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Susceptibility to rheumatoid arthritis (RA) is determined by
both environmental and genetic factors1,2. It is now well
established that certain HLA-DRB1 alleles play a major role
in disease susceptibility/severity and that this locus may
account for roughly a third of the total genetic contribution3.
The search for non-HLA susceptibility genes responsible for
the remaining genetic contribution is under way. One
approach has been to conduct linkage analysis studies in
affected sibling pair (ASP) families using either highly
informative microsatellite markers spaced at regular inter-
vals across the whole genome or markers mapping close to
selected candidate genes. The main advantage of whole
genome screens is that all the genome is covered in a single
study. However, as current whole genome screens use
markers spaced at 10–15 cM intervals they are of limited
power to detect weak genetic effects. If markers are selected
at known candidate gene loci, there is an increase in power
to detect linkage for that particular locus. Both approaches
have been followed, and a number of potential susceptibility

loci identified4-8. However, to date, no new susceptibility
gene has been confirmed in independent studies.

Both clinical and immunopathological features of RA
suggest a number of potential candidate genes. Many
cytokines [e.g., tumor necrosis factor alpha (TNF-α), inter-
leukin 10 (IL-10)] are upregulated in the synovial fluid of
rheumatoid joints compared to controls. Once an inflamma-
tory reaction is under way it is difficult to determine whether
altered levels of cytokine production in disease are “cause”
or “effect.” If linkage or association between RA and poly-
morphisms of a candidate gene can be confirmed, this will
provide some evidence for a role in etiology. A number of
the genes under investigation have also been implicated in
RA susceptibility through association studies. A polymor-
phism in the IL4 gene has been associated with RA9, and
IL10 promoter polymorphisms in RA have been investi-
gated10-12. Polymorphisms in glutathione s-transferase mu
(GSTM) gene cluster have been investigated in RA. One
study revealed weak evidence of an association with
GSTM1 genotypes and RA13, and another recent publication
associated the same polymorphism with a poor response to
D-penicillamine in patients with RA14. GST genes have
been suggested as candidate genes in RA due to the impor-
tant role they play in detoxification of free radicals produced
during the inflammatory process.

We have assembled a panel of microsatellite markers that
provide an opportunity to examine whether linkage exists
between candidate genes and RA. Here we report on linkage
analysis of 11 microsatellite markers, which map close to
candidate genes, in 185 ASP families. Markers that revealed
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some nominal evidence for linkage were analyzed in a
further 99 ASP families.

MATERIALS AND METHODS
Family material. DNA was available from RA families collected for the
ARC National Repository for family material. Pedigrees for the first 100
families have been published15 and are accessible on the ARC
Epidemiology Unit Website (http://130.88.95.76/natrep.html) together with
pedigrees for a further 193 families. All family members were examined
according to a standard protocol and underwent a detailed and structured
interview regarding joint symptoms. A trained metrologist performed a
joint examination to detect swelling, tenderness, and deformity.
Information was also obtained from clinical records, and rheumatoid factor
(RF) status ascertained using a latex test. Subjects were classified as having
RA if they satisfied the 1987 American College of Rheumatology criteria
modified for genetic studies16. In total there were 332 ASP. In this analysis
2 data sets were used. The first included 225 ASP from 185 families; a
second collection was also available of 107 ASP from a further 99 families.
DNA from both parents was available for 44 families and from one parent
in a further 22 families. Unaffected siblings were also genotyped to infer
missing parental genotypes.

Candidate gene markers. A set of 11 markers with reported heterozygosity
ranging from 0.57 to 0.90, which mapped within or less than 3 cM from
candidate genes, was compiled from published data and data held on the
genome database (Table 1). Candidate genes included the cytokine cluster
on 5q 23–31 that includes IL3, IL4, IL5, IL13, granulocyte colony stimu-
lating factor, interferon regulatory factor (IRF) and IL9, the chemokine
cluster on 17q11.2 that contains RANTES, colony stimulating factor and
monocyte chemotactic protein-1, together with other candidate genes intra-
cellular adhesion molecule-1, beta tyrosine kinase, c-MYC, IL-10 and IL-
1 receptor alpha, and the GSTM cluster.

The dinucleotide repeat in the GSTM4 gene has not been previously
published. It was identified from the complete gene sequence for the
GSTM4 gene (accession number M96233). The repeat starts at nucleotide
903 of this sequence and is in the first intron of the gene sequence. The
primer sequences used were: forward: 5’ TAGGGCTATCTCT-
CACAGGAG and reverse 5’ CCTAGTCTACACTGCACTGCA.

