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Abstract
Genetic factors are important in the pathogenesis of diabetic retinopathy (DR); there is a clear association of increased

expression of vascular endothelial growth factor (VEGF) with DR as well as numerous VEGF polymorphisms that are linked

to increased VEGF levels and DR. In this study, the relationships between the VEGF promoter polymorphism 2634C/G,

plasma VEGF levels and DR were examined in the Han Chinese. Ninety-six healthy subjects and 285 subjects with type 2

diabetes were enrolled in this study. The diabetic subjects were divided into three groups depending on the degree of DR

as determined by fundus photography and fluorescent angiography. Along with standard clinical characteristics, the

2634C/G polymorphism was examined using TaqMan allelic discrimination, and plasma VEGF levels were analyzed by

enzyme-linked immunosorbent assay. The distribution of the polymorphism differed significantly between patients with

and without retinopathy; this was most pronounced between the no DR and proliferative DR groups. Significantly greater

plasma VEGF levels were present in those with the 2634CC genotype, and only the proliferative DR group had elevated

plasma VEGF levels. Logistic regression revealed that the 2634C/G polymorphism is strongly associated with DR. This

study suggests that diabetic Han Chinese carrying the 2634CC VEGF promoter polymorphism have a genetic risk of DR,

and this polymorphism may be a major factor influencing plasma VEGF levels. Therefore, this polymorphism may be used

as a biomarker at the onset of diabetes in the Han Chinese to predict the risk of DR, allowing for clinicians to treat these

patients more aggressively.
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Introduction

Diabetic retinopathy (DR) is the most common microvascu-
lar complication of diabetes and a leading cause of blind-
ness in the world, affecting approximately three-fourths of
diabetic patients 15 years after the onset of the disease.1

There is already strong evidence that longer duration of
diabetes, poorer control of blood glucose and elevated
blood pressure are the major factors responsible for the
onset and progression of DR.2 – 4 However, DR occurs even
with optimal glucose and blood pressure control.2,5,6

Consequently, the pathogenesis of DR is thought to be

determined by environmental and genetic factors. Ethnic
differences in the prevalence of DR may provide insights
into the relative importance of genetic or environmental
risk factors;7,8 therefore, we examined type 2 diabetes melli-
tus (T2DM) in the Han Chinese, who are a single large
ethnic group that has not been studied in respect to DR.

In DR, vascular endothelial growth factor (VEGF) plays a
role in the neovascularization of proliferative retinopathy
and in the breakdown of the blood–retinal barrier that
is characterized by hyperpermeability of retinal vessels.9,10

Markedly elevated serum and vitreous levels of VEGF
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have also been reported in eyes of patients with proliferative
DR.11 The promoter region of VEGF has several polymorph-
isms,12 some of which have been examined in the context
of DR. However, the data obtained in these reports are
not consistent, especially regarding the involvement of
the 2634C/G polymorphism with retinopathy.13 – 18 In the
Japanese, the 2634C/G polymorphism has been reported
to be both associated13 and not associated15 with DR.
Similarly, studies in ethnically more varied societies pro-
duced similar contradictory reports;16 – 19 however, the
majority of reports indicate that polymorphisms within
the VEGF promoter are associated with DR. Consequently,
it has been suggested that the VEGF 2634C/G polymorph-
ism might serve as a predictive factor for the development
of DR19; thus, this polymorphism is the focus of our study.

Importantly, this study represents the first examination
of a VEGF polymorphism in type 2 diabetic Han Chinese.
The Han are the largest ethnic group within China,20,21

numbering approximately one billion, which also makes
this group the largest ethnic group in the world. Since
genetic polymorphisms often vary between ethnic groups,
all of the major ethnic groups should be examined to
clarify the association between VEGF polymorphisms with
DR. In addition, since VEGF polymorphisms in DR have
not been examined in the Han Chinese, which unlike
many previous studies is a single ethnic group, we evalu-
ated the association of the 2634C/G VEGF promoter poly-
morphism with DR in type 2 diabetic Han Chinese. In
addition, we examined the relationship among standard
clinical characteristics, the VEGF 2634C/G polymorphism,
plasma levels of VEGF and DR. The data indicate that the
VEGF 2634C/G polymorphism is associated with DR,
and thus can be used as an early biomarker of retinopathy
in the Han Chinese.

