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Rheumatoid arthritis (RA) is a systemic inflammatory poly-
arthritis that affects 0.5–1% of the general population with
high personal, social, and economic costs. It is a multifac-
torial disease, with genetic and enviromental factors con-
tributing to the pathogenesis1,2. It is considered that the con-

tribution of the genes localized at the HLA complex
explains 30–50% of the genetic component of RA3,4.
Besides MHC genes, cytokine genes are of particular inter-
est, providing active participation in the inflammatory
process of RA5.

It is considered that RA is orchestrated by Th1 CD4+
cells that stimulate monocytes, macrophages, synovial
fibroblasts, and other cells to produce cytokines such as
tumor necrosis factor-α (TNF-α), interleukin 1 (IL-1), IL-6,
IL-15, IL-17, and metalloproteinases that produce tissue
damage6. In response to this proinflammatory reaction,
antiinflammatory mechanisms are activated in an attempt to
control the autoreactivity. These mechanisms include the
production of IL-10, IL-13, IL-4, and transforming growth
factor-ß, as well as antagonists of the mediators of inflam-
mation such as the IL-1 receptor antagonist (IL-1Ra) and
soluble receptors of TNF-α6,7.

IL-4 is produced by Th2 cells, basophils, eosinophils,
and mastocytes and promotes the change of immunoglobu-
lin production of B cells from IgM to IgE and IgG48. It has
stimulatory and inhibitory effects, inducing differentiation
of Th0 to Th2 cells, and among its antiinflammatory
processes are downregulation of proinflammatory cytokines
such as TNF-α, IL-1ß, IL-6, and interferon-γ (IFN-γ), inhi-
bition of the proliferation of fibroblastic cells of the articu-
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ABSTRACT. Objective. Rheumatoid arthritis (RA) is considered a Th1-driven disease. Interleukin 4 (IL-4) binds
to its receptor, promoting Th2 differentiation and limiting Th1 responses, but its role in the patho-
genesis of RA is conflicting. We analyzed 2 polymorphisms of the IL4 gene and 4 polymorphisms
of the IL4RA gene in patients with RA and in a control population, as well as rheumatoid factor (RF)
seropositivity, titers of RF, and history of replacement joint surgery among patients with RA.
Methods. The study population consisted of 102 patients with RA and 102 matched healthy controls.
Genotyping of IL4 –590, IL4RA +148, +1124, +1218, and +1902 was determined by restriction frag-
ment length polymorphism-polymerase chain reaction (PCR) and sequence-specific primer-PCR.
IL4 variable number tandem repeat polymorphism was determined by direct amplification.
Results. The IL4 –590TT genotype was significantly more frequent in patients with RA than in con-
trols (p = 0.018, OR 3.34, 95% CI 1.08–11.04). The IL4RA +148A allele was significantly associat-
ed with the presence of RF (p = 0.0019, OR 2.55, 95% CI 1.55–4.86) and a history of articular joint
replacement (p = 0.024, OR 2.08, 95% CI 1.04–4.18). The IL4RA +1902G allele was more fre-
quently seen in patients with RA and high RF titers (p = 0.00067, OR 4, 95% CI 1.64–9.93).
Conclusion. Highly complex pathways lead to the development of RA and may not be similar in all
patients. Our findings of higher frequency of IL4 and IL4RA genotypes and alleles with RA, pres-
ence of RF, RF titers, and history of articular joint replacement support the polygenic expression of
RA and the likely role of IL-4 in influencing its initiation and development. (First Release Dec 1
2006; J Rheumatol 2007;34:36–42)
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lar synovium, and diminution of bone resorption9. It has
been established that synovial concentrations of IL-4 are
low or absent in patients with RA10.

The IL4 gene is located at the long arm of chromosome
5 (q23–31), closely linked to other cytokines responsible for
allergic reactions mediated by Th2, such as IL-5 and IL-13.
The gene has several polymorphisms — the promoter poly-
morphism –590 and a 70 bp tandem repeat (variable num-
ber tandem repeat, VNTR) located in the third intron being
the most widely studied11.

IL-4 binds to its receptor at the surface of the target cell.
IL-4 receptor is composed of 2 subunits; the binding to a
subunit (IL4RA) is of high affinity, whereas the function of
the γc subunit is to amplify the signal transduced by the IL-
4Ra8. IL4RA is located at the short arm of chromosome
16p12.1. Several polymorphisms have been described in the
codifying and in non-codifying regions of the gene12. It has
been established that polymorphisms located in the +148
codifying region (transition A/G, Ile50Val) of the extracel-
lular domain and in the +1902 codifying region (transition
A/G, Gln576Arg) of the intracellular domain affect the
binding of its ligand or the intracellular signaling, respec-
tively8,13.

