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Abstract

We have searched the human genome for genes that predispose to rheumatoid arthritis (RA) using
fluorescence-based microsatellite marker analysis and affected sib-pair linkage study. A panel of
41 Japanese families, each with at least two affected siblings, was typed for genome-wide 358
polymorphic microsatellite marker loci. Markers were amplified by the PCR using fluorescence-
tagged primers and sized based on the difference of CA repeats on DNA. Linkage analysis was
made using maximum lod score (MLS). The MLS for D1S214 and D8S556 was 3.27 and 3.33, while
the MLS for the HLA-DRB1 region was <3.0. According to detailed analysis by single-point analysis
using MAPMAKER/SIBS, the MLS for D1S253 and D1S214 was 3.77 and 3.58. The MLS by multi-
point analysis was 6.13 for D1S253. The MLS for D8S556 by single-point analysis was 4.20. The
MLS for DXS1232 was 2.35 by single-point analysis, whereas the MLS for the region 2 cM right to
DXS1232 and the region between DXS1227 and DXS1200 was 3.03 and 2.93 by multi-point analysis.
Three principal chromosome regions of linkage, D1S253/214, D8S556 and DXS1232, have been
identified which we call RA1, RA2 and RA3 for RA disease loci.

Introduction

Rheumatoid arthritis (RA) is a chronic symmetric polyarthritis of
unknown etiology that affects ~1% of the population worldwide,
where genetic and environmental factors are suspected to be
important in its pathogenesis (1). Previous studies indicate that
the risk of the disease in the siblings of affected individuals (λs)
is much increased in RA (2), suggesting that genetic factors
may be important as a cause of familial clustering (2,3). Genetic
studies to date have focused primarily on the role of HLA molec-
ules in RA (1,3). However, while the ratio of the risk for siblings
of patients with a disease and the population prevalence of that
disease (λs) (4) was 8 for RA, the λs for HLA was significantly
low at 1.6 in Caucasian patients with RA (2,5). Thus, the HLA-
linked susceptibility locus did not appear to sufficiently explain
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the observed familial clustering of RA (3). At least one non-HLA-
linked disease locus has been proposed by recent genetic
epidemiology studies (3,6).

We have searched the human genome for genes that predis-
pose to RA using fluorescence-based microsatellite marker
analysis and affected sib-pair linkage study. Since parents
were not typed in most of the RA families because of late onset
nature of the disease, we have typed one unaffected sibling in
addition to the affected sib-pair for each family. Using computer
programs, one produced by us and the other by other investig-
ators, the maximum likelihood analysis was performed to detect
markers with positive linkage to the disease (7). Both single-
point and multi-point sib-pair analyses were performed, the
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latter being powerful when both genotype data from multiple
linked loci and genetic distances between the loci were avail-
able (8).

Methods

Family study
Japanese families including affected sib-pairs who met the
diagnostic criteria of the American College of Rheumatology
(formerly, the American Rheumatism Association) (9) with clear
and identifiable joint destruction of more than stage 2 of
Steinbroker’s X-ray classification (10) were studied under the
consent of patients and their family members on this type of
familial genetic search. Peripheral blood (10 ml) was withdrawn
using EDTA and gently mixed with 20 ml of buffer I (0.32 M
sucrose, 5% v/v Triton X-100, 5 mM MgCl2 and 12 mM Tris–
HCl, pH 7.6) to lyse cell membrane. After centrifugation, the
precipitate of nuclei was reacted with buffer II (4 M guanidine
thiocyanate, 12 mM EDTA, 375 mM NaCl, 0.5% sodium
N-lauroyl sarcosinate, 0.1 M β-mercaptoethanol and 12 mM
Tris–HCl, pH 7.6) at 55°C for 10 min to lyse nuclear membrane.
Genomic DNA was extracted by ethanol precipitation.

Microsatellite DNA sizing (11)
Fluorescence-tagged primers for 358 microsatellite markers
that define a 10.8 cM resolution human index map were
purchased from PE Applied Biosystems-Roche Molecular
Systems, (Branchburg, NJ). The markers D1S502 and D6S344
were not used because of technical difficulty in amplifying their
DNA. D6S276 was substituted to D6S299, D6S265 and D6S273
to specifically examine the HLA-D region. Other microsatellite
markers were newly synthesized according to the published
primer sequences (12). PCR was performed in 96-well microt-
iter plates (6511; Corning Coster, Cambridge, MA) in a 15 µl
volume containing 30 ng of DNA, 0.2 µM of primer mixture,
0.2 mM of each dNTP, 1 U of AmpliTaq Gold DNA polymerase
(PE Applied Biosystems), 2.5 mM MgCl2 and 13PCR buffer II
(PE Applied Biosystems), and amplification conditions in a
MJ Research (Watertown, MD) PTC-100 thermocycler were
94°C for 10 min followed by 27 cycles of 94°C for 30 s, 55°C for
1 min, 72°C for 2 min and 72°C for 5 min after the last cycle.
PCR products labeled with 6-FAM, TET or HEX were mixed
together with TAMURA-labeled size standards and applied
on a 36 cm well-to-read gel (4% acrylamide/6 M urea) plate.
Electrophoresis was carried out in a ABI 377 sequencer
(PE Applied Biosystems) at 3000 V for 2 h. The peak, height and
area of DNA fragments were identified using the GENESCAN
(version 2.0.0) computer analysis software (PE Applied
Biosystems) with reference to TAMURA-labeled size stand-
ards. The DNA fragments were properly sized by lane-to-lane
gel comparison and automatic allele calling using the data
analysis and transformation software GENOTYPER (version
1.1) (PE Applied Biosystems). Information obtained was
transformed into the MS-DOS-based SIB-ADONE computer
program (which is available on request by e-mail to shioza-
wa@ams.kobe-u.ac.jp).