Materials and methods

Subjects

A total of 285 subjects with type 2 diabetes and 96 healthy
control subjects from rural and urban areas within Yunnan
Province were recruited from individuals admitted to the
Yunnan Province 2nd Hospital (Kunming, China). In
China all citizens have an identity card that indicates their
ethnicity; all subjects were ethnic Han Chinese. Diagnosis
and classification of diabetes was based on clinical features,
laboratory data and the guidelines of the Expert Committee
Report of the American Diabetes Association. We specifi-
cally excluded patients with a history of myocardial infarc-
tion (MI), or presenting MI. Each patient was examined via
12-lead electrocardiogram; the exclusion criteria of MI in
our study were made according to the MI diagnosis criteria
by the World Health Organization.22 Body mass index
(BMI) was calculated as weight/height2 (kg/m2) and
waist–hip ratio (WHR) was calculated. Blood pressure
was measured by mercury sphygmomanometer. Fasting
glycated hemoglobin (HbA1c), cholesterol (TC) and trigly-
ceride (TG) levels were measured using conventional clini-
cal methods. The normal control (NC) group consisted of
unrelated healthy individuals with no family history of

type 2 diabetes or other conditions and no abnormal labora-
tory findings. Informed consent was obtained from each
individual; all procedures were conducted in accordance
with the principles of the Declaration of Helsinki.

Ophthalmological evaluation

All patients underwent a complete ophthalmological exam-
ination, including corrected slit-lamp microscopic exam-
ination (with and without preset lens), funduscopic
examination and fundus photography. They were classified
as non-retinopathy (non-DR), non-proliferative DR (non-
PDR) and proliferative DR (PDR). The classification used
is as described before.13 The DR group includes both the
non-PDR and PDR groups. If diagnosis of DR was found
by fundus photography, it was confirmed by fluorescent
angiography.

Genotyping of VEGF gene polymorphism

The VEGF gene promoter polymorphism 2634C/G
(rs2010963) was detected by TaqMan allelic discrimination
(Applied Biosystems, Foster City, CA, USA). The genotyp-
ing was confirmed by sending the PCR products to
Shanghai Sangon Biological Engineering Technology &
Services Co, Ltd (Shanghai, China) for sequencing.

Measurement of serum VEGF concentrations

Venous blood samples were taken from 96 healthy subjects
and 285 type 2 diabetic patients fasting over night.
Plasma was separated by centrifuge and then stored at
2208C until analysis. VEGF serum levels were measured
using an enzyme-linked immunosorbent assay (human
VEGF Quantikine; R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions.

Statistical analysis

Statistical analyses were performed using SPSS 10.0 (SPSS
Inc, Chicago, IL, USA) and Prism 5 (GraphPad Software,
Inc, La Jolla, CA, USA). Distribution of genotypes and
alleles was compared by chi-square test or Fisher’s exact
test depending on sample size. Clinical data were compared
by one-way analysis of variance (ANOVA) and multivariate
analysis of variance (MANOVA) with Tukey–Kramer’s post
hoc test, and categorical clinical data were compared by
Fisher’s exact test. Logistic regression was used to calculate
the odds ratios (ORs) and 95% confidence intervals (CIs) for
incident retinopathy in diabetic patients. Statistical signifi-
cance was defined as P , 0.05.

Results

Subjects and ophthalmology

Based on ophthalmological evaluation, individuals with
T2DM were divided into three groups: 109 patients did
not present any signs of retinopathy (non-DR group), 110
patients presented with non-proliferative DR (non-PDR
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group) and 66 patients presented with proliferative DR (PDR
group) (Table 1). We examined clinical characteristics in each
category of DR. With one-way ANOVA the comparison of
groups enrolled in the present study revealed a significant
difference in age (F ¼ 7.767, P ¼ 0.01), systolic blood
pressure (SBP) (F ¼ 4.249, P ¼ 0.015) and diastolic blood
pressure (DBP) (F ¼ 5.202, P ¼ 0.010) but no statistically sig-
nificant differences in the duration of diabetes, BMI, WHR,
fasting blood glucose (FBG), HbA1c, TC and TG. Post hoc
analyses indicated that the age of the non-PDR group was
greater than the non-DR or PDR groups (P , 0.05), and
SBP as well as DBP were decreased in the non-DR group
compared with the non-PDR and PDR groups (P , 0.05).

