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A Functional Variant of Vascular Endothelial Growth
Factor Is Associated with Severe Ischemic
Complications in Giant Cell Arteritis
BLANCA RUEDA, MIGUEL A. LOPEZ-NEVOT, MARIA J. LOPEZ-DIAZ, CARLOS GARCIA-PORRUA, 
JAVIER MARTÍN, and MIGUEL A. GONZALEZ-GAY

ABSTRACT. Objective. Angiogenesis, the formation of new blood vessels, may play a role in giant cell arteritis
(GCA), the most common type of systemic vasculitis in the elderly in Western countries. Vascular
endothelial growth factor (VEGF) is one of the most important proangiogenic mediators. We want-
ed to assess the potential role of –1154 G�A (rs1570360) and –634 G�C (rs2010963) VEGF gene
functional variants in GCA susceptibility and clinical ischemic complications.
Methods. One hundred and three patients with biopsy-proven GCA and 226 ethnically matched con-
trols from the Lugo region (Northwest Spain) were genotyped for the VEGF –1154 G�A and –634
G�C polymorphisms using a real time polymerase chain reaction technology based on TaqMan 5’
allelic discrimination assay.
Results. No significant differences in allele or genotype frequencies for the 2 VEGF polymorphisms
were observed between patients and controls. However, the VEGF –634 G allele was significantly
more frequent among GCA patients with severe ischemic complications compared with GCA
patients not affected by ischemic events (p = 0.017, odds ratio, OR: 2.05; 95% confidence interval,
CI: 1.13–3.71; pc = 0.034) or with controls (p = 0.021, OR: 1.75; 95% CI: 1.08–2.88; pc = 0.042). In
this regard, the carriage rate of the risk allele G showed statistically significant skewing comparing
GCA patients with severe ischemic events with the remaining GCA patients (GG + GC vs CC: 
p = 0.009, OR: 5.26; 95% CI: 1.39–19.98; pc= 0.018).
Conclusion. Our results suggest a potential implication of the VEGF gene –634 G�C polymorphism
in the development of severe ischemic manifestations of GCA. (J Rheumatol 2005;32:1737–41)
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Giant cell arteritis (GCA) is the most common type of sys-
temic vasculitis in Western countries in individuals over the
age of 501,2. It is characterized by the granulomatous
involvement of large and medium-sized blood vessels of the
aorta with predilection for the extracranial arteries of the
carotid artery2,3. Cranial ischemic events, in particular irre-
versible visual loss, are the major source of chronic disabil-
ity among patients with GCA. These severe ischemic com-
plications are the result of inflammation of the arterial wall,

which induces a series of structural changes such as intimal
hyperplasia and fragmentation of internal elastic laminae,
leading to luminal occlusion4,5. These ischemic events
might be partially compensated by neovascularization. 

Angiogenesis, the formation of new blood vessels, has
been proposed to play a dual role in vasculitis.  New vessel
formation may both compensate for ischemia as well as play
a proinflammatory role since neovessels are the main sites
where adhesion molecules for leukocytes are expressed in
GCA6,7. One of the most important proangiogenic media-
tors is the vascular endothelial growth factor (VEGF)8. The
main cellular sources of VEGF in the temporal arteries of
patients with GCA are multinucleated giant cells together
with CD68-positive macrophages at the media-intima junc-
tion9-11. In addition, high concentrations of circulating
VEGF have been found in patients with GCA and polymyal-
gia rheumatica (PMR); these patients show a reduction of
VEGF concentration after corticosteroid therapy12.

Several polymorphisms have been described within the
VEGF 5´UTR region, which interestingly is known to regu-
late VEGF expression at the posttranscriptional level13,14.
Two single nucleotide polymorphisms (SNP) located within
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the VEGF promoter region, –1154 G�A (rs1570360) and
–634 G�C (rs2010963) have been associated with varia-
tions in circulating VEGF levels and VEGF gene expres-
sion15. Additionally, the –634 G�C SNP was shown to
affect activity of an internal ribosomal entry site B (IRES-
B) involved in VEGF translation15.