HLA-DRB1 typing
HLA-DRB1 was typed by modifying the PCR restriction
fragment length polymorphism (RFLP) method by introducing

DRB1 group-specific primers (13). PCR was performed in a
50 µl volume containing 100 ng of DNA, 0.2 mM of each dNTP,
1.25 U of Taq DNA polymerase (PE Applied Biosystems),
1.5 mM MgCl2, 50 mM KCl, 0.01% gelatin, 10 mM Tris–HCl,
pH 8.4, and a set of primer (13), and amplification conditions
were 94°C for 10 min followed by 30 cycles of 95°C for 30 s,
59–64°C for 30 s, 72°C for 30 s and 72°C for 5 min after the last
cycle. After digestion using a battery of restriction enzymes,
HLA-DRB1was typedbyRFLPbandpatterns ina12%acrylam-
ide gel.

Linkage analysis

Linkage analysis was made using the SIB-ADONE program
which was developed by us according to the method of Hol-
mans and Clayton (14). This program is specified for the max-
imum likelihood analysis of sib-pairs for each of which parents
are not typed but a pair of affected sib and an unaffected sib
are typed. Probabilities of allele sharing of affected sibs but not
those of other types of pairs were considered and this was
expected to yield a close approximation to the full likelihood
especially when penetrance was low (14). The genotypes of
unaffected sibs were used to infer parental genotypes. The
contribution of the ith pair to the likelihood (Li) is:

genotype of
parental

Pr unaffected P 3
Li 5 Pr ( genotypes · P ) 〈 | 〉Σ sib

P ∈ P

2

genotypes of j · IBD
Pr zj,Σ 〈 affected pair | P 〉

j 5 0

where zj is the probability of sharing j IBD between an affected
sib-pair and P is the set of genotypes consistent with the
observed parental data. The likelihood of the whole sample
was maximized with respect to all markers as well as IBD
sharing probabilities z0, z1 and z2 under the restriction of z1 ø
1/2, z0 ø 1/2 z1 and z0 1 z1 1 z2 5 1.

The maximum lod score (MLS) was calculated as:

MLS 5 log10(likelihood under
z/likelihood under null hypothesis)

where z is the maximum likelihood proportions. The MAP-
MAKER/SIBS program was used to confirm and extend the
result obtained by the SIB-ADONE, in which both single point
and multi-point sib-pair analyses were performed(15). Analysis
was made within the possible triangle for autosomal loci or
under the genetic constraints as described by Cordell et al. (16)
for X-linked loci but without the assumption of no dominance
variance.

Results

A panel of 41 Japanese families, including at least two affected
siblings with full-blown clinical RA and clear and identifiable
joint destruction under X-ray films (Fig. 1), was typed for gen-
ome-wide 358 polymorphic microsatellite marker loci, with a
mean heterozygosity of 0.79. The sex-averaged genetic
distance between two consecutive marker loci was 10.8 cM.



Gene loci that predispose to rheumatoid arthritis 1893

Fig. 1. Family trees of affected sib-pairs with RA. One unaffected elderly sibling (indicated by an asterisk with age) was typed in addition to
the corresponding affected sib-pair for each family.

Fig. 2. MLS of the genome-wide microsatellite marker study is shown in relation to the genetic distance expressed using microsatellite marker loci.
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Fig. 3. Detailed MLS mapping of the gene loci including D1S214,
D8S556, and the region between DXS1047 and DXS1227. Dots
indicate the MLS values from single-point analysis, whereas curves
indicate those from multi-point analysis.

Microsatellite markers were amplified by PCR using fluores-
cence-tagged primers and sized based on the difference of
CA repeats on DNA fragments.

Two principal regions of linkage, D1S214 and D8S556, that
exceeded the MLS of 3.0 for autosomal chromosomes were
identified (Fig. 2): The MLS for D1S214 and D8S556 was 3.27
and 3.33. Estimated proportions of siblings sharing 0, 1 and 2
alleles IBD were z0 5 0.065, z1 5 0.130 and z2 5 0.805 for
D1S214 and z0 5 0.075, z1 5 0.150 and z2 5 0.775 for D8S556.
Since the linkage study ishighly sensitive to the allele frequency
in the population, we have typed allele frequencies of 358
marker loci of Japanese population (Hayashi et al., in prepara-
tion) and this was referred to adjust the allele frequencies of
unaffected siblings of rheumatoid families used for calculation
in the present linkage study if necessary.

