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Abstract We investigate the clinical association of
tumor necrosis factor receptor 2 (TNFR2) M196R
polymorphism with rheumatoid arthritis (RA) and
knee osteoarthritis (OA). Acute phase reactants, lipid
proWle, sTNFR2 levels, disease activity–disability
indexes, and TNFR2 M196R polymorphism were ana-
lyzed in 50 RA, 50 knee OA patients, and 120 healthy
subjects (HS). The M/M genotype frequency was 0.74

(RA), 0.80 (OA), and 0.64 (HS). The M/R genotype
frequency was RA (0.26), OA (0.20), and HS (0.29).
The R/R genotype was observed only in HS (0.07). The
M allele was associated with OA (P = 0.0137,
OR = 2.43). Total cholesterol, triglyceride levels, apoli-
poprotein A-I and B showed signiWcant diVerences
(P < 0.05). The highest sTNFR2 levels were observed
in RA and OA (P = 0.001), however M/M and M/R
carriers do not correlate with sTNFR2 production. Our
Wndings suggest an association of the M allele with
knee OA. In addition, high sTNFR2 levels in RA and
OA were found.

Keywords Tumor necrosis factor receptor 2 · 
Polymorphism · Rheumatoid arthritis · Osteoarthritis

Introduction

Rheumatoid arthritis (RA) is a systemic inXammatory
disease with striking individual, social, and economic
impact. The RA inXammatory process involves cellular
and molecular mechanisms characterized by progres-
sive joint damage mediated by interleukin-1 (IL-1) and
tumor necrosis factor alpha (TNF�) that stimulate the
expression of adhesion molecules on endothelial cells
and recruitment of monocytes and neutrophils into the
joint space. TNF� by itself is a potent inducer of metal-
loproteinase (MMPs) production by synoviocytes
therefore participates actively in joint damage process
[1, 2].

Osteoarthritis (OA) is the most common form of
arthritis, and the social impact includes cost-eVective
medical care and work disability. The OA pathophysiol-
ogy involves proteinases (MMPs, aggrecanases,
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cathepsins, and elastases) and inXammatory factors
induced by IL-1 and TNF� [3, 4]. In both diseases, TNF�
plays a pivotal role and its eVects are regulated by two
receptors: the 55 kDa TNF receptor 1 (TNFR1, CD120a,
TNFRSF1a) and the 75 kDa TNF receptor 2 (TNFR2,
CD120b, TNFRSF1b) [5]. The TNFR2 gene is located on
the chromosome 1p36.2 which is composed by ten exons
and nine introns. On exon 6, position 196, a single nucle-
otide polymorphism (T/G) resulting in an amino acid
modiWcation in the fourth extracellular cysteine rich
domain (CDR4) from methionine (M) to arginine (R)
has been reported. The functional importance of this
amino acid substitution has been postulated that could
aVect in three processes: (1) exon 6 encodes for proteo-
lytic cleavage site of TNFR2 resulting in the generation
of soluble form, (2) the optimal TNF binding is aVected,
and (3) the TNFR2 polymorphism aVects TNF� induced
apoptosis and impaired NF�B signaling [6, 7].

An association of TNFR2 M196R polymorphism
with the pathogenesis of systemic lupus erythematosus
(SLE) in Japanese patients but not in Spanish and UK
population has been reported [8, 9]. High levels of
sTNFR2 have been found in serum of patients with
SLE, RA, osteosarcoma, and coronary artery disease
[10–13]. Based on this knowledge, we investigated the
association of the TNFR2 M196R polymorphism with
sTNFR2 levels in RA and OA patients.

Materials and methods

Patients and healthy subjects

Fifty RA and 50 OA patients were enrolled from the
Hospital Civil “Fray Antonio Alcalde”, Rheumatology
Service, from December 2001 to April 2003. All
patients fulWlled the 1987 and 1986 classiWcation crite-
ria for RA and knee OA, respectively, according to
American College of Rheumatology. Spanish HAQ-
DI, Spanish-AIMS and DAS28 activity and disability
indexes were applied to RA patients at the beginning
of the study [14–16]. WOMAC and Lequesne disability
indexes were applied to OA patients [17, 18]. As a con-
trol group, 120 healthy subjects (HS) who had the same
ethnic and geographical background, residents from
Guadalajara were included. All HS participants were
selected according to their age and gender.

