-Ramos et al., 2013) by inducing the expression of 
adhesion molecules and facilitating the invasion of metastatic tumor cells (Gómez Flores-
Ramos et al., 2013; Zelová and Hošek, 2013). In vitro and in vivo studies have shown 
that high levels of TNF-α are associated with poor prognoses in cancer patients due to its 
tumorigenic effects (Champ et al., 2012; Gómez Flores-Ramos et al., 2013). Several studies 
have demonstrated a significant association between cytokine levels and increased CRC risk 
(Fan et al., 2011) or severity (Stanilov et al., 2014). However, others have failed to establish 
a link between TNF-α and susceptibility to this disease (Landi et al., 2006; Crucitti et al., 
2015). The -308 (rs1800629) and -238 (rs361525) polymorphisms in the promoter region of 
the TNF-α gene have been reported to correlate with increased TNF-α production (Cereda 
et al., 2012). Studies have also associated these polymorphisms with complex diseases, 
including breast cancer and CRC (Fan et al., 2011; Gómez Flores-Ramos et al., 2013; 
Stanilov et al., 2014). According to National Center for Biotechnology Information 2012 
population data, the rs1800629 minor allele (A) frequency is 5-10, 0.8-14, 0-2, and 0-8% 
among European, African, Asian, and Mexican populations, respectively (Parra-Rojas et al., 
2006; Gómez Flores-Ramos et al., 2013). The rs361525 minor allele is only present in the 
heterozygous genotype, and has previously been reported to be present at a frequency of 
0.1-0.2%, based on different population data (Mohamed et al., 2010; Vázquez-Huerta et al., 
2014). Although these polymorphisms have been connected to various diseases, including 
CRC (Fan et al., 2011; Shen et al., 2011; Cereda et al., 2012; Chu et al., 2012; Gómez 
Flores-Ramos et al., 2013; Stanilov et al., 2014; Vázquez-Huerta et al., 2014), study results 
have been inconsistent. The aim of this investigation was to measure TNF-α concentration 
in the plasma of Mexican CRC patients and determine its relationship with the -308G>A and 
-238G>A polymorphisms and haplotypes of the TNF-α gene.

MATERIAL AND METHODS

Plasma TNF-α quantification was performed using a human TNF-α Quantikine 
enzyme-linked immunosorbent assay kit (R&D Systems, Inc., Minneapolis, MN, USA) 
following the manufacturer protocol. A standard curve was generated to determine plasma 
TNF-α concentrations using Excel (Microsoft, Redmond, WA, USA).

DNA was extracted from peripheral blood lymphocytes using standard protocols 
(Miller et al., 1988). Blood samples were collected from 209 healthy blood donors with an 
average age of 37.91 years. These volunteers were not age-matched with the patient group. 
Blood samples were also collected from 164 patients with clinically and histologically 
confirmed CRC. All patients were residents of the metropolitan area of Guadalajara and 
were recruited from June 2013 to September 2015. Samples were obtained after all patients 
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had provided written informed consent, as approved by the Ethics Committee 1305. No 
familial samples were included. Clinical and demographic data were obtained using written 
questionnaires. All patients were also interviewed to determine exposure to occupational risks 
and current drug regimens.

The TNF-α promoter region was amplified by polymerase chain reaction according 
to the details outlined in Table 1, and genotyped as in Figure 1A and B (Wilson et al., 1992; 
Sanguinetti et al., 1994; Gómez Flores-Ramos et al., 2013).

Table 1. Polymerase chain reaction conditions for amplification of TNF-α -308G>A and -238G>A sequences.
SNP Primer sequence (5'-3') Reaction mixture Annealing temperature (°C) Restriction enzyme Genotype 
-238G>A AAACAGACCACAGACCTGGTC (Wilson et al., 1992) 0.2 mM dNTPs, 2.0 mM MgCl2, 5 pmol primers 61 BamHI AA (155 bp) 

GA (155 + 130 + 25 bp) 
GG (130 + 25 bp) 

 CTCACACTCCCCATCCTCCCGGATC     
-308G>A AGGCAATAGGTTTTGAGGGCCAT  

(Gómez Flores-Ramos et al., 2013; Mohamed et al., 2010) 
0.2 mM dNTPs, 2.5 mM MgCl2, 5 pmol primers 60 NcoI AA (107 bp) 

GA (109 + 87 + 20 bp) 
GG (87 + 20 bp) 

 TCCTCCCTGCTCCCGGATTTCCG     
 

Figure 1. Electrophoresis on 8% polyacrylamide gels (19:1). A. Detection of TNF-α -308 GG (87 bp), GA (107 
and 87 bp), and AA (107 bp) genotypes. B. Detection of TNF-α -238 GG (130 and 25 bp), GA (130, 155, and 25 
bp), and AA (155 bp) genotypes.