We assessed the role of VEGF –1154 G�A and –634
G�C functional variants in GCA susceptibility and severity,
manifested by the presence of severe ischemic complica-
tions.

MATERIALS AND METHODS
Study population. The study group comprised 103 patients diagnosed with
biopsy-proven GCA in the Division of Rheumatology of the Hospital
Xeral-Calde (Lugo, Northwest Spain) and 226 ethnically matched controls
from the same region. All patients fulfilled the 1990 American College of
Rheumatology criteria for the classification of GCA16. Only patients who
had a positive temporal artery biopsy showing disruption of the internal
elastic laminae with infiltration of mononuclear cells into the arterial wall
with or without giant cells were included in this study.

Patients were considered to have an associated PMR if they had severe
bilateral ache and pain involving the neck, the shoulder, and/or the pelvic
girdles, associated with morning stiffness17,18. As reported19,20, patients
were considered to have severe ischemic manifestations if they had at least
one of the following complications: visual manifestations (transient visual
loss including amaurosis fugax, permanent visual loss, or diplopia), cere-
brovascular accidents (stroke and/or transient ischemic attacks), jaw clau-
dication, or large-artery stenosis of the extremities that caused signs of
occlusive manifestations (limb claudication) of recent onset. The main clin-
ical features of this series of 103 patients with biopsy-proven GCA are sum-
marized in Table 1.

Patients and controls were included in this study after written informed
consent. We obtained approval for the study from the local ethical committee.

VEGF genotyping. DNA from patients and controls was obtained from
peripheral blood using standard methods. Samples were genotyped for
–1154 G�A and –634 G�C variants using a TaqMan 5’ allelic discrimina-
tion assay. The –1154 G�A polymorphism was genotyped using a Custom
TaqMan SNP Genotyping assay method (Applied Biosystems, Foster City,
CA, USA). The primer sequences were 5´- TGG GCG TCC GCA GAG
(forward) and 5´-CCG CTA CCA GCC GAC TTT TAA (reverse), and the
TaqMan MGB probe sequences were 5´-CCT CAG CCC TTC CAC AC
and 5´- CTC AGC CCC TCC ACA C; the probes were labeled with fluo-
rescent dyes VIC and FAM, respectively. A TaqMan SNP Genotyping assay
was used for the –634 G�C polymorphisms (Applied Biosystems).

Polymerase chain reaction (PCR) was carried in a total reaction volume
of 12 µl with the following amplification protocol: denaturation at 95ºC for
10 min, followed by 55 cycles of denaturation at 95ºC for 15 s and anneal-
ing and extension at 60ºC for 1 min. Post-PCR, the genotype of each sam-
ple was attributed automatically by measuring the allelic specific fluores-
cence on the ABI PRIM 7000 Sequence Detection Systems using the SDS
1.1 software for allelic discrimination (Applied Biosystems). We confirmed
the genotyping assigned by the SDS 1.1 software by a PCR restriction frag-
ment length polymorphism (RFLP) of representative samples from each
genotype as described14 and additionally by sequencing these representa-
tive samples. 

Statistical analysis. Strength of association between patient groups and
controls and alleles or genotypes of the VEGF polymorphisms was esti-
mated using odds ratios (OR) and 95% confidence intervals (CI). Levels of
significance were determined using contingency tables by either chi-square
or Fisher exact analysis. Statistical significance was defined as p ≤ 0.05. 
P values were corrected by the number of comparisons. Calculations were
performed with the statistical package Stata V6. 

RESULTS
Table 2 shows the genotypic and allelic frequencies of
VEGF –1154 G�A and –634 G�C promoter genetic vari-
ants in patients with  biopsy-proven GCA and controls. 

