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Abstract
Objective
The purpose of this study was to examine whether polymorphisms of interleukin-4 (IL-4) (promoter-590 and intron 3) and
tumor necrosis factor-o. (TNF-a,) promoter-308 genes are markers of susceptibility to or clinical manifestations of gout in
Taiwanese patients.

Methods
The study included 196 Taiwanese patients with gout and 103 unrelated healthy control subjects living in central Taiwan.
Polymorphisms of the IL-4 (promoter-590 and intron 3) and TNF-o. (promoter-308) genes were typed from genomic DNA.
Allelic frequencies and carriage rates were then compared between gout patients and control subjects. The correlation
between allelic frequencies, carriage rates and clinical manifestations of gout were evaluated.

Results
No significant differences were observed in the allelic frequencies and carriage rates of the IL-4 (promoter-590 and intron
3) and TNF-a. gene polymorphisms between patients with gout and healthy control subjects. Furthermore, the IL-4 (pro-
moter-590 and intron 3) and TNF-o. genotypes were not found to be associated with the clinical and laboratory profiles in
gout patients. However, there was a significant difference in the TNF-o. polymorphism genotype between patients with and
without hypertriglyceridemia (P=0.001, x2 =11.47, OR=10.3, 95%CI= 3.57-29.7).

Conclusions
The results of our study suggest that polymorphisms of the IL-4 (promoter-590 and intron 3) and TNF-o. promoter-308
genes are not related to gout in Chinese patients in Taiwan.
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Introduction

Gout is one of the oldest known forms
of arthritis (joint inflammation) and
holds a unique place in the history
of medicine. The most specific clini-
cal manifestation is the appearance of
monosodium urate (MSU) crystals in
the joints that induce acute attacks of
gouty arthritis. However, we are un-
able to explain why these crystals are
present in the synovial fluid of asymp-
tomatic uninflamed joints (1). MSU
crystals in the joint are most probably
macrophage-like synovial cells that
induce the release of vasoactive pros-
taglandins, proteases, and proinflam-
matory cytokines including interleukin
1 (IL-1), TNF-a, IL-6, and IL-8, which
in turn initiate a vigorous inflammatory
response (2).

Cytokine is the general term for a large
group of molecules involved in sig-
naling between cells during immune
responses. Among the cytokines, IL-4
has anti-inflammatory properties, but
its production is decreased or absent in
rheumatoid synovial tissue (3). The IL-
4 gene has been mapped to the q arm
(g23-31) of chromosome 5 in a cluster
of cytokine genes (IL-3, IL-5, IL-9,
IL-13, IL-15, GM-CSF, and interferon
regulatory factor). Different polymor-
phisms of the IL-4 gene have been de-
scribed, and at least two of them may
influence protein production. One of
these is a C to T change upstream of all
previously described control elements
of IL-4 at position =590 from the first
ATG codon (4). The other is located
in the third intron, and is composed of
a variable number of tandem repeats
(VNTR) of a 70-bp sequence (5).

IL-4 is a key cytokine that induces
the activation and differentiation of B
cells as well as development of the Th2
subset of lymphocytes. Th2 cytokines
such as IL-4, IL-6, and IL-10 primarily
support antibody production and many
studies have confirmed that rheumatoid
arthritis synovial fluids (RA SF) con-
tain either no (< 15 pg/ml) or very low
amounts (< 25 pg/ml) of IL-4 (3).

The gene encoding TNF-a is located in
the major histocompatibility complex
(MHC) class III region of chromosome
6 and is highly polymorphic. Previous
studies have demonstrated consider-
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able genetic diversity at the TNF locus
(6). The importance of this locus in
inflammatory disorders has been con-
firmed. The association of various alle-
les of TNF-a with several autoimmune
disease phenotypes confirms the im-
portance of this locus in inflammatory
disorders (7). In particular, the —308 A
allele has been shown to be associated
with high promoter activity (8). How-
ever, no previous study has demonstrat-
ed the relationship between the IL-4
gene and TNF-oa gene polymorphisms
and gouty arthritis. Therefore, we ex-
amined two polymorphisms of the IL-4
gene (promoter-590 and intron 3) and
one of the TNF-a gene (promoter-308)
to determine whether they might serve
as markers of susceptibility to and/or
the severity of gout by comparing al-
lelic frequencies in 196 patients with
gout and 103 healthy individuals.