Allele frequencies were obtained by direct counting. Hardy-Weinberg equilibrium 
(HWE) was tested by a goodness-of-fit chi-square test to compare observed and expected 
genotype frequencies among control subjects. Odds ratios (ORs) and 95% confidence intervals 
(CIs) were also calculated. A two-tailed P value <0.05 was considered to represent statistical 
significance. All statistical analyses were performed using the PASW Statistics Base 18 
software (SPSS Inc., Chicago, IL, USA). Haplotype analysis was performed using the online 
program http://bioinfo.iconcologia.net/SNPstats.

RESULTS

Table 2 shows the comparative epidemiological data ascertained from CRC patients 
and control subjects. In the patient group, the average age was 59.51, ranging from 23 to 92 
years. Fifty-four percent (88/164) of these patients were men. Tobacco (adjusted OR = 3.4, 

Allele discrimination was performed using 8% polyacrylamide gel (19:1) electrophoresis followed by silver 
staining (Sanguinetti et al., 1994). SNP = single nucleotide polymorphism, dNTPs = deoxynucleotide triphosphates
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95%CI = 1.6-7.3, P = 0.001) and alcohol consumption (OR = 5.1, 95%CI = 2.4-11.0, P < 
0.0001), and family history of diabetes mellitus, arterial hypertension, and cancer (OR = 9.0, 
95%CI = 1.4-60, P = 0.021) were found to be risk factors for CRC.

CRC = colorectal cancer, SD = standard deviation, OR = odds ratio, CI = confidence interval, DM = type 2 diabetes, 
AH = arterial hypertension, CA = cancer, FH = family history. *ORs from adjusted regression analysis, **based 
on Student t-tests (P value), ***positive familial history of cancer, including leukemia, in first- and second-degree 
relatives of patients.

Table 2. Demographic characteristics of the study group.

 CRC patients (N = 164) Controls (N = 209) OR (95%CI)* P 
Age (years)       
Mean (SD)** 59.51 (12.12) 37.91 (11.60)  <0.0001 
<50 years [(N) %] (32) 19.5 171 82   
50 years [(N) %] (132) 80.5 38 18 20.2 (10.6-38.8) <0.0001 
Gender       
Male [(N) %] (88) 54 (83) 40  0.9 
Female [(N) %] (76) 46 (126) 60   
Tobacco consumption       
Yes [(N) %] (80) 49 (29) 14 3.4 (1.6-7.3) 0.001 
No [(N) %] (84) 51 (180) 86  1111 
Alcohol consumption       
Yes [(N) %] (85) 52 (25) 12 5.1 (2.4-11.0) <0.0001 
No [(N) %] (79) 48 (184) 88   
FH       
No [(N) %] (116) 71 (153) 73  0.6 
DM-AH [(N) %] (33) 20 (54) 26  0.2 
DM-AH-CA*** [(N) %] (15) 9 (2) 1 9.0 (1.4-60.0) 0.021 

 

Table 3 shows the general clinical characteristics of the patient group. We observed that 
63% had rectal cancer, approximately 10% had diverticulitis, 88% had stage III-IV tumors, 57% had 
metastasis, 89% had prognoses of 1-4 years, 70% were unresponsive to chemotherapy, and 63% 
had gastric toxicity. Some patients had higher than normal angiotensin-converting enzyme (73%), 
glutamate oxaloacetate transaminase (30%), alkaline phosphatase (53%), or glucose (20%) levels.

Serum levels of TNF-α among CRC patients (N = 45) and controls (N = 35) 
were 10.345 ± 0.664 and 9.942 ± 0.140 pg/mL (mean ± standard deviation), respectively, 
representing a statistically significant difference between these groups. A comparison of serum 
TNF-α levels between patients with stage I-II (N = 15) tumors and those with stage III-IV (N 
= 30) tumors also revealed a significant difference (10.017 ± 0.256 and 10.509 ± 0.745 pg/mL, 
respectively; P = 0.017; Figure 2A and B).