The MLS for the microsatellite markers in the vicinity of the
HLA-DRB1 region was 1.98 for D6S299, 0.66 for D6S265 and
1.03 for D6S273. This was in line with the calculation of MLS
based on the classical HLA-DRB1 DNA typing using PCR-
RFLP. The MLS for HLA-DRB1 using this method was found to
be 2.10.

Microsatellite markers in the vicinity of D1S214 and D8S556
were analyzed in detail by electrophoresis using the new

primers distributed more closely around D1S214 and D8S556,
and the data were analyzed by MAPMAKER/SIBS (Fig. 3).
According to single-point analysis of MAPMAKER/SIBS, the
MLS for D1S253 and D1S214 was 3.77 and 3.58 respectively.
Multi-point analysis detected a peak of MLS of 6.13 at D1S253
(Fig. 3), where maximum likelihood allele sharing proportions
were z0 5 0.095, z1 5 0.189 and z2 5 0.716.

The MLS for D8S556 according to single-point analysis was
4.20, in which estimated proportions of siblings sharing 0, 1
and 2 alleles IBD were z0 5 0.094, z1 5 0.188 and z2 5 0.717.
The MLS according to multi-point analysis was 1.14 (Fig. 3).

Microsatellite markers in chromosome X were analyzed by
MAPMAPER/SIBS. The MLS for DXS1232 was 2.35 by single-
pointanalysis.AnMLSpeakof3.03wasdetectedat theposition
2 cM right to DXS1232 and the other of 2.93 at the region
between DXS1227 and DXS1200 by multi-point analysis
(Fig. 3).

Discussion

We have selected 41 families with affected sib-pairs by paying
attention to the fact that affected sib-pairs expressed full-blown
clinical RA with clear and identifiable joint destruction under
X-ray films. This was especially important because one of the
affectedsib-pairsoftenpresentedwith transientarthritiswithout
identifiable joint destruction, which makes analysis difficult. We
also paid attention to the fact that unaffected siblings in a family
should be older enough than at least one of the affected sib-pair
within the family. If an unaffected sib was younger than both of
the affected sibs, such a family was excluded unless the age
of the unaffected sib was older than either of the ages of the
disease onset of the affected sibs. Seven out of 41 families
were of this type and the youngest unaffected sibling in these
families was 50 years old.

Based on detailed microsatellite marker analyses, linkage
has been assigned to the chromosome regions D1S253/214,
D8S556 and DXS1232. The MLS for D1S253 and D1S214 was
3.77 and 3.58 respectively by single-point analysis and the
MLS for D1S253 was 6.13 by multi-point analysis of MAP-
MAKER/SIBS. The radiation hybrid map shows the location of
D1S253 at 23.56 cR and that of D1S214 at 21.24 cR, and thus
they are very close. We may therefore assign the disease gene
which we call RA1 in the region of D1S253 and D1S214.

With regard to D8S556, although the MLS by single-point
analysis was 4.20, this was not supported by multi-point ana-
lysis.This regionmaynot trulybe linked toadisease-associated
locus; however, we think that this region must be searched
further as RA2 for RA disease gene, because the method is
basically sensitive to the information of the map and allele
frequencies, and that increased mutation has been pointed out
in an enzyme localized D8S556 in our preliminary mutation
study so far.

With regards to the X chromosome, the MLS for DXS1232
was 2.35 by single-point analysis and the locus 2 cM right to
DXS1232 was 3.03 by multi-point analysis. Two peaks were
detected near this region; however, since the region is very
close, there may be only one disease-associated locus. Being
evaluated by the prescribed level 2 for X chromosome, we may
assign the RA disease gene RA3 at the locus around DXS1232,
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possibly within the region around DXS1232 and DXS1227
(Fig. 3).

Under the single locus and multiplicative models, the relative
risks of RA for a sib of an affected proband versus population
prevalence were estimated from maximum likelihood allele
sharing proportions at autosomal loci to be 2.6 for D1S253/
214 linked to RA1 and 2.7 for D8S556 linked to RA2 (4). The
contribution of these loci, in addition to HLA-linked loci and
RA3, may explain the value of 8 (5) previously estimated for the
relative risk of sibs of RA.

The present study did not show significant MLS for the HLA-
DR region. This was in line with the calculation of MLS based
on the classical HLA-DRB1 DNA typing using PCR-RFLP. The
result may be consistent with the previous studies based on
genetic epidemiology that the HLA-linked susceptibility locus
accounted for ,20% of RA cases in the general population (3),
and the ratio of the risk for siblings of patients with a disease
and the population prevalence of that disease (λs) (4) was 8 for
RA, whereas λs for HLA was less significant at 1.6 (5).
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