Microsatellite genotyping. Semiautomated analysis of microsatellite geno-
types was performed using a PE Applied Biosystems 377 DNA sequencer
with Genescan analysis™ and Genotyper™ software (PE Applied
Biosystems, Foster City, CA, USA). Forward polymerase chain reaction
(PCR) primers were fluorescently labelled with either 6-FAM, HEX, or
TET attached to the 5’ end of the primer during synthesis. Primer sequences
and PCR conditions are available from the Genome Database
(http://www.gdb.org/). Some of the published primer sequences were
redesigned to produce products of different sizes that could be incorporated
into the panel. PCR were performed in a total reaction volume of 10 µl,

containing 50 ng of DNA, 10 pmol of each PCR primer, 4 nmol of each of
the 4 deoxynucleotide triphosphates, 0.2 units Taq polymerase in 1–3 mM
MgCl2 buffer. The mixture was overlaid with a drop of liquid paraffin. The
PCR were performed in 96 well microtiter plates on Hybaid Omnigene
thermal cyclers with 30 cycles of denaturation (1 min, 95°C), primer
annealing (1 min, 50 –55°C), and extension (45 s at 72°C). Reactions for
each marker were performed separately. PCR products were combined into
a single pool prior to electrophoresis, such that all 10 PCR products for an
individual could be loaded onto a single lane of a gel. Electrophoresis was
performed on 0.2 mm 4% polyacrylamide gels run for 2 h at 3000 V with
a running temperature of 51°C. Allele sizes were expressed as mobility
units (roughly equivalent to base pairs) measured by Genescan™ 1.2
analysis software, using Tamra 350 size standards (PE Applied
Biosystems). PCR products from 2 DNA reference samples were included
on every gel as a control to monitor any gel to gel variation.

Data analysis. Genotype data were initially analyzed using Genetic
Analysis Software (A. Young, Oxford University, unpublished) to check for
genotyping inconsistencies and inheritance problems. Sib-pair analysis
methods were then used to test for excess allele sharing between sibs at
each of the loci. Sharing at each locus was quantified by the number of
alleles shared identical by descent (IBD), i.e., of the same ancestral origin.
Under the null hypothesis of no linkage, IBD sharing of 2, 1, or zero alleles
is expected to be in the proportion 1:2:1, an increase in the proportion
sharing 2 alleles indicating linkage. As RA has a relatively late age of
disease onset, parental data are often missing, making it difficult to assign
IBD sharing directly. The likelihood-ratio method was therefore used to
estimate allele sharing probabilities in affected siblings and to test for
linkage17-19. This method can be used in the presence of missing parental
data and uncertain IBD assignment. The maximum likelihood analysis was
carried out in SPLINK version 1.05 (D. Clayton, MRC Biostatistics Unit,
Cambridge, UK). In this analysis the data from multiple affected sibships
were given the conservative weighting of 2/n, where n is the number of
affected sibs.

Transmission disequilibrium test. The transmission disequilibrium test
(TDT)20 is a test of linkage in the presence of an association. Parents
heterozygous for a marker are used to test for deviation from random 50:50
transmission to affected offspring for one or more alleles of a candidate
marker. A logistic regression modeling approach was used, with one vari-
able for each allele describing its preferential transmission to affected
offspring, as implemented in the extended transmission disequilibrium test
(ETDT)21. This analysis was restricted to markers where there was some
evidence of excess allele sharing in the ASP. All genotyped affected
offspring with at least one genotyped parent were included in the analysis.

RESULTS
Sibling pair linkage analysis. Initially, 11 markers were
genotyped in 185 ASP families. A single marker, GSTM4,

Table 1. Panel of candidate genes and microsatellite markers.

Gene Locus Marker Distance from Gene

BTK Xq21.33–q22 DXS178 200 kb
CSF, MCP-1, RANTES 17q11.2 D17S250,

D17S950, Up to 3 cM
THRAI

GSTM cluster 1p13.3 GSTM4 Intragenic
ICAM-1 19p13.2 D19S535 400 kb
IL1RA 2q12 IL1RA Intragenic
IL10 1q31–q32 IL10 Intragenic

IL3, IL4, IL5, 5q31.1 IRF, IL9 Within 1.5 mb
GM-CSF, IRF, IL9

CMYC 8q24 CMYC Intragenic

Table 2. MLS IBD analysis using SPLINK. LOD scores for all the markers
analyzed in 225 ASP.

Marker LOD Score p

DXS178 (BTK) 0.15 0.2
CMYC 0.54 0.08
D17S250, D17S950, THRAI 0 0.58

0 0.52
0 0.58

D19S535 (ICAM-1) 0 0.51
GSTM4 1.6 0.006
IL1RA 0 0.58
IL10 0 0.58
IRF 0.08 0.33
IL9 0.5 0.09
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was significant at p = 0.006 (Table 2). There was also an
increase in allele sharing for IL9 and cMYC, but this did not
reach statistical significance. There was no increase in allele
sharing for the other markers tested. The marker in GSTM4
was then genotyped in a further 107 ASP.