Genotype and allele frequencies of the TNF-α -308G>A and -238G>A polymorphisms 
did not significantly differ between patients and controls (Table 4). All genotype distributions 
demonstrated conformance with HWE. In addition, considering the general clinical 
characteristics of the study groups, significant associations were established between GA-
AA genotypes of the -308G>A TNF-α polymorphism and neutropenia (adjusted OR = 3.35, 
95%CI = 1.295-8.698, P = 0.013) and serum glutamic pyruvic transaminase (OR = 1.024, 
95%CI = 1.008-1.041, P = 0.004) as risk factors for CRC (Table 5).

A comparative analysis failed to reveal a significant relationship between serum TNF-α 
levels and the -308G>A and -238G>A polymorphisms in the groups under investigation (data 
not shown). Haplotype frequencies, which showed linkage disequilibrium (D' = 0.6), are 
shown in Table 6.
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Table 3. Clinical characteristics of colorectal cancer patients.

CEA = carcinoembryonic antigen, SGOT = serum glutamic oxaloacetic transaminase, SGPT = serum glutamic 
pyruvic transaminase, LDH = lactate dehydrogenase, ALP = alkaline phosphatase. *According to World Health 
Organization (2004) classifications.

 N %  N % 
Cancer type   Responsive to chemotherapy   
Colon 60 37 Yes 50 30 
Rectal 104 63 No 114 70 
Personal medical history   Chemotoxicity   
None 99 60 Gastric 103 63 
DM-AH 48 30 Dermatologic 37 23 
Diverticulitis 17 10 Hematologic 67 41 
   Cardiologic 4 2 
Body mass index*   Neurologic 25 15 
18.5-19.9 (underweight) 27 17 Laboratory tests   
20-24.9 (normal weight) 68 42 CEA (µg/L)   
25-29.9 (overweight) 43 26 Normal 44 27 
30-34.9 (obesity I) 22 13 Elevated 120 73 
35 (obesity II-IV) 4 2 Hemoglobin (g/dL)   
Tumor stage   Normal 66 40 
I-II 18 12 Low 98 60 
III-IV 146 88 SGOT (IU/L)   
Adenocarcinoma histology   Normal 115 70 
Well-differentiated 40 24 High 49 30 
Poorly differentiated 121 74 SGPT (IU/L)   
Undifferentiated 3 2 Normal 138 84 
Lymph node involvement   High 26 16 
Yes 70 43 LDH (IU/L)   
No 94 57 Normal 85 52 
Metastasis   High 79 48 
Yes 94 57 ALP (IU/L)   
No 70 43 Normal 77 47 
Prognosis   High 87 53 
1-4 years 146 89 Glucose (g/dL)   
5-9 years 12 8 Normal 132 80 
10 years 6 3 High 32 20 

 

Figure 2. TNF-α serum levels in a) the two study groups, and b) colorectal cancer patients at different clinical 
stages. CRC = colorectal cancer.
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Polymorphism CRC patients Controls OR 95%CI P 
-308G>A        
Genotypes N = 164 % N = 209 %    
GG 139 85 180 87 1.0*   
GA 21 13 27 12 0.98 0.53-1.8 0.97 
AA 4 2 2 1 2.5 0.46-14 0.26 
Alleles (2N)        
G 299 0.911 387 0.925 0.82 0.48-1.4 0.47 
A 29 0.089 31 0.075 1.2 0.71-2.0 0.47 
-238G>A        
Genotypes N = 143 % N = 49 %    
GG 127 89 42 86 1.0*   
GA 14 10 6 12 0.77 0.28-2.1 0.62 
AA 2 1 1 2 0.68 0.06-7.6 1.0 
Alleles (2N)        
G 268 0.937 90 0.918 1.3 0.55-3.1 0.52 
A 18 0.063 8 0.082 0.75 0.31-1.8 0.52 
 

Table 4. Genotype and allele distributions of TNF-α -308G>A and -238G>A polymorphisms in colorectal 
cancer patients and controls.

Table 5. Association between the TNF-α -308G>A polymorphism and more than one clinical variable in 
colorectal cancer patients.

  95%CI 
 B SD Wald d.f. P OR Lower Upper 
Neutropenia 1.211 0.486 6.206 1 0.013 3.356 1.295 8.698 
SGPT 0.024 0.008 8.184 1 0.004 1.024 1.008 1.041 
Constant -1.622 0.168 93.111 1 0.000 0.197   

 SGPT = serum glutamic pyruvic transaminase, OR = odds ratio, CI = confidence interval, SD = standard deviation, 
d.f. = degrees of freedom. Variables included in the analysis: colorectal cancer patients classified by GA-AA 
genotype (dependent); neutropenia and SGPT (independent).

