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SCIENTIFIC PAPERS

HLA-DR antigens and HLA-DQ chain
polymorphism in susceptibility to rheumatoid
arthritis

J Ilonen, H Reijonen, H Arvilommi, I Jokinen, T Mottonen, P Hannonen

Abstract
Forty four patients with rheumatoid arthritis
(RA) were studied for HLA-DR antigens and
for HLA-DQ 13 chain gene restriction frag-
ment length polymorphism using DNA
hybridisation. A significant increase in the
prevalence of the DR4 antigen and a tendency
towards an increase of DRI was found in
patients with RA. No allelic form ofHLA-DQ
restriction fragment length polymorphism pat-
terns was increased, but the prevalence of an
allele characterised by a combination of 7-5
and 3 kb fragments was decreased among
patients with RA. The DQw8 subtype
represented by a 12 kb fragment was the most
common DR4 associated allele, and a 3.7 kb
fragment related to DQw7 was found in only
5/25 (20%) DR4 positive patients and 2/12
(17%) controls. The results support the hypo-
thesis that RA susceptibility factors are
primarily located within HLA-DR genes but
HLA-DQ genes may have a role in protection
from the disease.
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Susceptibility to rheumatoid arthritis (RA) is
associated with the presence of the HLA-DR4
antigen.' 2 This antigen is closely associated
with HLA-DQw3 specificity, which can be
divided into 3-1 (DQw7) and 3-2 (DQw8)
alleles.3 This dichotomy may be used to define
further disease susceptibility genes located in
the HLA area. The strong association of, for
example, insulin dependent diabetes with the
DQw8 allele4 5 suggests that determinants in
the HLA-DQ 13 chain are of major importance
in disease susceptibility.
The association of RA with different DQw3

subtypes seems less clear. Strong association
with the DQw7 allele has been reported,
especially in severe disease,6 7 but there are also
studies in which an equivocal or even a contro-
versial association with the DQw8 allele has
been detected."'0 In our study a group of 44
Finnish patients with RA was analysed for
HLA-DR and DQ alleles in an attempt to
clarify the location of the HLA area suscepti-
bility genes. In addition to standard serological
HLA typing defining DR specificities, DNA
was isolated from blood samples and studied
using a short DQ-,B intervening sequence
I probe.5

Patients and methods
PATIENTS AND CONTROLS
Forty four consecutive patients with recently
diagnosed definite or classical RA were included
in the study." One hundred and ninety six
healthy laboratory staff members and blood
donors from Oulu served as controls.

HLA-DR TYPING
Mononuclear cells were isolated from heparinised
peripheral blood by Lymphoprep (Nyegard,
Oslo, Norway) gradient centrifugation and B
lymphocytes further enriched by depletion of T
cells with 2-aminoethylisothiouronium bromide
treated sheep red blood cells and monocytes by
plastic adherence. HLA-DR antigens were
determined from B cells by a standard two stage
microlymphocytotoxicity method and com-
mercial tissue typing trays (Biotest AG,
Frankfurt/M, FRG).

RESTRICTION FRAGMENT LENGTH POLYMORPHISM
ANALYSIS BY DNA HYBRIDISATION
The HLA-DQ ,B gene intervening sequence I
specific probe was constructed from a BamHI
3-7 kb fragment corresponding to the 166 base
pairs of the first intron sequence of the HLA-
DQ 13 chain gene.5
For DNA analysis leucocytes were separated

from EDTA-blood samples by red cell hae-
molysis (155 mM NH4CI, 10 mM KHCO3, 0-1
mM EDTA, pH 7 4). The white cell pellet was
suspended in TRIS-EDTA (TE) buffer and
stored at -80°C. For analysis the cells were
lysed at 37°C overnight (2 mM TRIS, 0 4 mM
EDTA, 2 mM NaCl, 1% sodium dodecyl
sulphate (SDS), 0 4% proteinase K), then
extracted by phenol and chloroform. DNA was
precipitated from the aqueous phase with
ethanol. The air dried pellet was dissolved in an
appropriate volume of TE buffer. DNA (10 ,g)
was digested with BamHI according to the
manufacturer's specifications (Boehringer
Mannheim) and electrophoresed in 0-6% agarose
gel at 40V overnight. After alkaline denaturation
the DNA was transferred to the nylon filter
(Hybond-N, Amersham) according to the
method of Southern, dried, and fixed with
ultraviolet light for three minutes.
The purified intervening sequence I probe

was labelled by a-32P labelled dCTP by nick
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translation to a specific activity of 3-5 xlOx
cpm/tg. Hybridisations were performed at 42°C
overnight in the presence of 50% formamide
and 10% dextran sulphate. After subsequent
washings (2 x 1O minutes, at room temperature
in 2XSSC, 01% SDS and 3x20 minutes at
550C in O lxSSC, O-1% SDS) the filters were
exposed to x rays for three days at -70°C with
intensifying screens.

