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Abstract

Purpose: The vascular endothelial growth factor (VEGF) is a major mediator of angiogenesis
involving tumor growth and metastasis. Polymorphisms in the VEGF gene may regulate VEGF
production. In this large case-control study, we investigated whether functional polymorphisms
(-460C/T, +405C/G, +936C/T) in the VEGF gene are associated with the risk of non —small cell
lung cancer (NSCLC).

Experimental Design: VEGF genotypes and haplotypes were determined in 1,900 Caucasian
patients with NSCLC and 1,458 healthy controls. The results were analyzed using logistic
regression models, adjusting for age, gender, smoking status, pack-years of smoking, and years
since smoking cessation (for ex-smokers). The false-positive report probability was estimated for
the observed odds ratios (OR).

Results: There were no overall associations between individual VEGF genotypes and the risk
of NSCLC. Stratified analysis suggested that the combined +405CC+CG genotype was sig-
nificantly associated with increased risk of lung adenocarcinoma in males (adjusted OR, 1.40;
95% confidence interval, 1.03-1.87). In haplotype analysis, haplotypes were globally associated
with differences between cases and controls in males (P = 0.03). Specifically, the -460T/
+405G/+936C haplotype was significantly (P = 0.02) associated with decreased risk of
adenocarcinoma in males when compared with the most common CGC haplotype (adjusted
OR, 0.76; 95% confidence interval, 0.50-0.98). None of the VEGF genotypes and haplotypes
studied significantly influenced the susceptibility to NSCLC in females.

Conclusions: Polymorphisms of -460C/T, +405C/G, and +936C/T in the VEGF gene do
not play a major role in NSCLC risk. However, we could not exclude a minor role for the
+405CC+CG genotypes and the 4607/ +405G/ +936C haplotype in lung adenocarcinogenesis

in male Caucasians.

Angiogenesis is a process by which endothelial cells divide and
migrate to form new blood vessels (1). Angiogenesis not only
supplies metabolic demands but also provides potential routes
for tumor dissemination and metastasis (2). Increased angio-
genesis has been reported to be associated with tumor prog-
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ression and metastasis in a number of human solid tumors,
including non -small cell lung cancer (NSCLG; refs. 3, 4).

Vascular endothelial growth factor (VEGF) is one of the most
potent mediators of angiogenesis and vascular permeability (5).
Expression of VEGF mRNA and proteins in tumors of NSCLCs
has been associated with higher microvessel counts, tumor size,
and poorer prognosis (6-8). In NSCLC, VEGF expression in
adenocarcinomas was significantly higher than that in squa-
mous cell carcinoma (7). Androgen could stimulate angiogen-
esis via promoting VEGF production in both normal and tumor
tissues (9), suggesting that VEGF expression may be regulated
by hormonal status. Clinically, higher serum VEGF levels in
patients with NSCLC have been associated with higher NSCLC
staging and shorter survival (10-12). Therapeutic strategies,
such as the use of anti-VEGF antibody bevacizummab, have
shown favorable antitumor results in NSCLC (13).

The VEGF gene is located on chromosome 6p21.3. Polymor-
phisms in the VEGF gene have been associated with differential
VEGF expression and protein production. For example, the
+405CG and CC genotypes have been associated with higher
vascular density in tumors of NSCLC (14). However, the exact
function is controversial as some studies have shown that the
+405C allele is correlated with lower VEGF protein production
(15, 16). The +936T allele has been related to lower VEGF
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plasma levels (17), as has the -460T allele (15). These three
VEGF polymorphisms have been associated with increased risks
for several types of tumors (18-21), including lung cancer in
Asian populations (22). Nevertheless, the association of these
polymorphisms with NSCLC risks in Caucasian populations
has not been evaluated. Based on the pathologic significance of
VEGF in NSCLC and the potential biological effects of VEGF
polymorphisms on VEGF production, we hypothesized that
functional single nucleotide polymorphisms of the VEGF gene
would be associated with differential risk of NSCLC. Further-
more, we hypothesized that the association might be modified
by gender or cell type. In addition, we estimated the false-
positive report probability (FPRP) by incorporating the prior
probability that these specific single nucleotide polymorphisms
are associated with NSCLC risk (23).