There was no increase in allele sharing for marker
GSTM4 in this second set of families. When data from both
family sets were combined, overall evidence of linkage 
to GSTM4 decreased and was not significant (p = 0.15)
(Table 3).

Transmission disequilibrium test. The ETDT was carried out
on those markers where there was some increase in allele
sharing in the 200 families. As the TDT is also more
powerful than ASP methods, markers in genes where there
was any evidence of an association with RA were also
tested. Only subjects with at least one genotyped heterozy-
gous parent were included in the analysis; the global p value
for each marker under the allele wise model and the number
of informative transmissions from the first 185 families are
shown in Table 4. There was no deviation from expected
allele transmissions for GSTM4 using the ETDT. The
microsatellite marker in interferon regulatory factor showed
deviation in transmission in the first 185 families (p = 0.05,
80 informative transmissions). When the same test was
carried out in second set of 99 families it showed no devia-
tion from random inheritance (p = 0.99); however, there
were only 22 informative transmissions. Overall, in the
combined data set (102 informative transmissions) the result
was not significant (p = 0.07). One allele of this IRF marker,
182 bp, was preferentially transmitted to affected offspring
36 times, compared to not transmitted, 18 times (p = 0.01),

although this p value has not been corrected for multiple
testing of 6 alleles.

DISCUSSION
We analyzed 11 markers that map very close to strong candi-
date genes in RA. The robust nature of allele sharing
methods makes them useful tools to test for linkage in a
complex disease. Many of the markers were intragenic and
therefore had increased power to detect a genetic effect at
these loci compared to a whole genome screen approach.
One marker, a dinucleotide repeat in intron 1 of the GSTM4
gene, revealed an increase in allele sharing in 225 ASP (p =
0.006); however, this result was not replicated in a second
cohort of 107 ASP, and there was no significant increase in
allele sharing in the combined data set. GST enzymes are
involved in cellular protection against oxidative stress and
are therefore strong candidate genes in RA. Polymorphisms
in the GSTM1 gene have been weakly associated with both
RA susceptibility and radiological progression13. It was not
possible to look at radiological progression in the sibling
pairs as insufficient information was available. Failure to
replicate the GSTM4 result was not thought to be due to
major differences between the 2 family sets, as analysis of
the ASP revealed no significant differences in sex, age at
onset, presence of erosions, or RF positivity between the 2
sets of families (data not shown).

We found no evidence of linkage to either the cytokine
cluster on 5q31.1 or to IL10. With 225 sibling pair families,
only relatively large effects are detectable with high power.
To exclude a modest effect (for example, a relative disease
risk of 2 to carriers of a putative disease allele) for any of the
loci studied, thousands of sibling pairs may be needed. A
more powerful approach is the transmission disequilibrium
test; this was carried out on all affected offspring with at
least one heterozygous parent for markers in IL10, IL4, and
IRF. There was some evidence of excess allele transmission
for the dinucleotide marker in IRF in the first set of families,
but this evidence was reduced when more families were
added. This result was of interest as IRF maps to the
cytokine cluster on 5q31.1. Although no associations with
RA have been reported, associations have been shown
between IL4 and RA9. The excess transmission of an IRF
allele does not stand up to correction for multiple testing but
it may be worthy of followup. The other markers tested by
TDT all had sufficient informative transmissions to exclude
a genetic relative risk of 2 for a common disease allele
(50%) with 80% power. A number of factors affect the like-
lihood of detecting genetic effects in complex disease, such
as clinical and genetic heterogeneity, epistatic interactions,
and gene environment interactions. It is therefore important
to see replication of results in independent studies. Some of
the previous associations to IL4 have only been observed in
subgroups of patients, for example, those with more severe

Table 3. MLS IBD analysis using SPLINK. LOD scores for 3 markers
analyzed in a second cohort of 107 ASP.

Marker IBD sharing probabilities LOD score p
0:1:2

GSTM4
107 ASP 25:50:25 0 0.5
All 332 ASP 24:47:29 0.33 0.15

Table 4. Evidence for distortion of allele transmissions for markers
showing some evidence of increased allele sharing or with previous
evidence of association. P values are exact values derived from Monte-
Carlo simulations for the allele wise model from ETDT.

Marker Number of Alleles Number of Informative p
Transmissions

GSTM4 13 73 0.9
CMYC 16 85 0.27
IL1Rα 8 73 0.46
IL-9 12 103 0.6
IL10 8 86 0.98
IRF 6 80 0.05
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disease; the numbers in this study are too small to justify
meaningful subgroup analyses.