Patients and methods

Gout patients and healthy controls

We enrolled 196 patients with gout (14
women, 182 men; average age 49.5 yrs,
range 18-84 yrs) according to the 1977
revised American College of Rheuma-
tology (ACR) criteria (9). In addition,
103 sex- and age-matched unrelated,
healthy individuals living in central Tai-
wan served as control subjects. Informed
written consent was obtained from both
groups participating in this study.

Definition of variables

Hyperuricemia was defined as = 7.0
mg/dl serum uric acid for males and
> 6.0 mg/dl for females. Three con-
secutive blood pressure readings were
taken from the right arm at least 5 min
apart with the subject seated. Diastolic
blood pressure was measured at the
fifth phase. Definite hypertension was
defined if the average of three readings
was = 160/95 mmHg. Hypertriglyceri-
demia was defined as serum triglycer-
ide = 200 mg/dl, and hypercholestero-
lemia was defined as serum cholesterol
> 200 mg/dl.

DNA extraction

Genomic DNA was prepared from
peripheral blood by a genomic DNA
isolation reagent kit (Genomarker,
Taiwan).



Polymorphism analysis

IL-4 intron 3 polymorphism. PCR was
performed in a total reaction volume
of 25 ul with 2.5~10 pmole of each
primer containing 10 mM Tris-HCI,
pH 8.3, 50 mM KCl, 2.0 mM MgCl,,
0.2 mM of each deoxyribonucleotide
triphosphate, and 1 unit of Amplitaq
DNA polymerase (Perkin Elmer, For-
ster City, CA, USA). The cycling con-
ditions were as follows: one cycle at
94°C for 5 minutes; 35 cycles at 94°C
for 20 seconds, 35 cycles at 58°C for 20
seconds, 35 cycles at 72°C for 20 sec-
onds, and one final extension cycle at
72°C for 10 minutes. The cycles were
performed in a Perkin-Elmer 2400
thermal cycler. Primers were upstream
5’-AGGCTGAAAGGGGGAAAGC-
3’ and downstream 5’-CTGTTCAC-
CTCAACTGCTCC-3’. The IL-4 in-
tron 3 polymorphism PCR products,
including 70-bp VNTR, were directly
analyzed by electrophoresis on 3%
agarose gel and each allele was rec-
ognized according to its size. The RP1
and RP2 alleles were 183-bp and 253-
bp, respectively.

IL-4 polymorphism at position —590.
PCR and cycling conditions were per-
formed as previously described. Prim-
ers for this polymorphism were up-
stream 5’-ACTAGGCCTCACCTGA-
TACG-3’ and downstream 5’-GTTG-
TAATGCAGTCCTCCTG-3’. The PCR
products were studied after Bsm FI re-
striction enzyme digestion (New Eng-
land Biolabs, Beverly, MA, USA). Two
alleles exist at the —590 position. Bsm
FI causes cleavage of a restriction site
at the —590 position when the *C allele
is present, giving rise to fragments 60
and 192bp in length, or 252bp when the
*T allele is present. The digested frag-
ments were analyzed by electrophore-
sis on 3% agarose gels.

TNF-o. polymorphism at position —308.
The primer for the TNFo promoter
—308 polymorphism was designed as
upstream 5°-AGGCAA TAGGTTTT-
GAGGGCCAT-3’ and downstream 5°-
ACACTCCCCATCCTCCCGGCT-3’
according to the procedure described by
Galbraith et al. (10). The cycling condi-
tions for promoter -308 were set as fol-
lows: one cycle at 94°C for 5 min, 35
cycles at 94°C for 30 sec, 60°C for 40
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sec, and 72°C for 40 sec, and one final
cycle of extension at 72°C for 7 min.
The PCR product (117-bp) was mixed
with 2 units of Nco I (New England Bi-
olabs, Beverly, USA) and the reaction
buffer according to the manufacturer’s
instructions. The restriction site was
designed to be located at the frequently
seen allele of promoter -308 (A) to form
a digestible site. Two fragments of 97-
bp and 20-bp were present if the product
was digestible. The reaction was incu-
bated for 3 hours at 37°C. Then, 10 ul
of the product was loaded onto 3% aga-
rose gel containing ethidium bromide
for electrophoresis. The polymorphism
was subdivided into AA homozygote
(digestible), GG homozygote (undigest-
ible) and A/G heterozygote.