Ethical consideration

Informed written consent was obtained from all sub-
jects before enrollment to the study according to the
ethical guidelines of 2000 Declaration of Helsinki.

Laboratory assessment

Erythrocyte sedimentation rate (ESR), white blood
cell count (WBC), red blood cell count (RBC), plate-
let count (PLT) (CELL-DYN 3700, Abbott Diagnos-
tics), C-reactive protein (CRP), and rheumatoid
factor (RF) were determined in all the participants.
Serum total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-c), low-
density lipoprotein cholesterol (LDL-c), very low-
density lipoprotein cholesterol (VLDL-c) were
assayed according to SYNCHRON CLINICAL SYS-
TEM LX20 of FALCON methods. Apolipoprotein
A-I (apoA-I) and apolipoprotein B (apoB) levels
were measured according to manufacturer assay
(IMMAGETM Immunochemistry, Beckman Coulter
System 4700).

Genotype analysis of TNFR2 M196R polymorphism

Genomic DNA was extracted from leukocytes
obtained from whole blood samples, according to the
Miller method [19]. AmpliWcation was done by PCR in
a Thermal Cycler (Techne, TC-312) using the follow-
ing primers, 5� ACT CTC CTA TCC TGC CTG CT 3�

(forward) and 5� TTC TGG AGT TGG CTG CGT
GT 3� (reverse). The PCR was carried out in a Wnal
volume of 50 �l containing 1 �g of gDNA, 3 �M of
each primer, 1.25 U/�l Taq DNA polymerase (Invi-
trogen™ life technologies), 5 �l of supplied 10£
buVer enzyme, 1 mM MgCl2, and 0.1 mM of each
dNTP (Invitrogen™ life technologies). The PCR was
performed by initial denaturation at 94°C for 3 min,
followed by 35 ampliWcation cycles at 94°C during
30 s for denaturation, 57°C during 30 s for annealing
and 72°C during 30 s for extension, and Wnally, 72°C
during 1 min for ending extension. The PCR product
resulted in a 242-bp ampliWed fragment analyzed on a
2% agarose (Invitrogen™ life technologies) gel
stained with ethidium bromide. The ampliWed frag-
ment was incubated with 3 U of NlaIII restriction
enzyme (New England BioLabs) for 2 h in a heat bath
at 37°C. Restriction fragments were analyzed on a 4%
agarose gel (Invitrogen™ life technologies) stained
with ethidium bromide.

Genotype analysis

The wild genotype (M/M) corresponds to 133 and
109 bp fragments; heterozygote genotype (M/R) is rep-
resented by 242, 133, and 109 bp fragments; and homo-
zygote genotype (R/R) corresponds to 242 bp
fragment. Each genotype was sequenced using an
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ABIPRISM 310 Sequencer (Applied Biosystems) in
order to conWrm the results.

sTNFR2 assay

sTNFR2 production was measured using serum sam-
ples from RA, OA patients and HS by ELISA (R&D
Systems, Minneapolis, MN, USA). The sensitivity of
the assay was 0.6 pg/ml. sTNFR2 levels were calculated
from a standard curve using the corresponding recom-
binant human TNFR2.

Statistical analysis

Genetic and allelic frequency diVerences between
groups were tested using Chi-square test (�2), odds
ratio (OR) with 95% conWdence interval (95% CI). A
student t test was used for two group means compari-
son. Mann–Whitney U test was used for nonparametric
distribution data. DiVerences in sTNFR2 levels and
other biological assessments were evaluated by Pear-
son’s correlation (rho). In order to test the relationship
between sTNFR2 levels and Spanish HAQ-DI, Span-
ish-AIMS, DAS28, WOMAC and Lequesne indexes,
Spearman’s correlation (rs) was performed. Probability
values less than 0.05 were considered signiWcant. Anal-
ysis was performed using SPSS 10.0 software.