Materials and Methods

Study population. This study was approved by the Human Subjects
Committees of Massachusetts General Hospital and Harvard School of
Public Health, Boston, MA. The study population was derived from a
large ongoing molecular epidemiologic study that began in 1992 and
now has >1,900 NSCLC patients recruited at the Massachusetts General
Hospital. Details of this case-control population have been described
previously (24). Briefly, all histologically confirmed, newly diagnosed
patients with NSCLC at the Massachusetts General Hospital were
recruited between December 1992 and February 2006. Before 1997,
only early stage (stage I and II) patients were recruited. After 1997, all
stages of NSCLC cases were recruited in this study. Controls were
recruited at the Massachusetts General Hospital from healthy friends
and non-blood-related family members (usually spouses) of several
groups of hospital patients: (a) patients with cancer, whether related or
not related to a case; or (b) patients with a cardiothoracic condition
undergoing surgery. No matching was done. Importantly, none of the
controls were themselves patients. Potential controls that carried a
previous diagnosis of any cancer (other than non-melanoma skin
cancer) were excluded from participation. More than 85% of the
eligible cases and >90% of the controls participated in this study and
provided blood samples. A research nurse administered questionnaires
on demographic information and a detailed smoking history of each
participant. To reduce potential variation in allele frequency by
ethnicity, only Caucasians were considered in the analysis.

Genotyping. DNA was extracted from peripheral blood samples
using the Purgene DNA Isolation Kit (Gentra Systems). VEGF -460C/T
(rs833061), +405C/G (rs2010963), and +936C/T (1s3025039) geno-
types were determined using the 5" nuclease assay (TagMan) and ABI
Prism 7900HT Sequence Detection System (Applied Biosystems). The
primers, probes, and reaction conditions are available upon request.
Genotyping was done by laboratory personnel blinded to case-control
status. For quality control, a random 5% of the samples were repeated
to assess the reproducibility of results. Two authors independently
reviewed all genotyping results.

Statistical analysis. We analyzed all Caucasians with complete
information on age, gender, smoking status (never smoking, ex-
smoking, and current smoking), pack-years of smoking, and years
since smoking cessation (for ex-smokers). Hardy-Weinberg disequilib-
rium of each polymorphism in controls was tested using the x? test.
Detection of linkage disequilibrium between the three polymorphisms
was based on Lewontin’s D’ in controls. Haplotype frequencies and
individual haplotypes were generated using the SAS HAPPY program
(25, 26).

Demographic and clinical information between cases and controls
was compared using x? tests for categorical variables and the Student’s
t test or the nonparametric Kruskal-Wallis test for continuous variables,
where appropriate. Logistic regression models were used to analyze the
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associations of all genotypes and haplotypes with NSCLC risks, adjust-
ing for potential confounding factors such as age, gender, smoking
status, pack-years of smoking, and years since smoking cessation (if
ex-smoker). In addition to the overall association analysis, we did a
stratified analysis by various factors including gender, histology, and
smoking status to further explore the association between VEGF poly-
morphisms and the risk NSCLC in each stratum because previous stud-
ies suggested that VEGF expression or production might relate to gender
or cell types (7, 9). All reported P values were based on two-sided tests.
P < 0.05 were considered statistically significant. All analyses were done
using SAS software version 9.1 (SAS Institute).

We estimated the FPRP for statistically significant observations using
the methods described by Wacholder et al. (23). We calculated the
FPRP for prior probability ranging from 50% to 0.1%. We considered
that a prior probability of 50% may be appropriate when there is very
strong biological and epidemiologic evidence that the association is
real, and that a prior probability of 0.1% may be appropriate when
both biological and epidemiologic data are inadequate.

Results

Population characteristics. Demographic data stratified by
case and gender are presented in Table 1. Both male and female
cases were generally older and smoked more. The frequency of
nonsmokers was higher among controls, whereas the frequency
of ever smokers was higher among cases. The number of years
that a participant had quit smoking was higher among controls.
The distribution of the smoking variables in our controls was
similar to that of the general Massachusetts population over age
45 (27). The proportion of non-, ex-, and current smokers were
36%, 45%, and 20% in our controls and 36%, 47, and 17% in
the general Massachusetts population over age 45, respectively.
Adenocarcinoma, squamous cell carcinoma, and others (large
cell carcinoma, carcinoid, mixed cell type, and uncertain cell
type) represented 57%, 23%, and 20% of NSCLC cases,
respectively.

