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HLA-DRB1*04 Alleles in Japanese Rheumatoid
Arthritis Patients with AA Amyloidosis
KIYOSHI MIGITA, TADASHI NAKAMURA, YUMI MAEDA, TAICHIRO MIYASHITA, TOMOKI ORIGUCHI,
HIROSHI YATSUHASHI, MINORU NAKAMURA, HIROMI ISHIBASHI, and KATSUMI EGUCHI 

ABSTRACT. Objective. To compare the HLA-DRB1 shared epitope (SE) alleles in Japanese patients with rheuma-
toid arthritis (RA) and amyloid A (AA) amyloidosis versus those without AA amyloidosis. 
Methods. The HLA-DRB1 alleles were genotyped for 91 RA patients without AA amyloidosis, 33 RA
patients with AA amyloidosis, and 63 control subjects. HLA-DRB1 typing was performed by poly-
merase chain reaction, sequence-specific oligonucleotide probe hybridization method.
Results. Although a significant difference was not observed, the frequency of SE genotype was higher
in RA patients with AA amyloidosis than in those without AA amyloidosis. All SE-positive RA patients
with AA amyloidosis had *04 alleles (*0401, *0405, *0410), and a significant association of the pres-
ence of a double dose of *04 SE alleles with AA amyloidosis (OR 4.0, 95% CI 1.91–13.99) was
observed.
Conclusion. Our data suggest that presence of double *04 SE is associated with a higher risk of devel-
oping AA amyloidosis in Japanese patients with RA. (J Rheumatol 2006;33:2120–3)
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Rheumatoid arthritis (RA) is a chronic inflammatory disease
of unknown cause. One of the most serious outcomes is the
development of extraarticular manifestations1. Genetic factors
play a role in the predisposition and the severity of RA2. The
most extensively studied genetic marker in RA is HLA-
DRB13. Several HLA-DRB1 alleles share a common amino
acid sequence, which is commonly called the shared epitope
(SE), in the third hypervariable region of the molecule4.
Studies in different populations have demonstrated the associ-
ation between the presence of SE and extraarticular manifes-
tations in patients with RA5. Amyloid A (AA) amyloidosis is
one of the most serious extraarticular manifestations of RA6.
It is caused by amyloid depositions formed from serum amy-
loid A (SAA), an acute phase protein produced in response to

inflammation7. Long-standing inflammation is necessary for
the development of AA amyloidosis; however, not all patients
with prolonged and markedly elevated SAA levels develop
amyloidosis, which suggests a genetic predisposition for amy-
loidogenesis8. We investigated the association between DRB1
alleles and AA amyloidosis in Japanese patients with RA.

MATERIALS AND METHODS
Patients. Table 1 presents the characteristics of RA patients in our study. One
hundred twenty-four Japanese patients who met the American College of
Rheumatology (ACR) 1987 classification criteria for RA9 were recruited con-
secutively from the outpatient clinic of Kumamoto Rheumatic Center and
Nagasaki Medical Center. Sixty-three healthy volunteers (33 women and 30
men) served as the control group. Written informed consent was obtained
from each study participant. AA amyloidosis was diagnosed in 33 of the 124
patients with RA. The diagnosis of AA amyloidosis was confirmed by histol-
ogy based on the presence of Congo red staining, greenish birefringence on
polarizing microscopy, and anti-human amyloid A reactivity of tissue biopsy
specimens. RA patients with AA amyloidosis exhibited clinical symptoms
and signs associated with amyloidosis, including refractory diarrhea (20/33),
renal manifestations, such as proteinuria and renal impairment (14/33), and
cardiomegaly (6/33). All patients were diagnosed within the past 5 years.

The remaining 91 RA patients showed no symptoms supposed to be AA
amyloidosis, such as proteinuria, gastrointestinal symptoms, and cardiac
involvement. There was no significant difference in age, gender, or the pres-
ence of rheumatoid factor between the 2 RA patient groups. The study proto-
col was approved by the Ethics Committees of all 3 institutes.
HLA-DRB1 typing. Genomic DNA was extracted from whole blood. Typing
for HLA-DRB1 was performed by the polymerase chain reaction and
sequence-specific oligonucleotide probe hybridization method using
Genoscience HLA-DRB1 kits (G&G Science Corp., Fukushima, Japan).
Statistical methods. Disease association with HLA-DRB1 allele was assessed
by a single-allele cis-square test for a 2 × 2 contingency table (the conven-
tional odds ratio method). The probability values obtained were corrected
(Pc) for multiple testing (Bonferroni correction). Statistical analysis was per-
formed with StatView software (SAS Institute, Cary, NC, USA).
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RESULTS
The allele distributions of HLA-DRB1 in our 124 RA
patients and 63 healthy subjects are summarized in Table 2.
As demonstrated previously, the frequency of SE was signif-
icantly higher in RA patients, both with and without AA
amyloidosis, than in healthy controls. The frequencies of
HLA-DRB1 alleles were compared between RA patients
with and without AA amyloidosis. There was a trend of high-
er frequencies of *0405 or *0410 and lower frequencies of
*0101 in RA patients with AA amyloidosis, but results did
not reach statistical significance (Table 2). Similarly, the fre-
quency of SE was higher in RA patients with AA amyloido-