Table 6. TNF-α -308G>A and -238G>A haplotype frequencies in the study groups.

CRC = colorectal cancer, OR = odds ratio, CI = confidence interval. The polymorphisms were found to be in 
linkage disequilibrium (D' = 0.6).

Haplotype Frequency 
-308 -238 Total CRC patients Controls OR (95%CI) 
G G 0.8545 0.85 0.8525 0.22 (0.08-0.58) 
A G 0.078 0.0873 0.0648 0.10 (0.02-0.43) 
G A 0.0651 0.0616 0.0734 0.43 (0.07-2.56) 
A A 0.0024 0.0011 0.0094  

 

CRC = colorectal cancer, OR = odds ratio, CI = confidence interval. *Reference genotype. Hardy-Weinberg 
equilibrium among controls: P = 0.9515 for -308G>A; and P = 0.199 for -238G>A

DISCUSSION

CRC is a multifactorial disease with a complex etiology. In this sense, it is important 
to perform epidemiological studies that include risk factors to determine possible causes of 
this complicated disease in different populations. In Mexico, CRC is considered to be a major 
health issue, as its incidence has increased over the last 20 years, and it is currently one of the 
leading causes of death for both women and men (Gallegos-Arreola et al., 2009; Alberts et al., 
2014; Binefa et al., 2014; Siegel et al., 2014). These facts are consistent with the observations 
made in our current study, in which the average patient age was 59.51 ± 12.12 years. Many 
studies have observed a high incidence of CRC in patients approximately 50 years old (Alberts 
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et al., 2014, Binefa et al., 2014; DeSantis et al., 2014; Parkin et al., 2014; Siegel et al., 2014; 
Ferlay et al., 2015). The increased frequency of this disease may be due to lifestyle changes 
in the Mexican population, such as diet (including food additives) and exposure to toxic 
substances. These lifestyle modifications combined with changes in longevity may contribute 
to the incidence of CRC in this country.

In this study, we found the consumption of tobacco and alcohol to be present as 
risk factors in 49 and 52% of CRC patients, respectively. CRC is not considered a strictly 
tobacco-related malignancy, but an association between smoking habit and this disease has 
been observed (Johnson et al., 2013). A connection between high alcohol intake and CRC risk 
has also been described (Chan and Giovannucci, 2010); however, this relationship remains 
controversial. The mechanisms by which alcohol promotes cancer are unknown, but some 
recent studies have suggested that it might reduce folate levels, contributing to abnormal 
DNA methylation and inducing cytochrome P450 enzymes to activate carcinogens (Gallegos-
Arreola et al., 2009).

In the present study, we observed an association between CRC and first- and second-
degree familial history of diabetes, arterial hypertension, and cancer. A number of articles have 
reported corresponding risk estimates (Peeters et al., 2015).

Rectal cancer was found to be present in 63% of our patient group, highlighting the 
clinical variability of CRC. New techniques and approaches that permit better detection of 
CRC are now being used in developing countries with a high incidence of this disease (Chen 
and Sheen-Chen, 2000; Gallegos-Arreola et al., 2009). Nine percent of the patients studied 
had a familial history of cancer (7% of which reported a family history of grade I CRC; 
data not shown). This frequency is consistent with the overall rates reported in the literature 
concerning cancer in individuals with or without family history of CRC (Gallegos-Arreola et 
al., 2009; Henrikson et al., 2015). The body mass index (BMI) of most patients in this study 
was categorized as normal or underweight. A possible explanation for this may be that many of 
these individuals presented advanced-stage CRC, a fact reflected in the percentage of patients 
diagnosed with stage III or IV tumors (88%). In addition, gastric complications secondary to 
chemotherapy (63%) may also be responsible for the BMI data in this study.