The control population was found to be in Hardy-
Weinberg equilibrium. Allelic and genotypic frequencies of
both VEGF –1154 G�A and –634 G�C polymorphisms
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Table 1. Main clinical characteristics of a series of 103 patients with biop-
sy-proven GCA from the Lugo region (Northwest Spain). Values in paren-
theses indicate the  percentage of patients with a particular variable. 

Variable

Age at diagnosis, yrs
Mean ± SD 74.5 ± 6.0
Median 75
Range 60–92

Women: men 59:44
Proportion of women 57.3
Headache 87 (84)
Abnormal temporal artery on physical examination 77 (75)
PMR 41 (40)
Jaw claudication 41 (40)
Visual manifestations* 23 (22)
Permanent visual loss 10 (10)
Stroke 1 (1)
Arm claudication due to ischemia of the humeral artery 1 (1)
Severe ischemic manifestations** 53 (51)
ESR 103 (100)

* Transient visual loss including amaurosis fugax, permanent visual loss, or
diplopia. ** At least one of the following features: visual manifestations,
cerebrovascular accidents (stroke and/or transient ischemic attacks), jaw
claudication, or limb claudication of recent onset. ESR: erythrocyte sedi-
mentation rate > 40 mm/1st h.

Table 2. Genotypic and allelic frequencies of VEGF –1154 G→A and –634
G→C promoter polymorphisms among patients with GCA and controls. No
statistically significant differences between GCA patients and controls were
observed.

VEGF Promoter GCA Patients Controls
Polymorphisms n = 103 (%) n = 226 (%)

–1154 G→A
Genotype

G/G 54 (52.4) 118 (52.2)
G/A 42 (40.8) 84 (37.2)
A/A 7 (6.8) 24 (10.6)

Allele
G 150 (72.8) 320 (70.8)
A 56 (27.2) 132 (29.2)

–634 G→C
Genotype

G/G 52 (50.5) 101 (44.7)
G/C 36 (34.9) 86 (38.1)
C/C 15 (14.6) 39 (17.2)

Allele
G 140 (68.0) 288 (63.7)
C 66 (32.0) 164 (36.3)
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observed in our population were in close agreement with
those reported for other Caucasian populations15. The over-
all distribution of VEGF –1154 G�A or –634 G�C genetic
variants did not show any statistically significant deviation
between patients and controls considering either genotype
or allele frequencies (Table 2). 

To further investigate the role of VEGF promoter poly-
morphisms in GCA, we analyzed demographic and clinical
characteristics of patients with GCA according to their
VEGF –1154 G�A or –634 G�C genotype. Regarding the
VEGF –1154 polymorphism, stratification of patients con-
sidering gender, PMR, or severe ischemic manifestations
showed no statistically significant differences (Table 3).
Interestingly, we observed that the VEGF –634 G allele was
significantly more frequent among GCA patients with severe
ischemic complications compared with GCA patients not
affected by ischemic events (p = 0.017, OR: 2.05;  95% CI:
1.13–3.71; pc = 0.034) or with controls (p = 0.021, OR: 1.75;
95% CI: 1.08–2.88; pc = 0.042) (Table 3). In addition, the
overall VEGF –634 genotype distribution yielded significant
differences between GCA patients with and without severe
ischemic complications (p = 0.03 by chi-square test from 2 ×
3 contingency table). In this regard, the carriage rate of the
risk allele G showed statistically significant skewing com-
paring GCA patients with severe ischemic events with the
remaining GCA patients (GG + GC vs CC: p = 0.009, OR:
5.26; 95% CI: 1.39–19.98; pc = 0.018) (Table 3). 