sis (SE+ 57.6%) than in those without amyloidosis (SE+
44.5%); however, no significant differences were observed.
Because our results suggest that the DRB1*04 SE allele
might explain the association of SE and AA amyloidosis, we
further evaluated the association between the presence of
SE+ *04 alleles and AA amyloidosis in patients with RA. As
shown in Table 3, all SE-positive RA patients with AA amy-
loidosis had *04 SE alleles (*0401, *0405, *0410). Further,
when the populations were compared, a statistically signifi-
cant association between the presence of 2 DRB1*04 SE
alleles and AA amyloidosis was observed in patients (OR
4.0, 95% CI 1.94–13.99; Table 3).

Table 1. Characteristics of patients with RA. Values are number (%) or mean ± SEM.

No. Age, yrs Female/Male Duration of RA, yrs RF (%) CRP, mg/dl

Patients with AA 33 63.0 ± 9.7 25/8 14.1 ± 10.2 29/33 (87.9) 3.6 ± 2.4
amyloidosis

Patients without AA 91 61.9 ± 14.1 76/15 12.5 ± 10.9 73/91 (80.2) 2.0 ± 1.9
amyloidosis

RF: rheumatoid factor; CRP: C-reactive protein.

Table 2. Distribution of HLA-DRB1 in 124 patients and 63 control subjects.

Controls RA RA + Amyloidosis
DRB1 Alleles, No. (%) Alleles, No. (%) Alleles, No. (%) p pcorr

(n = 126 alleles) (n = 182 alleles) (n = 66 alleles)

SE+
*0101 7 (5.6) 14 (7.7) 0 (0) 0.024 0.576
*0401 2 (1.6) 7 (3.8) 6 (9.1) NS
*0404 0 (0) 1 (0.5) 0 (0) NS
*0405 18 (14.3) 53 (29.1) 28 (42.4) 0.048 NS
*0410 1 (0.8) 2 (1.1) 4 (6.1) 0.045 NS
*1001 1 (0.8) 1 (0.5) 0 (0) NS
*1406 4 (3.2) 3 (1.6) 1 (1.5) NS

SE–
*0403 1 (0.8) 2 (1.1) 0 (0) NS
*0406 7 (5.6) 7 (3.8) 2 (3.0) NS
*0802 6 (4.8) 1 (0.5) 1 (1.5) NS
*0803 13 (10.3) 8 (4.4) 2 (3.0) NS
*0809 1 (0.8) 0 (0) 0 (0) NS
*0901 16 (12.7) 28 (15.4) 12 (18.2) NS
*1101 3 (2.4) 4 (2.2) 2 (3.0) NS
*1201 0 (0) 7 (3.8) 3 (4.5) NS
*1202 2 (1.6) 4 (2.2) 0 (0) NS
*1301 2 (1.6) 0 (0) 0 (0) —
*1302 9 (7.1) 7 (3.8) 0 (0) NS
*1401 6 (4.8) 2 (1.1) 0 (0) NS
*1403 3 (2.4) 1 (0.5) 0 (0) NS
*1405 4 (3.2) 0 (0) 0 (0) —
*1501 12 (9.5) 7 (3.8) 0 (0) NS
*1502 8 (6.3) 21 (11.5) 0 (0) 0.004 0.096
*1602 0 (0) 2 (1.1) 5 (7.6) 0.016 0.384

SE+ total 33 (26.2) 81 (44.5) 38 (57.6) NS
SE– total 93 (73.8) 101 (55.5) 28 (42.4) NS

SE: shared epitope bearing the amino acid sequences QK/QR/RRRAA at position 70–74 of the third variable
region. NS: not significant.
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DISCUSSION 
The development of RA could be due to the combination of
genetic susceptibility to disease and exposure to an environ-
mental trigger10. RA is now thought to be associated with a
conserved sequence of amino acid in HLA-DRB1 alleles,
known as the RA shared epitope4. However, the SE appears to
be associated with RA chronicity and severity more than with
susceptibility11,12. AA amyloidosis is a serious complication
thought to be related to the chronicity and severity of rheuma-
toid inflammation13.

Our results suggest the particular importance of DRB1*04
SE genotypes in RA patients with AA amyloidosis. Our data
indicate that RA patients with double *04 SE alleles have an
increased risk for AA amyloidosis (Table 3). The association
between HLA-DR4 and RA is well known, and a higher
prevalence of HLA-DR4 was described in RA patients with
AA amyloidosis14. Our data, which indicate that HLA-
DRB1*04 SE may contribute to the association of AA amy-
loidosis with RA, are consistent with those of the previous
study.