Advances in molecular and genetic epidemiology have increased our knowledge 
of the mechanisms behind colorectal carcinogenesis, and the relationship between disease 
susceptibility and exposure to carcinogens, diet, and individual genetic variations. TNF-α 
has been identified as an important proinflammatory regulator that participates in signal 
transduction pathways and activates cellular responses, apoptosis, proliferation, differentiation, 
migration, and angiogenesis signaling cascades (Cereda et al., 2012; Gómez Flores-Ramos 
et al., 2013). Chronic inflammation may promote tumor progression through stimulation of 
the vascular endothelium to recruit leukocytes to the tumor site and trigger angiogenesis, 
mitogenic stimulation, chemotaxis, and proteolysis. This in turn leads to recruitment of other 
inflammatory cells to stimulate angiogenesis, sustaining tumor growth and encouraging 
metastasis (Guadagni et al., 2007; Gómez Flores-Ramos et al., 2013). Some malignant CRC 
lesions originate from chronic inflammation; however, the exact mechanism responsible 
remains unknown. Several studies have shown that inflammatory cells can modulate colon 
carcinogenesis through mitogenic stimulation of stromal cells (Mueller and Fusenig, 2004), 
which may promote or inhibit tumor progression (Landi et al., 2006). The cytokines IL-6, 
IL-17A, IL-21, and TNF-α, among others, contribute to the creation of a favorable tumor 
environment by regulating cancer cell growth and survival. For this reason, inflammatory 
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infiltrate is considered to be the main trigger of colon carcinogenesis (Monteleone et al., 2012). 
It has been suggested that single nucleotide changes in the TNF-α gene promoter may modify 
the binding sites of specific transcription factors, thereby affecting transcriptional regulation 
and modulating the TNF-α secretory response (Aguillón et al., 2006; Gómez Flores-Ramos 
et al., 2013).

The A alleles of the TNF-α polymorphisms -308G>A and -238G>A are associated 
with high levels of TNF-α in vitro and have also been implicated in increased susceptibility 
to and severity of various diseases, including CRC (Berberoglu et al., 2004; Li et al., 2011; 
Cereda et al., 2012). However, the relationship between these polymorphisms and CRC 
remains controversial and depends on the population studied (Min et al., 2014). Moreover, 
little is known regarding this association in Mexican patients. In our study group, the 
frequency of -308G>A variant was 1% in controls and 2% in CRC patients, indicating that this 
polymorphism is not a risk factor for CRC. Recent data from our group revealed an association 
between the -308G>A polymorphism and breast cancer (Gómez Flores-Ramos et al., 2013); 
however, this relationship was not identified among CRC patients. These data are consistent 
with a recent meta-analysis demonstrating that this same polymorphism constitutes a risk 
factor in the development of breast cancer, but not CRC (Fan et al., 2011).

Serum TNF-α levels were significantly higher in CRC patients than in controls 
(10.345 ± 0.664 vs 9.942 ± 0.140 pg/mL; P = 0.001), and in advanced-stage compared to 
early-stage patients (10.50 ± 0.745 vs 10.017 ± 0.256 pg/mL; P = 0.017). Other studies have 
described similar results (Shimazaki et al., 2013; Stanilov et al., 2014). However, there was no 
association between TNF-α levels and -308G>A and -238G>A polymorphism haplotypes in 
Mexican CRC patients and controls.

Nevertheless, TNF-α -308G>A AA-GA genotypes were seen to be risk factors for 
neutropenia in CRC patients. Although the mechanisms by which TNF-α induces neutropenia 
are unknown, previous studies have observed that chemotherapy influences the number of 
neutrophils, which have a fundamental role in host defense. However, TNF-α upregulates 
the expression of proinflammatory cytokines involved in the differentiation and maturation of 
hematopoietic stem cells, and it is possible that TNF-α blockade mediates bone marrow failure 
by inhibiting stem cell differentiation. TNF-α has been shown to directly exert a complex and 
dual effect on neutrophils, accelerating apoptosis in some cells, yet prolonging the survival of 
others (Hastings et al., 2010).

In addition to these mechanisms, several factors may influence the development of 
CRC, including polymorphisms of the TNF-α gene capable of increasing enzyme activity and 
inducing changes in cell physiology resulting in neoplastic progression.

In conclusion, our results do not support an association between haplotypes of the 
TNF-α -308G>A and -238G>A polymorphisms and CRC. Differences in serum TNF-α 
levels were evident between a) CRC patients and controls, and b) advanced- and early-stage 
CRC patients. In addition, the prevalence of patients with -308G>A GA-AA genotypes and 
neutropenia confirmed that this factor may contribute significantly to CRC susceptibility, 
depending on clinical outcomes in this population. Further studies are required to confirm or 
reject these observations.
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