Association of VEGF polymorphism with DR

Each subject’s genotype was analyzed by TaqMan probe
allelic discrimination, and the products were confirmed by
DNA sequencing (Figure 1). The frequency of the 2634C/
G polymorphism (Table 2) did not deviate from the
Hardy–Weinberg equilibrium for any of the groups.
However, there were significant differences in the frequency
of the polymorphism at 2634 of the VEGF promoter between
non-DR and DR groups (P ¼ 0.0253), and non-DR and PDR
groups (P ¼ 0.0265) (Table 3). Although no significant differ-
ences were observed between the other groups, there is a
trend for the non-DR group to have fewer individuals with
the VEGF 2634CC genotype compared with the NC and
non-PDR groups, suggesting that the VEGF 2634CC geno-
type may be detrimental in T2DM. Additionally, there is no
difference in the distribution of alleles between the NC and
T2DM groups, indicating that the 2634C/G polymorphism
is not associated with diabetes. Taken together these data
indicate that 11.5% of the Han Chinese carry the 2634CC geno-
type, and that in diabetes this genotype may be detrimental.

To determine whether the 2634CC VEGF promoter gen-
otype alone is detrimental, two-tailed Fisher’s exact test was

used to determine whether the frequency of the CC genotype
is associated with the severity of DR. As shown in Table 2 the
CC frequency is similar in the NC, T2DM and the T2DM sub-
group DR; thus, it is not surprising that there is no difference
in the frequency of the CC versus CG and GG genotypes in
these groups. However, the non-DR group has significantly
fewer individuals with the CC genotype compared with all
other groups (Table 4). Thus, the data indicate that 2634
VEGF CC genotype is associated with DR; moreover, the
lack of difference between the frequencies of this polymorph-
ism in the normal and T2DM groups indicates that this poly-
morphism likely synergizes with the diabetic condition to
cause retinopathy.

Association of VEGF polymorphism with
plasma levels of VEGF

To assess the functional relevance of the 2634C/G VEGF
promoter polymorphism on plasma VEGF levels, 96 NC
and 285 T2DM patients’ plasma VEGF concentrations

Table 1 Clinical characteristics of type 2 diabetic patients divided
into three groups based on the severity of their diabetic retinopathy

Non-DR group Non-PDR PDR

N 109 110 66

Age (year) 52.01+1.06a 58.98+1.14b 55.43+1.69a

Duration (year) 15.0+1.20 18.0+0.67 16.0+0.98

BMI (kg/m2) 24.19+0.31 25.20+0.32 24.25+0.40

WHR 0.92+0.01 0.94+0.01 0.93+0.01

SBP (mmHg) 130+1.66a 139+2.58b 140+2.95b

DBP (mmHg) 75+0.83a 92+2.10b 90+1.72b

FBG (mmol/L) 8.3+0.21 8.6+0.27 10.1+0.55

HbA1c (%) 8.3+0.21 9.3+0.18 8.4+0.28

TC (mmol/L) 4.28+0.07 4.39+0.11 4.71+0.18

TG (mmol/L) 1.10+0.03 1.63+0.04 1.37+0.06

DR, diabetic retinopathy; PDR, proliferative diabetic retinopathy; BMI, body

mass index; WHR, waist–hip ratio; SBP, systolic blood pressure; DBP,

diastolic blood pressure; FBG, fasting blood glucose; HbA1c, glycated

haemoglobin; TC, cholesterol; TG, triglyceride; ANOVA, analysis of variance

Data are presented as means+SE. Statistical differences were examined

via one-way ANOVA with Tukey–Kramer’s post hoc tests and for the duration

a logarithmic transformation was conducted prior to the ANOVA. Data were

determined to be significant when P , 0.05; this is denoted by Greek letters;