Genes in the GSTM cluster and the cytokine cluster on
5q31.1 have both been associated with RA in previous
studies. Although the data in this report cannot be consid-
ered an independent confirmation of these loci, they are of
interest nevertheless and worthy of further investigation.
These results highlight the difficulties associated with
confirming genetic effects for low penetrance genes in a
clinically and genetically heterogeneous disease like RA.

REFERENCES
1. Silman AJ, McGregor AJ, Thomson W, et al. Twin concordance

rates for rheumatoid arthritis: results from a nationwide study. Br J
Rheumatol 1993;32:903-7.

2. Deighton CM, Walker DJ. The familial nature of rheumatoid
arthritis. Ann Rheum Dis 1991;50:62-5.

3. Marlow A, John S, Hajeer A, Ollier W, Silman A, Worthington J.
The sensitivity of different analytical methods to detect disease
susceptibility genes in RA sibling pair families. J Rheumatol
1997;24:208–10.

4. Cornelis F, Faure S, Martinez M, et al. New susceptibility locus for
rheumatoid arthritis suggested by a genome wide linkage study.
Proc Natl Acad Sci USA 1998;95:10746-50.

5. Shiozawa S, Hayashi S, Tsukamoto Y, et al. Identification of the
gene loci that predispose to rheumatoid arthritis. Int Immunol
1998;10:1891-5.

6. John S, Myerscough A, Marlow A, et al. Linkage of cytokine genes
to rheumatoid arthritis. Evidence of genetic heterogeneity. Ann
Rheum Dis 1998;57:361-5.

7. Bali D, Gourley S, Kostyu DD, et al. Genetic analysis of multiplex
rheumatoid arthritis families. Genes Immunity 1999;1:28-36.

8. John A, Myerscough A, Eyre S, et al. Linkage of a marker in intron
D of the estrogen synthase locus. Arthritis Rheum 
1999;42:1617-20.

9. Cantagrel A, Navaux F, Loubet-Lescoulie P, et al. Interleukin-1
beta, interleukin-1 receptor antagonist, interleukin 4 and interleukin
10 gene polymorphism: relationship to occurrence and severity of
rheumatoid arthritis. Arthritis Rheum 1999;42:1093-100.

10. Eskdale J, McNicholl J, Wordsworth P, et al. Interleukin-10
microsatellite polymorphisms and IL-10 locus alleles in rheumatoid
arthritis susceptibility. Lancet 1998;352:1282-3.

11. Coakley G, Mok CC, Hajeer AH, et al. Interleukin-10 promoter
polymorphisms in rheumatoid arthritis and Felty’s syndrome. Br J
Rheumatol 1998;37:988-91.

12. Hajeer AH, Lazarus M, Turner D, et al. IL-10 gene promoter
polymorphisms in rheumatoid arthritis. Scand J Rheumatol
1998;27:142–5.

13. Mattey D, Hassell A, Plant M, et al. Association of polymorphism
in glutathione S-transferase loci with susceptibility and outcome in
rheumatoid arthritis: comparison with the shared epitope. Ann
Rheum Dis 1999;58:164-8.

14. Layton M, Jones P, Alldersea J, et al. The therapeutic response to
D-penicillamine in rheumatoid arthritis: influence of glutathione S-
transferase polymorphisms. Rheumatology 1999;38:43-7.

15. Worthington J, Ollier WER, Leach MK, et al. The Arthritis and
Rheumatism Council’s National Repository of Family Material:
pedigrees from the first 100 rheumatoid arthritis families containing
affected sibling pairs. Br J Rheumatol 1994;33:970-6.

16. McGregor AJ, Bamber S, Silman AJ. A comparison of the
performance of different methods of disease classification for
rheumatoid arthritis. Results and analysis from a nationwide twin
study. J Rheumatol 1994;21:1420-6.

17. Risch N. Linkage strategies for genetically complex traits. II: The
power of affected relative pairs. Am J Hum Genet 1990;46:229-41.

18. Holmans P. Asymptotic properties of affected sib-pair linkage
analysis. Am J Hum Genet 1993;52:362-74.

19. Holmans P, Clayton D. Efficiency of typing unaffected relatives in
an affected sib-pair linkage study with single-locus and multiple
tightly linked markers. Am J Hum Genet 1995;57:1221-32.

20. Spielman RS, McGinnis RE, Ewens WJ. Transmission test for
linkage disequilibrium: the insulin gene region and insulin
dependent diabetes mellitus. Am J Hum Genet 1993;52:506-16.

21. Sham PC, Curtis D. An extended transmission disequilibrium test
for multi-allelic marker loci. Ann Hum Genet 1995;59:323-36.

John, et al: Candidate genes in RA 1755

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2001.  All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/