The role of IL-4 in the pathogenesis of RA is conflict-
ing. For example, in experimental models of arthritis in
mice, gene therapy with IL-4 prevented articular damage
and bone erosion, although it did not diminish inflamma-
tion14. High levels of expression of intraarticular IL-4 by
retroviral transduction in an arthritis model induced clini-
cal and radiological improvement of the arthritis15.
Additionally, administration of monoclonal antibodies
against IL-4 in a mouse model of collagen-induced arthri-
tis resulted in greater severity of disease, also suggesting a
protective role of IL-4 in this model16. However, the
administration of recombinant IL-4 (rIL-4), in a random-
ized, double-blind, placebo controlled study did not show
encouraging results, despite good rIL-4 tolerance17.
Further, recent information suggests that IL-4 could play an
important inflammatory function in the early phases of
RA18,19.

Polymorphic variations of the cytokine genes or their
receptors have received attention as potential markers of
susceptibility, severity, and/or protection in RA. Given that
RA is a chronic inflammatory process with variable presen-
tation and development, it is possible that these differences
are related to individual variations at the level of cytokine
production as a result of polymorphic variations of their
genes20.

We investigated 6 polymorphisms, 2 in the IL4 and 4 in
the IL4RA genes, and compared allele frequencies in a nor-
mal healthy population with those of patients with RA, as
well as with some clinical features such as RF seropositivi-
ty, titer of RF, and history of replacement joint surgery
among patients with RA. 

MATERIALS AND METHODS
Patients and controls. We enrolled 102 patients with RA and 102 healthy
local controls of similar age and sex. All patients met the 1987 revised
American College of Rheumatology (ACR) criteria for RA21. The study
was approved by the Ethical Committee of the Industrial University of
Santander Faculty of Health, and all participants gave signed informed
consent. Only individuals older than 16 years, who had not received blood
transfusions in the last 6 months before sampling, were enrolled for study.
Clinical data. A patient questionnaire at the time of enrollment recorded
demographic data that included age, sex, age at presentation of RA, dura-
tion of disease, history of major joint replacement surgery, and a Health
Assessment Questionnaire (HAQ), besides the ACR criteria. RF titers were
determined in all patients and controls.
DNA isolation. Genomic DNA was isolated from anticoagulated peripher-
al blood using the salting-out method22.
Typing for IL4 and IL4RA polymorphism. A restriction fragment length
polymorphism-polymerase chain reaction was used to identify the poly-
morphisms of IL4 –590(C/T), IL4RA +148(A/G), IL4RA +1124(A/C), and
IL4RA +1218(T/C)11,23-26. The polymorphism of IL4RA +1902 was deter-
mined by PCR-sequence-specific primers27. IL4 VNTR polymorphisms
were identified by direct amplification11. Primers, polymerase chain reac-
tions, and restriction enzyme conditions required to determine polymor-
phisms are shown in Table 1.
Rheumatoid factor (RF) determination. RF was measured from a serum
sample by latex agglutination (Humantex RF, Germany). Titers ≥ 20 IU/ml
were considered positive.
Severity of disease. A history of major joint replacement surgery, usually
knee or hip, was taken as a criterion of severity.
Statistical analysis. Allelic frequencies were calculated in the RA and con-
trol groups by direct count. Hardy-Weinberg equilibrium (HWE) for popu-
lation allelic frequencies of the different loci was determined. Linkage dis-
equilibrium analysis was performed to establish linkage among the IL4RA
polymorphisms. The Arlequin software package v. 2000 was utilized for
HWE and linkage disequilibrium analysis28. Chi-square test was used for
comparisons of allelic frequencies between patients and controls. Fisher’s
exact test was used when values in the 2×2 tables were < 5. The associa-
tion of allelic polymorphisms with age of onset (early onset, before 45 yrs;
late onset, after 45 yrs), RF positivity, RF titer (low titers, ≥ 20 IU/ml to 
< 192 IU/ml; high titers, ≥ 192 IU/ml), and joint replacement surgery was
also determined by chi-square test and Fisher’s exact test as appropriate.
The 95% confidence intervals for OR were determined; p values < 0.05
were considered statistically significant29. The software used was Statcalc
EpiInfo 6 (Centers for Disease Control and Prevention, Atlanta, GA, USA).
For the haplotype analysis, pairwise linkage disequilibrium measures were
investigated and haplotypes constructed by the expectation-maximization
algorithm implemented in Unphased software30.