values with different Greek letters are significantly different, and no notation

indicates that there are no significant differences between the groups

Figure 1 Representative sequence of the 2634C/G vascular endothelial

growth factor polymorphism. The three possible genotypes –634GG (top),

CC (middle) and CG (bottom). The polymorphism is easily identifiable by

both the TaqMan probes and sequencing
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were examined. As shown in Figure 2, fasting plasma VEGF
levels were significantly greater in subjects with the
2634CC genotype than either those with the CG or GG gen-
otypes. Although there is a tendency for patients with the
GC genotype to have increased plasma VEGF concen-
trations compared with the GG genotype, this increase is
not statistically significant (P ¼ 0.75). Therefore, the C
allele appears to increase plasma VEGF concentrations.
Additionally, plasma VEGF levels in the diabetic patients
were grouped by the clinical presentation of retinopathy;
individuals within the PDR group have greater plasma
VEGF levels than either the non-DR or non-PDR group
(P , 0.05) (Figure 3), and there is no difference between
the non-DR and non-PDR groups. Because DR is associated
with the duration of diabetes21,23 and our subjects represent
a wide variation in their duration of diabetes (Table 1), we
conducted two tests to examine the role of duration of dia-
betes in our previous analyses. We examined the effect of
duration of diabetes (Supplementary Table 1) on the associ-
ation of the 2634C/G polymorphism and presentation of
retinopathy via chi-square analysis. We found little to
no differences between the three duration groups (0–10,
11–20, and 21þ years) and distribution of the 2634C/G
polymorphism within each group. To further determine
the role of duration of diabetes on plasma VEGF levels,
we utilized a MANOVA with the 2634C/G polymorphism,
duration of diabetes and presentation of retinopathy as
the factors. Only genotype (P ¼ 0.000032) and the degree
of retinopathy (P ¼ 0.000001) were found to have significant

effects on the plasma VEGF levels (Figures 2 and 3, respect-
ively); duration of diabetes was not found to be a significant
factor. Moreover, when examining the interaction between
factors, no significant differences were observed when dur-
ation was included as a factor. Thus, the data indicate that
increased plasma VEGF levels are found in patients carrying
the 2634CC VFGF promoter genotype and those patients
with the most aggressive form of retinopathy (PDR) have
the greatest plasma VEGF levels, both of which are indepen-
dent of the duration of diabetes.

Association of VEGF polymorphism with
clinical characteristics

Since there are significant differences in age, SBP and DBP
in the population examined, based on the clinical presen-
tation of retinopathy, the clinical characteristics of the
population were also grouped based on the patient’s geno-
type. When arranged by genotype, age, duration of T2DM,
SBP, DBP, BMI, WHR, FBG, HbA1c, TC and TG did not
vary significantly between the genotypes (Table 5).
Therefore, the 2634C/G VEGF promoter polymorphism is
not related to any of the measured clinical characteristics.
To further assess the relationship of the 2634C/G poly-
morphism with DR, multivariate logistic regression analysis
of the polymorphism and clinical features was performed
(Table 6). Coverage estimates are presented with a 95% CI;
statistical significance of the effect of determinants on cover-
age rates was tested for each factor independently by
univariate and multiple logistic regressions. Final models
were selected via backward selection (the P value for elim-
ination was .0.1). DBP, plasma VEGF and CC genotypeTable 3 Comparison of the 2634C/G polymorphism across all

groups of patients

P value NC Non-DR Non-PDR PDR DR

NC x 0.0620 0.9629 0.7997 0.8991

T2DM 0.6688 x x x x

Non-DR 0.0620 x 0.0617 0.0265� 0.0253�

Non-PDR 0.9629 0.0617 x 0.8511 x

PDR 0.7997 0.0265� 0.8511 x x

DR 0.8991 0.0253� x x x

NC þ non-DR x x x x 0.1891

NC, normal control; T2DM, type 2 diabetes mellitus; DR, diabetic

retinopathy; PDR, proliferative diabetic retinopathy

The raw data are presented in Table 2; P values are shown from chi-square

test. An asterisk (�) indicates the traditional acceptance of significance (P ,

0.05), and an (x) indicates that no test was run either because it is a duplicate

or one component is a subgroup of the other component in the test

Table 2 Genotype and allele distribution of VEGF polymorphisms

Genotype Allele frequencies

Group n (M/F) CC GC GG C G

NC 96 (48/48) 13 (14) 48 (50) 35 (36) 74 (39) 114 (61)