Statistical analysis

Allelic frequency was expressed as a
percentage of the total number of alle-
les. Results from control subjects and
gout patients were compared by the >
test (2x2 contingency tables) for sta-
tistical significance. P values < 0.05
were considered statistically signifi-
cant. Odds ratios (OR) were calculated
from allelic frequencies with 95% con-
fidence intervals (95% CI).

Results

The distribution of the TNF-o geno-
types, allelic frequencies and car-
riage rates among the control subjects
and the patients with gouty arthritis is
shown in Table I. The distribution of the

G/G homozygote in the control group
was 86.4%, and the distribution of the
G/A homozygote was 13.6%. In gout
patients, the distribution of G/G was
83.7%, and that of G/A was 16.3%. Us-
ing the chi-square test, we compared the
distribution of the TNF-a genotypes,
allelic frequencies and carriage rates by
the 7 test and found no significant dif-
ferences between the patients with gout
and the healthy control subjects (p =
0.53,0.55, and 0.59, respectively). Sim-
ilarly, we detected no significant differ-
ences in genotype, allelic frequency or
carriage rate, including those of the IL-
4 promoter and IL-4 intron 3 regions,
between the patients with gout and the
healthy control subjects (Table II). The
related clinical symptoms and laborato-
ry findings, such as hypertension, tophi,
alcohol drinking, hyperuricemia, hy-
perlipidemia, diabetic mellitus (DM),
and gout family history are shown in
Table III. Except for hypertriglycerid-
mia, we did not find any relationship
between the TNF-a promoter genotype
and the clinical symptoms and findings
in patients with gout. The A/G genotype
was significantly more common than
the G/G in gout patients with hypertrig-
lyceridmia (%> = 11.47, p =0.001), (OR
= 10.3, 95% confidence interval 3.57-
29.7). There was no significant asso-
ciation between the IL-4 intron 3 gene
polymorphism and clinical symptoms
and findings. We observed increased
frequencies of tophi and hypercholes-
terolcemia among patients with the C

Table I. Distribution of TNF-a genotypes, allelic frequencies and carriage rates among

gout patients and healthy control subjects.

Gout patients (%) Controls (%) P
n=196 n=103
Genotype
TNF-alpha
G/G 164 (83.7) 89 (86.4) 0.53
G/A 32 (16.3) 14 (13.6)
A/A 0 0
Allelic frequency
TNF-alpha
Allele G 360 (91.8) 192 (93.2) 0.55
Allele A 32 (8.2) 14 (6.8)
Allelic carriage
TNF-alpha
Allele G 196 (86.0) 103 (88.0) 0.59
Allele A 32 (14.0) 14 (12.0)
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Table II. Distribution of IL-4 genotypes, allelic frequencies and carriage rates among gout

patients and healthy control subjects.

Gout patients (%) Controls (%) P
n=196 n=103

Genotype

IL-4 promoter
-590*C/-590*C 10 (5.1) 6 (5.8) 0.97
-590*C/-590*T 65 (33.2) 34 (33.0)
-590*T/-590*T 121 (61.7) 63 (61.2)

IL-4 intron3
RP1/RPI1 126 (64.3) 66 (64.1) 0.95
RP1/RP2 61 (31.1) 33 (32.0)
RP2/RP2 9 (4.6) 4 (3.9

Allelic frequency

IL-4 promoter
Allele C 85 (21.7) 46 (22.3) 0.86
Allele T 307 (78.3) 160 (77.7)

IL-4 intron3
RP1 313 (79.8) 165 (80.1) 0.94
RP2 79 (20.2) 41 (19.9)

Allelic carriage rate

IL-4 promoter
Allele C 75 (28.7) 40 (29.2) 0.92
Allele T 186 (71.3) 97 (65.7)

IL-4 intron 3
RP1 187 (72.8) 99 (72.8) 0.99
RP2 70 (27.2) 37 (27.2)

Table III. Relationship between TNF-a genotypes and clinical symptoms and findings in

patients with gout.