RESULTS
Clinical features. Patients’ clinical characteristics are shown
in Table 2. There was no significant difference between the
age of the control group (50.3 ± 12.5 yrs) and that of
patients (51 ± 12.8 yrs).
Association between IL4 and IL4RA alleles and RA. The
distributions of allelic frequencies in patients and controls
are shown in Table 3 and were found to be in Hardy-
Weinberg equilibrium. Fst variation coefficient showed low
structure of the population (Fst = 0.06047, range
0.005–0.15, moderate structure), which indicates the popu-
lation from both groups was homogeneous. There was link-
age disequilibrium (LD) between IL4RA +1124, +1218, and
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+1902 polymorphisms (D’ = 0.98 and 0.95). The polymor-
phisms IL4RA +148, +1124, and +1218 showed moderate
LD, with D’ values of 0.4, and low LD with +1902 (D’ =
0.1).

IL4 –590TT genotype was significantly associated with
the development of RA (p = 0.018, OR 3.34, 95% CI
1.08–11.04), as well as the IL4 –590T allele (95% CI
1.01–2.41, p = 0.03). No associations were observed
between the IL4 VNTR and the several IL4RA single-
nucleotide polymorphisms analyzed with RA compared
with the control group (Table 3). For the IL4 –590T allele,
the frequency was also increased in RA patients with early
onset (41.3%) compared with late onset disease (31.8%),
but the difference was not statistically significant (data not
shown).

The frequency of allele IL4RA +148A was significantly
higher in RF-positive RA patients (p = 0.0019, OR 2.55,

Table 2. Clinical characteristics of patients with rheumatoid arthritis.

Characteristic Values

No. 102
Sex ratio, FM (%) 86/16 (84.3/15.7)
Relation, F/M 5.4/1
Age, mean + SD yrs 51.05 ± 12.8
Age at onset, mean ± SD yrs 39.2 ± 13.8
Duration of disease, mean ± SD yrs 12.2 ± 9.9
HAQ, mean ± SD 0.71 ± 0.5
History of joint replacement surgery, n (%) 26 (25.5)
Rheumatoid factor, n (%)

< 20 IU/ml (RF–) (%) 36 (35.3)
≥ 20 IU/ml (RF+) (%) 66 (64.7)

≥ 20 IU/ml < 192 IU/ml (%) 30 (45.5)
≥ 192 IU/ml (%) 36 (54.5)

Mean RF+, IU/ml (range) 304.3 (20–3072)

HAQ: Health  Assessment Questionnaire; IU: International Units.

Table 1. Primers, polymerase chain reactions, and restriction enzyme conditions required to determine polymorphisms.
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95% CI 1.55–4.86; Table 4), while the IL4RA +1902G allele
showed significant association with high RF titers (p =
0.00067, OR 4, 95% CI 1.64–9.93; Table 4). The IL4RA
+148A allele was also found in significantly higher frequen-
cy in RA patients who underwent articular joint replacement
(p = 0.024, OR 2.08, 95% CI 1.04–4.18; Table 4).

The analysis of haplotypes of IL4 and IL4RA polymor-
phism with RA susceptibility and/or severity did not give
valid information due to the limited sample size and the low
number of samples in each subgroup.

DISCUSSION
Despite better knowledge of the pathogenic mechanisms
and immunogenetics of RA, given the complexity of cells,
cytokines, chemokines, and adhesion molecules, we still do
not have a clear picture of all the genetic mechanisms
involved. As a polygenic disease, many different genes
could be interacting and influencing susceptibility, chronic-
ity, immune response or severity.

It is recognized that the pathways of tissue damage and
repair in RA are highly complex31. Recent information sug-
gests the Th1/Th2 dichotomy to explain RA as a process
driven by Th1 CD4+ cells is an oversimplification. IL-4 is
best known for its role in promoting Th2 differentiation and
limiting T–1 responses32, but it can also direct Th1 respons-
es33-35. The site and timing of IL-4 expression in an immune
response may determine its ultimate effects on CD4+ T
cells36. Epidemiological studies have shown that occur-
rences of Th1 and Th2-driven diseases are not mutually
exclusive; on the contrary, they might have common risk
factors and pathogenesis37,38.

We observed a significantly higher frequency of the IL4
–590TT genotype in RA patients compared with controls,
and a lesser association with the IL4 –590 allele. This could
imply that the effect of the gene is dose-dependent. Other
groups have also suggested association of this allele with
RA and palindromic rheumatism, and with greater disease
activity39,40. Additionally, there has been reported to be a

Table 3. Comparison of genotypic and allelic frequencies between RA patients and healthy controls.