T2DM (non-DR þ DR) 285 (137/148) 31 (11) 138 (48) 116 (41) 200 (35) 370 (65)

Non-DR 109 (61/48) 5 (5) 55 (50) 49 (45) 65 (30) 153 (70)

Non-PDR 110 (44/66) 15 (14) 53 (48) 42 (38) 83 (38) 137 (62)

PDR 66 (29/37) 11 (17) 30 (45) 25 (38) 52 (39) 80 (61)

DR (non-PDR þ PDR) 176 (73/103) 26 (15) 83 (47) 67 (38) 135 (38) 217 (62)

VEGF, vascular endothelial growth factor; NC, normal control; T2DM, type 2 diabetes mellitus; DR, diabetic retinopathy; PDR, proliferative diabetic retinopathy

Data are presented as numbers and in parentheses percentages. The 634C/G polymorphism is in complete Hardy–Weinberg equilibrium in all subjects. The

statistical analysis is shown in Table 3

Table 4 Examination of the numbers of individuals in a group with
the CC genotype in relation to the GC and GG genotype

P value

NC versus non-DR 0.0274�

NC versus DR 0.0777

Non-DR versus DR 0.0063�

Non-DR versus non-PDR 0.0326�

Non-PDR versus PDR 0.6622

NC, normal control; DR, diabetic retinopathy; PDR, proliferative diabetic

retinopathy

Fisher’s exact test (CC versus GC þ GG), P values are shown. An asterisk (�)

indicates the traditional acceptance of significance (P , 0.05)
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were the factors included in this analysis. It was revealed
that the 2634C/G VEGF promoter genotype denotes a sig-
nificantly increased risk of DR (OR ¼ 2.6, P , 0.001), and
that the polymorphism is the most predictive 2634C/G
polymorphism for DR. Additional predictors of DR
include plasma VEGF levels and DBP. Therefore, in the
Han Chinese with T2DM the 2634C/G VEGF polymorph-
ism is associated with DR, and can be used as a predictive
biomarker for DR in the clinic.

Discussion

VEGF is involved with retinal vascularization, as it partici-
pates in the formation of new vessels that appear after
retinal ischemia24,25 and several clinical trials are currently
investigating the efficacy of anti-VEGF agents in the treat-
ment of DR.26,27 In this study, only the 2634C/G poly-
morphism in the 50-untranslated region of the VEGF gene
was examined, because this polymorphism has been
found to be common in multiple populations with DR.13–19

In the retina, VEGF is produced in the pigmented epi-
thelium, the neurosensory retina, the pericytes and the
vascular smooth muscle layer.28,29 Plasma VEGF levels are
influenced by multiple factors, and are not equal to the
levels of vitreous and aqueous fluids within the eyes;
however, plasma VEGF is recognized as an indirect
measure of these fluids’ VEGF levels.30,31 In different popu-
lations including Caucasian, Japanese and Indian, the
association of VEGF 2634C/G polymorphism and DR is
contradictive.13 – 19 These differences could possibly be due
to differences in the genetic background or environment of
each population under examination. Therefore, we focused

Table 6 Odds ratios adjusted by logistic regression analysis for the
association with DR among type 2 diabetes patients