Association between VEGF genotypes and NSCLC risk. All of
the VEGF polymorphisms in the control and case populations
were consistent with Hardy-Weinberg equilibrium (P > 0.05,
x* goodness-of-fit). Genotype frequencies of the -460C/T,
+405C/G, and +936C/T polymorphisms in controls were in
close agreement with those previously published for healthy
Caucasian individuals (15-17, 26). There was no statistical dif-
ference in genotype distributions between cases and controls,
overall or for different genders (Table 2).

There were no overall crude or adjusted associations between
individual VEGF polymorphisms and the risk of NSCLC
(Table 3). In the subgroup analysis, the combined +405CC+CG
genotype was significantly associated with higher risk of
NSCLC in males, specifically for adenocarcinomas [adjusted
odds ratio (OR), 1.39; 95% confidence interval (95% CI), 1.07-
1.81; Table 4]. No subset associations were found in never
smokers, ex-smokers, current smokers, or in three different
strata according to pack-years of smoking (P > 0.05 for all
comparisons).

Association between VEGF haplotypes and NSCLC risk.
Haplotype analyses were conducted to evaluate the combined
effect of the three polymorphisms on NSCLC risk. Consistent
with observations from early studies (22, 26), the -460C/T and
+405C/G polymorphisms in our study were in strong linkage
disequilibrium (Lewontin’s D’ = 0.94), whereas linkage
between the -460C/T and +936C/T polymorphism was weaker
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Table 1. Demographic characteristics among NSCLC cases and controls
Characteristics Overall Male Female
Cases Controls P Cases Controls P Cases Controls P
(n =1,900) (n = 1,458) (n =981) (n = 638) (n =919) (n = 820)
Age (mean + SD) 65 + 10.8 58 £+ 12.2 <0.01 66.0 + 10.2 60.0 + 12.9 <0.01 64.1+11.0 57.3 +11.5 <0.01
Gender, n (%)
Female 919 (48.8%) 820 (56.2%) <0.01
Male 981 (51.6%) 638 (43.8%)
Smoking, n (%)
Never 177 (9.3%) 517 (35.5%) <0.01 69 (7.0%) 195 (30.6%) <0.01 108 (11.8%) 322 (39.3) <0.01
Ex-smoker 989 (52.1%) 656 (45.0%) 553 (56.4%) 339 (53.1) 436 (47.4%) 317 (38.7%)
Current smoker 734 (38.6%) 285 (19.6%) 359 (36.6%) 104 (16.3) 375 (40.8%) 181 (20.1%)
Years since quit 12 (1-59) 18 (1-65) <0.01 14 (1-59) 20 (1-65) <0.01 12 (1-55) 17 (1-59) <0.01
(median)*- T
Pack-years T 50 (0.1-231) 25(0.1-218) <0.01 58 (0.2-231) 29 (0.1-210) <0.01 44 (0.02-210) 21 (0.03-218) <0.01
Tumor stage (%)
Iand II 48.6% 49.0% 48.0%
IIT and IV 51.3% 51.0% 52.0%
Cell type (%)
Adenocarcinoma 56.6% 50.8% 62.8%
Squamous cell 23.3% 29.0% 17.2%
carcinoma
Others 20.1% 20.2% 20.0%
NOTE: Continuous variables tested with the Student’s ¢ test; categorical variables tested using the x? test.
*Ex-smokers only.
TMedian (range), tested by nonparametric Wilcoxon'’s rank sum test.

(Lewontin’s D’ = 0.26). There were five haplotypes with
frequencies >5% among both cases and controls. The most
common haplotype was the 460C/405G/936C (CGC) haplo-
type, with frequencies of 40% in cases and 41% in controls.
Haplotype frequency distributions in controls were similar to
those reported in other healthy Caucasian populations (26).
The overall distribution of different haplotypes were similar
between cases and controls (X = 9.66, P = 0.22). However, in

male subjects, haplotype frequencies were significantly different
between cases and controls (Table 2). Moreover, in multivariate
analyses, haplotypes were globally associated with NSCLC risk
in males (P = 0.03). When the male subjects were further
stratified by histologic cell type, the TGC haplotype was
significantly associated with decreased risk of adenocarcinoma
compared with the CGC haplotype (adjusted OR, 0.76; 95%
Cl, 0.50-0.98; P = 0.04; Table 4). No associations were found