SNP Genotypes/Alleles Controls, RA Patients,
n = 102 (%) n = 102 (%)

IL4–590 CC 49 (48.0) 39 (38.2)
Genotypes CT 48 (47.1) 48 (47.1)

TT 5 (4.9) 15 (14.7)*
Alleles C 146 (71.5) 126 (61.7)

T 58 (28.9) 78 (38.2)**
IL4 VNTR RP1RP1 5 (4.9) 12 (11.8)

Genotypes RP2RP2 48 (47.1) 41 (40.2)
RP1RP2 49 (48.0) 48 (47.0)
RP2RP3 0 1 (1.0)

Alleles RP1 59 (28.9) 72 (35.3)
RP2 145 (71.1) 131 (64.2)
RP3 0 1 (0.5)

IL4RA +148 AA 28 (27.5) 20 (19.6)
Genotypes AG 52 (51.0) 60 (58.8)

GG 22 (21.5) 22 (21.6)
Alleles A 108 (52.9) 100 (49)

G 96 (47.1) 104 (51)
IL4RA +1124

Genotypes AA 65 (63.7) 72 (70.6)
AC 31 (30.4) 26 (25.5)
CC 6 (5.9) 4 (3.9)

Alleles A 161 (78.9) 170 (83.3)
C 43 (21.1) 34 (16.7)

IL4RA +1218 TT 69 (67.6) 78 (76.5)
Genotypes CT 28 (27.5) 21 (20.6)

CC 5 (4.9) 3 (2.9)
Alleles T 166 (81.4) 177 (86.6)

C 38 (18.6) 27 (13.2)
IL4RA +1902 AA 41 (40.2) 50 (49.0)

Genotypes AG 52 (51.0) 45 (44.1)
GG 9 (8.8) 7 (6.9)

Alleles A 134 (65.7) 145 (71.1)
G 70 (34.3) 59 (28.9)

* For genotype IL4 -590 vs CC + CT, p = 0.018, OR 3.34, 95% CI 1.08–11.04. ** For allele IL4 -590 T vs C, p
= 0.035, OR 1.56, 95% CI 1.01–2.41. VNTR: variable number tandem repeat.
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higher frequency of IL4 –590T allele when it is associated
simultaneously with the allele IL4 VNTR RP1, a finding
that we could not reproduce11. In our population, this allele
was also found more frequently in patients with early onset
RA, but this difference did not achieve significance. Of
note, the IL4 –590T allele has been correlated with
enhanced IL-4 activity in vitro, with elevated serum IgE in
vivo, and with allergic diseases41,42 and subacute sclerosing
panencephalitis43.

Information derived from in vitro studies, animal
models, and patients with RA suggests a role of IL-4 in the
pathogenesis of RA. IL-4 protects synoviocytes against
apoptosis induced by nitric oxide44 that could be important
in the development of the fibroblast hypertrophy seen in RA
pannus45, and contributes to the differentiation of local den-
dritic cells from blood monocytes46; and the addition of IL-
4 to synovial fibroblasts dramatically modulates their gene
expression, making them similar to fibroblasts in secondary
lymphoid tissue47. This information suggests that IL-4
could participate in the development of changes in the syn-
ovial microenvironment that lead to the formation of terti-
ary lymph nodes so prominent in RA pannus. In some
murine models of arthritis the increase of Th2 immune
responses and production of IL-4 was related to the devel-
opment of the arthritis48-50. In the K/BxN mouse model of
arthritis, the articular damage is mediated by antibodies
against glucose-6-phosphate isomerase, a glycolytic
enzyme expresed by all cells51. In this model the develop-
ment of arthritis is critically dependent on the presence of
IL-4 in the early phases of the disease52.

Several human studies have shown that cytokines pro-
duced in the early phases of RA are different than those in
established disease. Gerli, et al found that IL-4 and IL-10
were the main cytokines produced at the beginning phase,
whereas IFN-γ and IL-2 were produced in long-lasting
RA18. Aarvak, et al showed an initial Th2 dominance pat-
tern in the synovium, with high production of IL-4 and IL-
10. The Th2 profile was not permanent and changed to a
Th0 and thereafter a Th1 profile in subsequent biopsies53.
Recent work by Raza, et al also supports the potential role
of IL-4 during the early phases of RA. A transitory cytokine
profile with high IL-4 and other cytokines suggestive of a
Th2 pattern was found in synovial fluid from patients with
early RA, clearly different from that in patients who later
developed short-term or nonrheumatoid persistent synovi-
tis, and also different from patients with well established
RA, osteoarthritis, or gout19.