Despite intravenous methylprednisolone pulse therapy (1
g daily for 3 consecutive days), 10 (10%) of the 103 patients
with GCA included in this study developed permanent visu-
al loss (Table 1). When the group of patients with “true”
occlusive disease (permanent visual loss plus stroke and/or
occlusive disease in the upper extremities related to GCA)
(n = 12) was compared with the remaining group of GCA
patients, important differences were observed. In this
regard, 9 (75%) out of these 12 patients with occlusive dis-
ease carried the VEGF –634 G/G genotype versus 43
(47.3%) in the remaining 91 GCA patients. In addition, none
of the 12 patients with occlusive disease carried the VEGF
–634 C/C genotype compared with 15 (16.5%) of the 91
without occlusive disease. Due to this, VEGF –634 G allele
was significantly increased in GCA patients with occlusive
disease compared with the remaining GCA patients (p =
0.03; OR: 4.76; 95% CI: 1.13–12.07). Differences were
more significant when the group of 12 patients with occlu-
sive disease was compared with the group of 50 patients
with biopsy-proven GCA without severe ischemic compli-
cations. Again, the presence of VEGF –634 G/G genotype
was increased in patients with occlusive disease compared
with those without severe ischemic manifestations (9 of 12
versus 22 of 50). As a consequence, VEGF –634 G allele
was significantly increased in GCA patients with occlusive
disease compared with patients without severe ischemic
manifestations (p = 0.01; OR: 4.67; 95% CI: 1.61–16.69).
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Table 3. Genotypic and allelic frequencies of VEGF –1154G→A and –634 G→C promoter polymorphisms
according to patients’ clinical manifestations.

VEGF Promoter GCA and Severe Ischemic GCA Gender GCA and PMR
Polymorphisms                 Manifestations

Yes No Female Male Yes No
n = 53 (%) n = 50 (%) n = 59 (%) n = 44 (%) n = 41 (%) n = 62 (%)

–1154 G→A
Genotype

G/G 26 (49.1) 28 (56.0) 27 (45.8) 27 (61.4) 22 (53.7) 32 (51.6)
G/A 25 (47.2) 17 (34.0) 27 (45.8) 15 (34.1) 16 (39.0) 26 (41.9)
A/A 2 (3.7) 5 (10.0) 5 (8.4) 2 (4.5) 3 (7.3) 4 (6.5)

Allele
G 77 (72.6) 73 (73.0) 81 (68.4) 69 (78.4) 60 (73.2) 90 (72.6)
A 29 (27.4) 27 (27.0) 37 (31.6) 19 (21.6) 22 (26.8) 34 (27.4)

–634 G→C
Genotypec

G/G 30 (56.6) 22 (44.0) 34 (57.6) 18 (40.9) 20 (48.8) 32 (51.6)
G/C 20 (37.7) 16 (32.0) 16 (27.1) 20 (45.5) 12 (29.3) 24 (38.7)
C/C 3 (5.7) 12 (24.0) 9 (15.3) 6 (13.6) 9 (21.9) 6 (9.7)

Allele
G 80 (75.5)a,b 60 (60.0) 84 (71.2) 56 (63.6) 52 (63.4) 88 (71.0)
C 26 (24.5) 40 (40.0) 34 (28.8) 32 (36.4) 30 (36.6) 36 (29.0)

a Allele G was increased in GCA patients with severe ischemic manifestations compared to the rest of GCA
patients (p = 0.017, OR: 2.05; 95% CI: 1.13–3.71; pc = 0.034). b Allele G was increased in GCA patients with
severe ischemic manifestations compared with controls. (p = 0.021, (OR: 1.75; 95% CI: 1.08–2.88; pc = 0.042).
c GG + GC versus CC genotype in GCA patients with severe ischemic manifestations compared with remaining
GCA patients: (p = 0.009: OR: 5.26; 95% CI: 1.39–19.98; pc = 0.018).
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We previously reported in an epidemiological study
based on 210 patients with biopsy-proven GCA that pres-
ence of traditional risk factors of atherosclerosis, in particu-
lar the presence of hypertension, prior to the diagnosis of
this vasculitis increased risk of severe ischemic complica-
tions20. However, although VEGF –634 C/C genotype fre-
quency was reduced in the 55 (10.9%) of the 103 patients
with biopsy-proven GCA with traditional atherosclerosis
risk factors (hypercholesterolemia, diabetes mellitus, hyper-
tension, or heavy smoking) assessed in the present study
compared with the remaining 48 patients (18.8%), differ-
ences did not achieve statistical significance. Similarly,
although the frequency VEGF –634 G/G genotype was
increased in the group of patients with biopsy-proven GCA
with hypertension (24 of 39; 61.5% versus 28 of 64; 43.7%
without hypertension) and the frequency of VEGF –634 C/C
genotype was also reduced in this group of GCA patients
with hypertension (4; 10.3% versus 11; 17.2%), the increase
of VEGF –634 G allele in GCA patients with hypertension
remained slightly out of the range of significance (p = 0.06;
OR: 1.80; 95% CI: 0.96–3.38).