Table 2. VEGF genotype and haplotype frequencies among NSCLC cases and controls
Characteristics Overall Male Female
Cases Controls P Cases Controls P Cases Controls P
(n = 1,900) (n = 1,458) (n =981) (n = 638) (n =919) (n = 820)
VEGF -460C/T, n (%)
T 539 (28.4%) 422 (28.9%) 0.87 287 (29.3%) 179 (28.1%) 0.79 252 (27.4%) 243 (29.6%) 0.59
cT 922 (48.5%) 694 (47.6%) 473 (48.2%) 307 (48.1%) 449 (48.9%) 387 (47.2%)
cc 439 (23.1%) 342 (23.5%) 221 (22.5%) 152 (23.8) 218 (23.7%) 190 (23.2)
VEGF+405C/G, n (%)
GG 805 (42.4%) 650 (44.6%) 0.22 397 (40.5%) 279 (43.7%) 0.14 408 (44.4%) 371 (45.2%) 0.89
cG 848 (44.6%) 644 (44.1) 454 (46.3%) 294 (46.1%) 394 (42.9%) 350 (42.7%)
cc 247 (13.0%) 164 (11.3%) 130 (13.3%) 65 (10.2%) 117 (12.7%) 99 (12.1%)
VEGF +936C/T, n (%)
cc 1,441 (75.8%) 1,125(77.2%) 0.67 754 (76.9%) 496 (77.7%) 0.87 687 (74.7%) 629 (76.7%) 0.63
cT 424 (22.3%) 308 (21.2%) 209 (21.3%) 132 (20.7%) 215 (23.4%) 176 (21.5%)
T 35 (1.8%) 25 (1.7%) 18 (1.8%) 10 (1.6%) 17 (1.9%) 15 (1.8%)
Haplotypes*
CGC 40.0% 40.8% 0.22 40.0% 40.3% 0.0041 40.1% 41.7% 0.40
TCC 28.1% 29.1% 27.6% 31.4% 28.2% 26.8%
TGC 19.0% 16.6% 19.8% 15.6% 18.6% 17.3%
CGT 6.5% 6.0% 7.0% 6.1% 6.1% 5.6%
TCT 4.5% 5.6% 4.7% 4.7% 4.6% 6.5%
*The combined haplotype frequencies (in the order of -460C/T, +405C/G, +936C/T) <5% were not included in the analysis.
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Table 3. Adjusted ORs of VEGF genotypes and haplotypes for NSCLC risks
All cases (n = 1,900) vs. Male cases (n = 981) vs. Female cases (n = 919) vs.
controls (n = 1,458) controls (n = 638) controls (n = 820)
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Genotypes
VEGF -460C/T

T 1.0 1.0 1.0

CT+CC 1.16 (0.96-1.40) 0.12 1.07 (0.81-1.40) 0.65 1.27 (0.98-1.65) 0.07
VEGF -405C/G

GG 1.0 1.0 1.0

cG+CcC 1.14 (0.96-1.36) 0.13 1.27 (0.99-1.63) 0.06 1.04 (0.82-1.32) 0.73
VEGF +936C/T

cc 1.0 1.0 1.0

CT+TT 1.05 (0.87-1.27) 0.59 1.13 (0.87-1.50) 0.37 0.99 (0.27-1.29) 0.95
Haplotypes*
Global test 0.54 0.03 0.68

CGC 1.0 1.0 1.0

TCC 1.02 (0.88-1.17) 0.84 1.15(0.94-1.42) 0.10 0.91 (0.74-1.11) 0.34

TGC 0.88 (0.75-1.04) 0.14 0.81 (0.63-1.02) 0.08 0.93 (0.74-1.17) 0.53

CGT 0.98 (0.74-1.31) 0.89 0.90 (0.59-1.36) 0.61 1.04 (0.69-1.55) 0.87

TCT 1.14 (0.84-1.55) 0.39 1.15(0.72-1.85) 0.55 1.04 (0.69-1.57) 0.85
NOTE: Adjusted for age, gender, smoking status, pack-years of smoking, and years since smoking cessation (if ex-smoker).
*The combined haplotype frequencies (in the order of -460C/T, +405C/G, +936C/T) <5% were not included in the analysis.

between any haplotype and NSCLC risk, overall or stratified
among female subjects.

Table 5 shows the FPRP for the two statistically significant
associations we observed. In general, at a FPRP cut point of 0.5,
the observed OR for an association is likely to reflect a true
association with a prior probability of >10%. However, an
association with prior probability of 1% or lower is likely to
be a false-positive finding. Because our statistically significant
findings were restricted to subgroups, a more stringent cut
point at 0.2 for FPRP may be appropriate. Given the available

epidemiologic data and the known functional significance of
VEGF polymorphisms, a prior probability of at least 25% may
be appropriate. Thus, the observed ORs may not reflect false-
positive associations.