TNF-alpha G/G (%) A/G (%) P
Hypertension 47 (28.9) 8 (25.0) 0.66
Tophi 32 (19.6) 10 (31.3) 0.16
Alcohol drinking 40 (24.5) 8 (25.0) 0.96
Hyperuricemia 127 (78.4) 22 (68.8) 0.25
Hypertriglyceridemia 33 (28.2) 8 (80.0) 0.001*
Hypercholesterolemia 62 (57.4) 8 (40.0) 0.15
Diabetic mellitus 19 (12.3) 5 (17.9) 0.42
Family history of gout 58 (37.7) 13 (46.4) 0.38

*Statistical analysis represents the results of hypertriglyceridemia compared with the subgroup with
hypertriglyceridemia. P =0.001, %?test = 11.47, OR = 10.3, 95%CI = 3.57~29.7.

allele compared with patients with the
T allele in the IL-4 promoter; however,
the differences were not statistically
significant (p = 0.07 and 0.09, respec-
tively). Similarly, we did not find any
relationship between the IL-4 promoter
polymorphism and other parameters of
clinical symptoms of gout in Chinese
patients in Taiwan (Table IV).

Discussion

Gout is not a single disease but a term
used to describe a group of metabolic
disorders characterized by deposition
in the tissue of MSU monohydrate
crystals from hyperuricaemic body

fluids. Acute gouty paroxysm is trig-
gered by precipitation of MSU in the
joints or neighboring tissues (1). MSU
crystals in the joint are most probably
macrophage-like synovial cells that in-
duce the release of vasoactive prostag-
landins, proteases, and proinflamma-
tory cytokines including IL-1, TNF-a,
IL-6, and IL-8, which in turn initiate
vigorous inflammatory responses (2).
TNF is a pluripotent cytokine that has
been implicated in the pathogenesis of
several chronic inflammatory diseases
with an autoimmune component. TNF-
a is a proinflammatory cytokine that
regulates the acute-phase response,
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vascular adhesion, bone marrow pro-
genitor differentiation, and apoptosis
(11). Mice transgenic for the overex-
pression or inappropriate expression of
TNF-a develop systemic or organ-spe-
cific inflammation. An increase in the
spontaneous release of TNF-a from the
monocytes of gout patients has been re-
ported by several researchers (12).

IL-4 is a cytokine with anti-inflamma-
tory properties and is a specific and
major defining product of Th2 cells.
IL-4 has been shown to inhibit IL-1f3,
IL-6, and TNFa as well as IgM and
IgG production by human synovial tis-
sue cultures, and IL-1p, IL-6, and IL-8
by freshly isolated adherent synovial
cells (13). The self-limitation of acute
gouty inflammation has been known
for a long time. Although many mecha-
nisms can partly explain the spontane-
ous resolution in acute gout, the etiol-
ogy of the disorder is still unknown.
IL-4 may play an important role in the
anti-inflammation effect of acute gout.
Nucleotide variations in the human ge-
nome include single nucleotide poly-
morphisms (SNP), variable number
tandem repeat (VNTR) polymor-
phisms, microsatellite polymorphisms
and nucleotide deletions and inser-
tions. The activity of individual genes
may be regulated by certain nucleotide
variations in the coding or non-coding
region, which might influence gene
transcription or alter the function of
the gene product. Variations in the ge-
nome contribute to the genetic basis of
human traits or disease. Both genetic
and environmental factors contrib-
ute to the severity of susceptibility to
gout. Gout and genetic polymorphisms
of the genes responsible for immunity
were not traditionally perceived as be-
ing causally related, but their relation-
ship is being increasingly investigated.
Some studies of the TNF-a gene poly-
morphism in rheumatoid arthritis (RA)
and systemic lupus erythematosus
(SLE) patients have shown conflict-
ing results between patients and con-
trols. Additionally, our previous stud-
ies demonstrated that IL-4 promoter
and IL-4 intron 3 gene polymorphisms
cannot serve as candidate gene mark-
ers for screening RA and SLE patients
(14, 15). Gouty arthritis, like RA and
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Table I'V. Relationship between IL-4 intron 3 and promoter genotypes and clinical symptoms and findings in patients with gout.