DR versus non-DR
Risk factor OR (95% CI) P

Age 1.057 (0.970–1.153) 0.203

BMI 0.974 (0.747–1.269) 0.829

SBP 1.048 (0.913–1.202) 0.642

DBP (mmHg) 1.113 (1.037–1.194) 0.003�

Plasma VEGF 1.041 (1.006–1.077) 0.001�

CC genotype 2.602 (1.484–5.066) �0.001�

DR, diabetic retinopathy; VEGF, vascular endothelial growth factor; BMI,

body mass index; SBP, systolic blood pressure; DBP, diastolic blood

pressure; OR, odds ratio; CI, confidence interval

OR is presented with its 95% CI, and the P value is given. P , 0.05 is

considered significant and is denoted by an asterisk. An asterisk (�) indicates

the traditional acceptance of significance (P , 0.05)

Figure 3 Comparison of plasma VEGF levels in Han Chinese diabetic

patients classified via the degree of retinopathy. The histogram depicts

plasma VEGF levels (means+SE) in subjects within the three subcategories

of type 2 diabetes: non-DR (n ¼ 109), non-PDR (n ¼ 110) and PDR (n ¼ 66).

Bar with an asterisk (�) is significantly different (P , 0.01) from the other

bars as determined by one-way ANOVA with Tukey–Kramer’s post hoc test.

VEGF, vascular endothelial growth factor; ANOVA, analysis of variance; DR,

diabetic retinopathy; PDR, proliferative diabetic retinopathy

Figure 2 Comparison of plasma VEGF levels in Han Chinese carrying the

2634CC, GC and GG VEGF promoter variants. The histogram depicts

plasma VEGF levels (means+SE) in subjects with CC (n ¼ 47), GC (n ¼ 170)

and GG (n ¼ 123) genotypes at –634 of the VEGF promoter. Bar with an aster-

isk (�) is significantly different (P , 0.01) from the other bars as determined by

one-way ANOVA with Tukey–Kramer’s post hoc test. VEGF, vascular

endothelial growth factor; ANOVA, analysis of variance

Table 5 Clinical and biochemical characteristics of study group
classified according to VEGF genotype

CC genotype CG genotype GG genotype

n 31 138 116

age 57.47+2.16 54.65+1.16 55.89+1.29

Duration (year) 14.8+0.68 16.7+0.51 14.7+0.44

BMI (kg/m2) 24.25+0.54 24.49+0.30 23.78+0.27

WHR 0.91+0.02 0.92+0.07 0.94+0.01

SBP (mmHg) 134.6+3.97 134.9+2.18 138.2+2.51

DBP (mmHg) 81.0+3.02 85.7+1.69 84.0+1.65

FBG (mmol/L) 8.5+0.40 9.3+0.31 8.8+0.32

HbA1c (%) 9.69+0.54 8.44+0.18 8.33+0.27

TC (mmol/L) 4.83+0.23 4.37+0.11 4.33+0.09

TG (mmol/L) 1.81+0.14 1.37+0.07 1.63+0.08

VEGF, vascular endothelial growth factor; BMI, body mass index; WHR,

waist–hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure;

FBG, fasting blood glucose; HbA1c, glycated haemoglobin; TC, cholesterol;

TG, triglyceride; ANOVA, analysis of variance

Data are presented as means+SE. Statistical differences were examined

via one-way ANOVA with Tukey–Kramer’s post hoc tests and determined to

be significant when P , 0.05; there is no significant difference among the

genotypes
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on a single ethnic group, the Han Chinese, in a defined geo-
graphical area, Yunnan Province.

In our patient population, Han Chinese presenting PDR
have greater plasma VEGF levels than patients presenting
non-DR or non-PDR (Figure 3). VEGF plasma levels may
be one of the predictors for DR in type 2 diabetic patients.32

Our study indicates that Han Chinese carrying the VEGF
2634CC genotype have greater plasma VEGF levels, and
the VEGF gene 2634C/G polymorphism is a risk factor
for DR in the Han Chinese, which is similar to what has
been reported in the Japanese.13 In our study the 2634C/
G polymorphism is not only related to DR, but is also
associated with a severe stage of retinopathy (PDR), that is
with neovascularization. This is reasonable, because
VEGF-induced vascular permeability as well as angiogen-
esis should be an important factor in development of PDR.