Discussion

Our results suggest that polymorphisms of -460C/T, +405C/G,
and +936C/T in the VEGF gene do not play a major role in
NSCLC carcinogenesis. Nevertheless, we could not exclude the

Table 4. Adjusted ORs of VEGF polymorphisms according to gender and NSCLC histology
Male Female
Adenocarcinoma Squamous cell carcinoma Adenocarcinoma Squamous cell carcinoma
(706 cases/638 controls) (285 cases/638 controls) (770 cases/820 controls) (158 cases/820 controls)
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Genotypes
VEGF -460C/T
T 1.0 1.0 1.0 1.0
CT+CC 1.14 (0.85-1.52) 0.38 0.92 (0.61-1.39) 0.69 1.29 (0.99-1.69) 0.06 1.21 (0.73-2.01) 0.47
VEGF+405C/G
GG 1.0 1.0 1.0 1.0
cG+CcC 1.39 (1.07-1.81) 0.01 0.98 (0.67-1.42) 0.90 1.07 (0.84-1.36) 0.58 0.75 (0.47-1.77) 0.20
VEGF+936C/T
cc 1.0 1.0 1.0 1.0
CT+TT 1.11 (0.84-1.48) 0.46 1.39 (0.92-2.09) 0.11 0.94 (0.75-1.27) 0.85 1.23 (0.76-2.00) 0.40
Haplotypes*
Global test 0.02 0.23 0.54 0.67
CGC 1.0 1.0 1.0 1.0
TCC 1.18 (0.95-1.47) 0.14 1.09 (0.80-1.47) 0.23 0.95 (0.75-1.21) 0.67 1.09 (0.80-1.47) 0.59
TGC 0.76 (0.50-0.98) 0.04 0.95 (0.67-1.35) 0.76 0.95 (0.72-1.16) 0.47 0.95 (0.67-1.35) 0.76
CGT 0.87 (0.56-1.35) 0.53 1.13 (0.60-2.10) 0.71 1.36 (0.86-2.16) 0.19 1.13 (0.60-2.10) 0.71
TCT 1.14 (0.69-1.90) 0.61 1.32 (0.68-2.58) 0.55 0.91 (0.56-1.46) 0.68 1.32 (0.68-2.58) 0.42
NOTE: Adjusted for age, gender, smoking status, pack-years of smoking, and years since smoking cessation (if ex-smoker).
*The combined haplotype frequencies <5% were not included in the analysis.
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Table 5. False-positive report probability

Polymorphism Stratum OR (95% CI) Power Reported P value Prior probability*

0.5 0.25 0.1 0.001
+405CG+CC Adenocarcinoma in male 1.39 (1.07-1.81) 0.714° 0.01 0.020 0.057 0.115 0.668
TGC Adenocarcinoma in male 0.76 (0.50-0.98) 0.737% 0.04 0.045 0.123 0.296 0.822

*FPRP for the observed ORs.

TEstimation of the statistical power to detect an OR of 1.5 with a level equal to the observed P value.
*Estimation of the statistical power to detect an OR of 0.7 with a level equal to the observed P value.

possibility that the combined+405CC+CG genotype and 460T/
+405G/+936C haplotype (TGC) play minor roles in adenocar-
cinoma in males.

Our study has a number of strengths. First, the poly-
morphisms investigated in this study are thought to affect
VEGF expression and protein production, and several epide-
miologic studies have reported associations between these
polymorphisms and cancer risk. The combination of these
evidences suggested a likely high prior probability. Second, the
large sample size gave high statistical power and therefore was
less susceptible to fluctuating results. Third, we used the FPRP
to interpret the results. Estimates of the FPRP can be used to
decide whether a statistically significant finding is noteworthy
based on prior probability. However, prior probability varies
among individuals, and investigators who use different prior
probabilities may reach different conclusions. We tested a range
of prior probabilities which allowed us to identify how
sensitive our findings were to changing prior probability.