IL-4

intron 3 Hypertension Tophi Alcohol Hyperuricemia Hypertriglycer-  Hyperchole Family DM
drinking idemia -sterolemia history

RP1/RP1 (%) 34 (27.2) 22 (17.6) 34 (27.2) 98 (78.4) 27 (33.3) 45 (54.2) 48 (41.4) 17 (14.7)

RP1/RP2 (%) 17 (27.9) 16 (26.2) 10 (16.4) 45 (75.0) 10 (25.0) 20 (51.3) 18 (31.6) 6 (10.5)

RP2/RP2 (%) 4 (44.4) 4 (44.4) 4 (44.4) 6 (66.7) 4 (66.7) 5 (83.3) 5 (55.6) 1 (11.1)

P value 0.57 0.12 0.10 0.10 0.13 1.30 0.27 0.74

Promoter Hypertension Tophi Alcohol Hyperuricemia Hypertriglycer- ~ Hyperchole Family DM
drinking idemia -sterolemia history

C/C (%) 5 (50.0) 5 (50.0) 4 (40.0) 7 (70.0) 4 (57.1) 6 (85.7) 5 (50) 1 (10)

C/T (%) 19 (29.2) 14 (21.5) 12 (18.2) 49 (76.6) 14 (32.6) 19 (45.2) 23 (37.1) 6 (9.8)

T/T (%) 31 (25.8) 23 (19.2) 32 (26.7) 93 (71.5) 23 (23.0) 45 (57.0) 43 (39.1) 17 (15.5)

P value 0.29 0.07 0.24 0.87 0.35 0.09 0.74 0.56

SLE, is an inflammatory arthritis. In
the present study we chose to screen
two polymorphisms in the IL-4 gene
(promoter and intron 3), and one in the
TNF-o (-308) gene. No statistically
significant differences in the IL-4 (pro-
moter and intron 3) and TNF-a geno-
types or allelic frequencies between
gout patients and normal individuals
were found. However, there was a sig-
nificant difference in TNFa-308 poly-
morphism between gout patients with
and without hypertriglyceridemia. This
suggests that TNF-o (promoter-308) is
correlated with the hypergliceridemia
in gout, but not with gout itself.

Hyperuricemia is the most important
direct risk factor for gout; other risk
factors include male gender, age, hy-
pertension, DM, renal insufficiency, al-
cohol abuse, family history, and coro-
nary artery disease (16). Gout is also
associated with hypertriglyceridemia.
The association between gout and cor-
onary artery disease is somewhat con-
troversial. Gout may be associated with
atherosclerosis only because of the high
prevalence of obesity and hypertension
(17) in patients with gout. In our study,
the IL-4 (promoter and intron 3) and
TNF-o genotypes and clinical signs,
including hyperuricemia, tophus, hy-
pertension, DM, alcohol drinking, fam-
ily history and cholesterol, did not dif-
fer significantly between gout patients
and controls. However, hypertriglyc-
eridemia was statistically correlated to
TNF-a (-308) gene polymorphism (p =
0.001). Inflammation, which is thought
to be mediated by cytokines, is associ-

ated with hypertriglyceridemia. In fact,
TNF-o was shown to increase serum
triglyceride levels primarily by stimu-
lating hepatic lipid synthesis and se-
cretion (18). The association between
TNF-a (-308) gene polymorphism and
gout needs further confirmation.

In conclusion, the results from our
present study suggest that the TNF-a
promoter —308 polymorphism is cor-
related with the hypergliceridemia in
gout but not with gout itself.
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