Results

TNFR2 M196R polymorphism

Fifty RA, 50 knee OA patients, and 120 HS were geno-
typed for TNFR2 M196R polymorphism. Our popula-
tion was in Hardy–Weinberg equilibrium. The M/M
genotype was the most frequent in patients and HS
(0.74, 0.80, 0.64; RA, OA, and HS, respectively). No
diVerence between RA, OA, and HS was found in
genotype frequency, moreover M allele was more fre-
quent in OA group (P = 0.0137, OR = 2.43,
95%CI = 1.13–5.36) (Table 1).

Baseline characteristics of patients

The baseline characteristics of the patients are shown
in Table 2. The RA patients had 9 years diagnosed as
RA and follow-up most of them with NSAIDs and
DMARDs; these patients were active as indicated by
DAS28 score (6.23 score). The OA group had 5 years
diagnosed with evident clinical progression and 44 of
them had used NSAIDs; Lequesne index demonstrates
a marked muscle-skeletal disability (11.91 score). The
RA and OA patients were divided into genotype group
M/M (n = 37, RA; n = 40, OA) and genotype group M/
R (n = 13, RA; n = 10, OA). In this case, all baseline
characteristics were similar between M/M or M/R car-
riers (Table 2).

Biologic assessment

The RA patients demonstrate higher levels of RF,
ESR, and CRP; lipid proWle shows lower levels in RA
with respect to OA and HS (Table 3). Despite that, no
diVerences between M/M or M/R genotype carriers
within RA or OA group were found.

TNFR2 quantiWcation

Serum levels of sTNFR2 were measured in samples of
RA and OA patients, and HS. Elevated sTNFR2 levels
were found in RA patients (P = 0.0001 vs. OA and
HS). Likewise, OA patients presented higher levels of
sTNFR2 than in HS (P = 0.023) (Fig. 1a). Nevertheless,
subjects who were M/M and M/R carriers do not dem-
onstrate signiWcant diVerences in sTNFR2 levels
(Fig. 1b).

Discussion

The TNFR2 M196R polymorphism has been associ-
ated with autoimmune disorders, including SLE in Jap-
anese but not in Spanish or UK populations [8, 9, 20].
This study provides evidence of lack of association of

Table 1 Genotype and allele
frequency of TNFR2 M196R
polymorphism in RA, OA,
and HS

RA (n = 50) OA (n = 50) HS (n = 120) P value

Genotype frequency
M/M 0.74 (37) 0.80 (40) 0.64 (77) NS
M/R 0.26 (13) 0.20 (10) 0.29 (35)
R/R 0 (0) 0 (0) 0.07 (8)

Allele frequency
M 0.87 (87) 0.90* (90) 0.79 (189) P = 0.0137, OR

95% CI = 1.13
R 0.13 (13) 0.10 (10) 0.21 (51)

RA rheumatoid arthritis, OA
osteoarthritis, HS healthy
subjects

*P = 0.0137 OA versus HS
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the TNFR2 M196R polymorphism in Mexican RA
patients. However, Barton et al. [21] reported a strong
association of the R allele and the R/R genotype of

TNFR2 polymorphism with family RA in UK patients.
On the other hand, Bridges et al. [22] suggest no asso-
ciation of this polymorphism in African Americans
with a family history of RA. In addition, van der Helm-
van Mil et al. [23] suggested no association of the
TNFR2 polymorphism with disease severity in Dutch
RA patients even though they compared extreme phe-
notypes: patients with complete remission and patients
with severe progression. The divergence of results of
this study and the results previously reported in RA
patients demonstrate the inter-population genetic vari-
ability.

It is important to point out that in our study this
polymorphism is associated with knee OA. There are
no previous reports that indicate this Wnding. In OA,
there is a disturbance in the regulation of synthetic and
resorptive activities, in addition pro-inXammatory
cytokines like TNF� aVects the activities of chondro-
cytes inhibiting synthesis of proteoglycans and type II
collagen, leading to progressive degradation of the car-
tilage matrix and loss of joint function [24]. TNF� per-
forms its eVects by TNFR1 and TNFR2. The M196R
polymorphism in receptor 2 could have an eVect on
TNF� role in dysregulation of chondrocyte function in
OA by increases in TNFR2 levels, aVecting TNF�
binding, and aVecting TNF� induced apoptosis and
impaired NF�B signaling. Besides that, RA and OA
patients, M/M and M/R genotype carriers do not
shown diVerences in the clinical manifestations of the
disease.