Our results indicated that the +405CC/CG genotype may
influence adenocarcinoma susceptibility, particularly in males.
Previous studies have reported that +405C/G polymorphisms
were associated with VEGF expression, production, and disease
development. Individuals carrying the +405CC and CG
genotypes were linked with higher VEGF expression and
vascular density in the tumor of NSCLC (14). Sfar et al. (19)
reported that the combined +405CC/CG genotype was associ-
ated with increased risk of prostate cancer. In Asian popula-
tions, the combined +405CC/CG genotype was associated with
increased risk of small cell lung cancer (22). The +405CC
genotype was also reported to be associated with higher serum
VEGF levels, increased risks of retinopathy and myocardial
infarction in diabetes (28-30), and higher tumor aggressive-
ness in breast cancer (18). However, attributing functional
causality to these findings should be limited, as there is debate
on the exact function of the 405G/C polymorphism and some
studies have shown that the +405C allele is associated with
lower VEGF production and VEGF promoter activity (15, 16).
In addition, some studies do not show a role of the +405G/C
polymorphism in VEGF production or disease risk (26, 28, 30).

In the present study, neither the VEGF -460C/T nor +936C/T
polymorphisms significantly influenced susceptibility to
NSCLC. However, the haplotype TGC containing the -460T
allele and the +936C allele showed a decreased effect on the
risk of adenocarcinoma in males. This finding suggested that
the effects of +405C/G polymorphisms on adenocarcinoma in
males may be at least in part due to the fact that +405C/G was
in linkage disequilibrium with -460C/T and +936C/T. Neither
the -460C/T nor the +936C/T polymorphism alone was
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sufficient to influence the susceptibility to NSCLC, but a set
of three polymorphisms (haplotype) might have a more
powerful effect on NSCLC susceptibility due to a combined
effect on gene function. Another possible reason may be that
the effect of haplotype TGC on NSCLC risk was owing to
linkage disequilibrium with other functional variants in the
VEGF gene (HapMap database).” Thus, additional studies
covering more functional single nucleotide polymorphisms in
the VEGF gene will be needed to confirm our findings.

There was a striking difference in the effects of VEGF
genotype and haplotype on NSCLC risk between female and
male subjects. This gender difference in relation to VEGF
polymorphism association in NSCLC was unlikely to be due to
the differences in smoking status between males and females,
because after adjusting for smoking exposure levels, the
combined +VEGF 405CC/CG genotype and haplotype TGC
remained significantly associated with NSCLC risk in male
subjects for adenocarcinoma. Although a number of epidemi-
ologic studies have proved that the incidence, risk, histology,
and pathogenesis of lung cancer differed between women and
men, the mechanisms driving these differences are largely
unknown (31, 32). Genetic factors have been proposed to
account for gender differences in lung cancer risks. For example,
there was a higher frequency of tumor suppressor gene p53
mutations among women with NSCLC than among men with
NSCLC; the proto-oncogene K-ras gene mutations have been
found to be more common in female patients with lung cancer
who were smokers than among male smokers with lung cancer
(33). Androgen is probably another factor determining gender
difference in response to VEGF. Both in vitro and in vivo studies
have proved that androgen could up-regulate VEGF expression
(34, 35), whereas androgen ablation inhibited VEGF expression
(36). On the contrary, estrogen reduced VEGF expression (37, 38).

The finding that VEGF polymorphisms tended to have a
stronger association with adenocarcinoma risk than with
squamous cell carcinoma risk has not been previously reported.
However, several lines of compelling evidence may explain
our observations. First, in the lungs of patients with NSCLC,
VEGF expression and VEGF protein levels in adenocarcinoma
were significantly higher than that in squamous cell carcinoma
(4, 7, 39). Second, higher VEGF expression in tumors was
associated with higher microvessel count, advanced tumor
stages, and shorter survival (7). Lastly, the microvessel counts in
adenocarcinoma were significantly higher than that in the
squamous cell carcinoma (40).

7 http://www.hapmap.org
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One of the limitations of this study was the inability to
directly address how the VEGF haplotypes was involved in
NSCLC development. Further studies are needed to investigate
the functions of haplotype TGC on NSCLC and to address why
VEGF genotype and haplotype associations with NSCLC risks
were stronger in males than in females. Additional research is
required to elucidate the mechanisms behind gender differ-
ences of genetic associations in NSCLC.

In summary, our results did not support a major indepen-
dent role for any of the polymorphisms investigated in
this study in NSCLC. However, this study could not exclude
the possibility that the +405CG+CC genotype and the TGC

haplotype had minor roles in NSCLC carcinogenesis. These
results need to be validated by other independent studies,
and further studies are necessary to investigate the gene-
environment interactions between VEGF polymorphisms and
NSCLC risk.
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