The AA protein that forms AA amyloid fibril is derived
from the circulating acute phase reactant, SAA, which is syn-
thesized by hepatocytes under transcriptional regulation by
proinflammatory cytokines15. Sustained high circulating
levels of SAA are prerequisites for the development of AA
amyloidosis. In Japan, AA amyloidosis is seen more often
than in North America, and genetic predisposition is thought
to be involved in the occurrence of amyloidosis8. Our study
showed that Japanese RA patients with AA amyloidosis are
more likely to have double *04 SE alleles and less likely to
have non-*04 SE alleles. Our data suggest that a certain SE
genotype could be a genetic risk factor for AA amyloidosis in
RA patients.

The heterogeneity of DRBI*04 in RA is well known, and
there are a growing number of studies on the distribution of
this allele in different ethnic groups. DRBI*0401 (and *0404)
account for the DRBI association with RA in Caucasians16,
whereas DRBI*0405 was found mainly in Asian patients with

RA17,18. Our data demonstrating the high frequency of *0405
in Japanese RA patients are consistent with these previous
findings.

DRB1*0401 (*0401-homozygous or *0401/*0404 com-
pound homozygous) was found in patients with severe RA or
RA with extraarticular features19. Weyand, et al also observed
DRB1*04 alleles in patients with severe, erosive RA with
extraarticular features, such as vasculitis and Felty’s syn-
drome, while DRB1*01 were observed at a higher frequency
in patients with less severe RA20. The presence of 2 SE-posi-
tive DRBI alleles in patients with RA has been shown to be
associated with disease severity21. In another study, a double
dose of DRBI*04 SE alleles was associated with progressive
joint damage in northern European Caucasians22. Therefore, it
is likely that an association between double dose of *04 SE
and AA amyloidosis could be attributed to the RA severity in
these patients.

Although the association of *04 SE with AA amyloidosis
in RA patients was indicated in this study, the mechanisms by
which *04 SE confers susceptibility to AA amyloidosis
remain to be determined. Tumor necrosis factor-α (TNF-α) is
considered to be one of the most important cytokines in the
inflammatory process in RA23. The human TNF-α gene is
located within the class III region of the MHC24. This chro-
mosomal location raised the possibility that the association of
RA and DRBI may be partly attributed to polymorphism with-
in the TNF gene25. Recently it was reported that a particular
TNF-α polymorphism is associated with RA severity through
an interaction with HLA-DRB126. Maury, et al reported that
circulating TNF-α is significantly increased in RA patients
with amyloidosis27. It is possible that the observed association
between AA amyloidosis and *04 SE may be due to the link-
age disequilibrium between TNF-α and HLA-DRB1 loci.
Further large-scale studies are needed to define the relation-
ship between DRBI and TNF-α gene in RA patients with AA
amyloidosis.

HLA genes are likely involved in shaping the T cell reper-
toire. SE-positive HLA-DR alleles may shape the T cell reper-

Table 3. Frequency of shared epitope alleles among RA patients with or without amyloidosis and healthy con-
trols.

Genotype Healthy Controls, RA, RA + Amyloidosis p OR (95% CI)
n = 63 n = 91 n = 33

2 SE alleles
*04/*04 1 (1.6) 9 (9.9) 12 (36.4) 0.0052 4.0 (1.94–13.99)
*04/SE 1 (1.6) 8 (8.8) 1 (3.0) 0.447
SE/SE 1 (1.6) 0 (0) 0 (0)

1 SE alleles
*04/x 18 (28.6) 36 (39.6) 13 (39.4) 0.991
SE/x 9 (14.3) 10 (11.0) 0 (0) 0.119

*04: DRB1-04 shared epitope (*0401, *0404, *0405, *0410). SE: non-04 shared epitope (*0101, *1001, *1406).
x: non-SE allele. Odds ratio (OR), 95% confidence interval (95% CI), and p values were calculated by RA group
and RA plus amyloidosis group.
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toire by presenting self-peptide to CD4-positive T cells28. The
T cell repertoire in patients with RA is markedly contracted29,
and HLA-DRB1*04 alleles are thought to be associated with
extraarticular manifestations in RA by affecting T cell reper-
toire formation30. Although the precise mechanism for *04 SE
association with AA amyloidosis is still unknown, it is possi-
ble that *04 SE may influence the expression of AA amyloi-
dosis by affecting T cell selection or activation.

In conclusion, ours is the first study evaluating the role of
HLA-DRB1 genes in the association of AA amyloidosis with
RA. HLA-DRB1*04 SE alleles tend to be associated with AA
amyloidosis and could predict risk for AA amyloidosis in
Japanese patients with RA.
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