DISCUSSION
Angiogenesis has been well established as a crucial process
in a wide range of pathological conditions21. Depending on
the disease physiopathology, angiogenesis might contribute
to disease progression, as is the case with tumor dissemina-
tion or chronic inflammatory diseases like rheumatoid
arthritis. On the other hand, in vascular disorders leading to
vessel occlusion, such as coronary artery or arteriopathy,
new vessel formation might have a compensatory role.
Regarding GCA, recent data support the theory that inflam-
mation-induced angiogenic activity could counteract the
GCA ischemic complications11.

We assessed 2 functional VEGF genetic variants in GCA
susceptibility and clinical complications. Our results do not
provide evidence for an implication of VEGF –1154 G�A
or –634 G�C promoter polymorphism in GCA predisposi-
tion. However, an interesting finding was the possible role
of VEGF –634 G�C polymorphism in GCA clinical mani-
festations. The G allele was significantly overrepresented in
GCA patients with ischemic complications and additionally,
a higher risk of developing severe ischemic complications
was observed for individuals homozygous for –634 GG.

Functional studies have demonstrated that VEGF –634 G
allele is associated with lower circulating VEGF levels in
vivo, reduced VEGF transcription, and less IRES-mediated
VEGF expression15. In this sense, it is plausible that patients
with GCA carrying the VEGF –634 G allele might undergo
inhibition of angiogenesis, and therefore an exacerbation of
the ischemic phenomena.

An implication of VEGF –634 G�C polymorphism in a
series of autoimmune and inflammatory disorders, such as
severe diabetic complications14, Behçet’s disease22, and

neurodegenerative disorders15, has been reported. Of inter-
est, a recent study in an Italian population showed that the
VEGF –634 C allele was significantly more frequent in
patients with GCA than controls23. Nevertheless, no associ-
ation between VEGF –634 G�C polymorphisms and GCA
ischemic lesions was observed. It is possible that the lack of
accordance between our study and that from Boiardi, et al
might be due to environmental factors and different genetic
backgrounds of the populations. In fact, these 2 regions of
Southern Europe show different rates of GCA inci-
dence24,25. In addition, GCA susceptibility in both popula-
tions shows important immunogenetic differences. In this
regard, as reported in most series26, GCA in Lugo (Spain) is
associated with HLA-DRB1*04 alleles27. However, it is not
the case for Reggio Emilia patients (Italy)28. Differences
between both populations in terms of potential association
of this vasculitis with other non-HLA alleles have been
described29-32.

In conclusion, our study suggests that the VEGF –634
promoter polymorphism might be implicated in GCA sever-
ity. Reports of well-documented families of first-degree rel-
atives with GCA support a genetic component in the patho-
genesis of GCA33. Associations between GCA and genes
that lie within the HLA-class II region have been
described34. However, GCA appears to be a polygenic dis-
ease, and different genes may influence the phenotype and
outcome of this condition26. Since angiogenesis has been
proposed as a compensatory mechanism for ischemic
events, it would be very interesting to examine the contribu-
tion of other proangiogenic mediators as novel candidate
genes to GCA predisposition or severity.
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