The VEGF 2634C/G polymorphism is also a potential
marker for MI in type 2 diabetic Caucasians.33,34 This is
likely due to the increased levels of VEGF due to this poly-
morphism (see below for further discussion); increased
VEGF levels are associated with more sever MI and poor
prognoses.35 This has yet to be tested in the Han Chinese;
however, it is likely that the increased plasma VEGF
observed in the PDR group would predict further diabetic
pathologies. This also explains the low sample size of this
group as patients with cardiovascular pathologies were
excluded from the study. Further studies are required to
determine if the VEGF 2634C/G polymorphism leads
to additional vascular pathologies in the Han Chinese.

Diabetes duration has been shown to be an independent
risk factor for retinopathy in many studies.21,23 The patients
in this study represent a wide range of duration of diabetes
and age; yet there are no differences between distribution of
the 2634C/G polymorphism within each duration of dia-
betes group (0–10, 11–20 and 21þ years) (Supplementary
Table 1). Moreover, duration of diabetes is not associated
with plasma VEGF levels. Therefore, in the Han Chinese it
appears that the duration of diabetes is not associated
with DR. However, further studies should be conducted
to examine other polymorphisms, and retrospective and
prospective studies should be conducted to determine if
VEGF polymorphisms, especially the 2634CC, accelerate
the progression of DR in the Han Chinese as can be hypoth-
esized based on this study.

Our findings suggest that the VEGF 2634CC genotype
increases the risk of DR development in Han Chinese with
type 2 diabetes. Plasma VEGF concentration is enhanced
in Han Chinese with the VEGF 2634CC genotype, and
is associated with DR. The most likely mechanism is that
the 2634CC genotype results in increased activity of the
VEGF promoter. The 50 UTR of VEGF has two internal ribo-
somal entry sites (IRES) that control translation of VEGF
mRNA, and the second IRES is affected by the 2634C/G
polymorphism.36 The VEGF gene expression is increased
by the 2634C allele, but not by the 2634G allele. In vitro
studies indicate that this increase is due to alternations of
the second IRES activity; 2634GG genotype has signifi-
cantly lower activity compared with 2634CC genotype,37

which likely explains the higher plasma VEGF levels
found in Han Chinese with the VEGF 2634 CC genotype

(Figure 2). However, there is also the possibility that there
are other confounding factors besides the 2634C/G poly-
morphism in our analysis, such as environmental and gen-
etical factors (i.e. hypoxia, hyperglycemia, oxidative stress,
ischemia and other VEGF gene polymorphisms) that influ-
ence plasma VEGF levels.38 Further studies will have to be
conducted to determine whether the 2634GG genotype is
sufficient to induce DR.

Not only is there an increase in the prevalence of type 2
diabetes in China, DR is also on the rise.39 Thus, it is necess-
ary to investigate genetic factors in the pathogenesis of DR
in the Han Chinese because the Han Chinese represent the
majority of the Chinese.20,40 The present study is the first
time that a relationship among VEGF gene 2634C/G poly-
morphism, plasma levels of VEGF and DR in type 2 diabetic
patients has been examined specially in the Han Chinese.
The data indicate that the VEGF 2634CC genotype is
associated with increased plasma levels of VEGF in the
Han Chinese and DR; moreover, type 2 diabetic patients
who do not present with retinopathy have a reduced fre-
quency of the 2634CC genotype compared with the
normal population and patients with DR. Consequently,
the 2634CC genotype is a negative factor contributing to
increased VEGF levels that synergize with the diabetic con-
dition resulting in increased retinopathy.

Therefore, this gene polymorphism can be used as a clini-
cal marker in diabetic Han Chinese prior to the observance
of retinopathy. A result of a 2634CC genotype would indi-
cate that the patient should be monitored more frequently
and may also suggest the use of an anti-VEGF therapy
such as ranibizumab or bevacizumab.41 Such an approach
will allow for personalized medicine. However, a larger
multicenter study is needed to test the hypotheses that
VEGF gene polymorphisms are causative of the observed
increased VEGF levels and subsequently DR in the Han
Chinese before such preventive therapy is wanted. The
data presented here can be used as a predictive clinical
marker of future DR, which can be used to alter the treat-
ment regimen of the patient.
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