Elevated levels of acute phase reactants and RF in
RA patients with respect to the OA group support the
disease clinical status. In this study, diVerences in TC,
TG, LDL-c, apoA-I, and apoB concentrations in RA

Table 3 Acute phase reactants and lipid proWle in RA, OA, and HS

Values represent the mean, minimum, and maximum scores

RF rheumatoid factor, ESR erythrocyte sedimentation rate, CRP C reactive protein, WBC white blood cells, RBC red blood cells, PLT
platelets, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein choles-
terol, VLDL-C very low-density lipoprotein cholesterol, apoA-I apolipoprotein A-I, apoB apolipoprotein B

*P < 0.05 versus OA, #P < 0.05 versus HS, 9P < 0.05 versus HS

RA OA HS

RF (IU/ml) 654.41*# (20–4280) 24.26 (20–194) 20.10 (20–23)
ESR (mm/h) 41.34*# (15–65) 25.799 (7–45) 20.00 (2–50)
Serum CRP level (mg/dl) 3.02*# (0.22–18.90) 0.62 (0.10–4.01) 0.33 (0.10–1.44)
WBC (�/�l) 7.42 (2.23–14.90) 5.81 (3.32–10.90) 6.27 (3.89–11.90)
RBC (M/�l) 4.57 (3.64–5.70) 4.75 (4.21–5.62) 4.99 (3.98–7.81)
PLT (�/�l) 343.26 (192–638) 254.84 (137–480) 257.78 (14.30–459)
TC (mg/dl) 175.50*# (107–364) 204.56 (127–325) 199.63 (126–366)
TG (mg/dl) 110.04* (39–229) 155.18 (57–426) 137.41 (24–461)
HDL-C (mg/dl) 40.69 (16–78) 43.66 (22–86) 45.76 (21–91)
LDL-C (mg/dl) 112.11* (53.80–274.80) 131.07 (69.20–208.80) 126.74 (78–257)
VLDL-C (mg/dl) 22 (7.80–45.80) 37.90 (11.40–333) 32.18 (4.80–531)
apoA-I (mg/dl) 158.65# (50.60–363) 171.589 (83–440) 139.83 (39.20–237)
apoB (mg/dl) 106.06* (40.30–281) 134.449 (63.20–360) 98.97 (40.40–177)

Fig. 1 sTNFR2 levels in RA, OA patients, and HS. RA rheuma-
toid arthritis, OA osteoarthritis, HS healthy subjects, M/M
methionine–methionine genotype, M/R methionine–arginine
genotype, R/R arginine–arginine genotype. a sTNFR2 serum lev-
els in RA, OA patients, and HS. b sTNFR2 levels in RA, OA pa-
tients, and HS M/M, M/R, and R/R genotype carriers
123
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patients were found. Changes in lipid proWle and acute
phase reactants have been associated with early ath-
erosclerosis in RA patients [25], although atherosclero-
sis and acute myocardial infarction are reported as the
most common cause of death in these patients [26].
Reduced apoB levels in RA and SLE patients treated
with chloroquine have been reported [27]. OA patients
only showed diVerence in apoA-I and apoB levels with
respect to HS. These Wndings are supported by the fact
that, in another study, apoA-I was noted to be protec-
tive for myocardial infarction and apoB was a stronger
predictor of risk than LDL-c in women and men [28].
Conversely, increased sTNFR2 levels were found in
RA and OA patients. This Wnding correlates with pre-
vious data reported by other authors who described
elevated sTNFR2 levels in RA patients [10, 29].

In conclusion, the M allele is associated with knee
OA. We suggest a lack of association of TNFR2
M196R in Mexican RA patients. Moreover, sTNFR2
levels are elevated in RA and OA patients but no
diVerences are observed between M/M and M/R geno-
type carriers.
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