IgM RF is present in 60–80% of patients with RA and the
titer correlates with disease severity and extraarticular man-
ifestations54. Patients with high RF titers have articular
damage more persistent and severe than those with low
titers or negative RF55. Numerous patients who eventually
develop RA have positive RF and other serological abnor-
malities many years before development of RA symp-
toms56. We found an association of allele IL4RA +148A
(Ile50 variant) with the presence of RF in RA patients and
with a history of articular joint replacement. Additionally,
allele IL4RA +1902G (551R variant) was associated with
high RF titers in patients with RA. The IL-4R α-chain is
responsible for IL-4 binding, transduction of the signal into

Table 4. Comparison of allelic frequencies in RF, RF titers, and history of joint replacement surgery among RA patients.

RA Patients
Alleles RF-negative, RF-positive, RF (+) Low RF (+) High No Replacement Joint With Replacement Joint

n = 36 (%) n = 66 (%) Titer, n = 30 (%) Titer, n = 36 (%) Surgery, n = 76 (%) Surgery, n = 26 (%)

IL4 –590
C 47 (65.3) 79 (59.8) 35 (58.3) 44 (61.1) 91 (59.2) 35 (67.3)
T 25 (34.7) 53 (40.2) 25 (41.7) 28 (38.9) 61 (40.8) 17 (32.7)

IL4 VNTR
RP1 23 (31.9) 49 (37.1) 23 (38.3) 26 (36.1) 57 (37.5) 15 (28.8)
RP2 49 (68.1) 82 (62.1) 37 (61.7) 45 (62.5) 94 (61.3) 37 (71.2)
RP3 0 1 (0.8) 0 1 (1.4) 1 (0.7) 0

IL4RA 148
A 24 (36.1) 74 (56.1)* 34 (56.7) 40 (55.5) 66 (44.7) 32 (61.5)**
G 48 (63.9) 58 (43.9) 26 (43.3) 32 (44.4) 86 (55.3) 20 (38.5)

IL4RA 1124
A 61 (84.7) 109 (82.6) 54 (90) 55 (76.4) 125 (82.2) 45 (86.5)
C 11 (15.3) 23 (17.4) 6 (10) 17 (23.6) 27 (17.8) 7 (13.5)

IL4RA 1218
T 63 (87.3) 114 (86.4) 63 (87.5) 59 (81.9) 131 (86.2) 46 (88.5)
C 9 (12.5) 18 (13.6) 9 (12.5) 13 (18.1) 21 (13.8) 6 (11.5)

IL4RA 1902
A 54 (76.4) 90 (68.2) 50 (83.3) 40 (55.6) 107 (71) 37 (71.2)
G 18 (23.6) 42 (31.8) 10 (16.7) 32 (44.4)† 45 (28.9) 15 (28.8)

RF (+) low titer: ≥ 20 IU/ml to < 192 IU/ml; RF (+) high titer: ≥ 192 IU/ml. * For allele IL4RA 148 A vs G, p = 0.0019, OR 2.55, 95% CI 1.55–4.86. 
** For allele IL4RA 148 A vs G, p = 0.024, OR 2.08, 95% CI 1.04–4.18. † For allele IL4RA 1902 G vs A, p = 0.00067, OR 4, 95% CI 1.64–9.93.
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the cell, and cellular response. Its locus is characterized by
a large number of polymorphic sites, most located in the
intracellular domain12. It is interesting that the Ile50 variant
of the extracellular domain significantly upregulates the
receptor response to IL-4, with resultant increased activa-
tion of STAT6, increased cell proliferation, and greater IgE
production13,57. The intracellular IL4RA +1902G allele
(551R variant) is also associated with enhanced signaling of
the IL-4 receptor58. Considering the limited sample size of
our study, our results need to be replicated in other popula-
tions.

Evidence is accumulating that IL-4 has a complex func-
tion in the development of innate and adaptive immunity
and might play an important role in the preclinical or early
phases of RA. Our results, showing the associations of IL4
–590TT genotype with RA, IL4RA +148A allele with the
presence of RF and higher frequency of joint replacement
surgery, and IL4RA +1902G allele with high RF titers, illus-
trate the polygenic expression of the disease and the likely
role of IL-4 in influencing its initiation and development.
Also, the data suggest caution on the planned use of recom-
binant IL-4 in the treatment of RA.
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