Table 3: HLA-DQw3 subtypes associated with HLA-DR4
antigen in patients with rheumatoid arthritis (RA) and in
controls

Fragment size DR4 positive DR4 positive
(kb) patients with RA controls

(n=25) (n= 12)

No (%) No (%)

12-0 (HLA-DQw8) 19 (76) 10 ($3)
3-7 (HLA-DQw7) 5 (20) 2 (17)

Results
HLA-DR typing results showed a significantly
increased prevalence of the DR4 antigen in
patients with RA (p<0001, X2 test) (table 1).
An increase of the DRI antigen was also
detected, but this did not reach significance
(p<O- 1).
None of the alleles defined by restriction

fragment length polymorphism analysis of the
HLA-DQ I6 chain gene was significantly
increased in patients with RA (table 2). The
prevalence of the 7-5/30 kb fragment combi-
nation was in fact lower in the group with RA
than in the controls (p<005). This DQPi allele
is associated with both DR2 and DRw6 antigens.
The difference was no more significant after
multiplication by the number of alleles com-
pared.
The two DQw3 subtypes defined by the

presence of 3-7 kb (DQw7) and 12 kb (DQw8)
fragments were equally common in DR4 positive
patients with RA and controls (table 3). HLA-
DR phenotypes and restriction fragment length
polymorphism patterns suggested in all DR4
positive patients that 12 kb or 3-7 kb fragments
detected were associated with DR4. In only two
cases was another DR specificity associated with
the 12 kb fragment-DR8 is found together
with DR4 and both cases were apparently
homozygous for the 12 kb fragment. In DR4
positive controls the segregation of 12 kb and

Table 1: Prevalence ofHLA-DR antigens in patients with rheumatoid arthritis (RA) and in
controls

Antigen Patients Controls Significance RR
with RA (n=44) (n=196)

No (%) No (%)

DRI 20 (45) 60 (31) p<O 1 189
DR2 13 (30) 49 (25)
DR3 4 (9) 31 (16)
DR4 26 (59) 53 (27) p<0-001 3 90
DR5 4 (9) 21 (11)
DRw6 3 (7) 35 (18)
DR7 4 (9) 26 (13)
DRw8 4 (9) 35 (18)
DR9 2 (5) 12 (6)

Table 2: Prevalence of HLA-DQJ3 alleles detected by restriction fragment length
polymorphism after BamHI digestion. Hybridisation made with intervening sequence I probe

Fragment Patients Controls Significance RR
size with RA (n=44) (n=118)
(kb)

No (%) No (%)

12-0 28 (64) 58 (49)
7-5/3-0 13 (30) 57 (48) p<005 0-45
4-0 8 (18) 30 (25)
3-7 8 (18) 18 (15)
3-2 9 (20) 34 (29)
2-8 1 (2) 0 (0)
Others 4 (9) 4 (3)

3-7 kb fragments with DR4
confirmed by family analysis.

haplotype was

Discussion
Results of this study support the hypothesis that
the primary association of RA susceptibility
within the human HLA class II gene area is
with HLA-DR genes. The prevalence of DQ I8
chain gene alleles associated with DR4 did not
significantly differ between patients with RA
and controls. The primary association of RA
with the HLA-DR gene area is strongly impli-
cated also by the differential association of
mixed lymphocyte culture defined subtypes of
DR4 with RA susceptibility.'0 RA associated
Dw4 and Dw14 molecules share a similar amino
acid sequence with the Dwl/DRl antigen.'0
This antigen has been found in association with
RA in some ethnic groups,'2 13 and marginally
also together with DR4 in a white population. 14
A common determinant in the association of
HLA-DRI and DR4 with RA has been recog-
nised also by serology and cellular typing. 5 The
DR fi chain gene sequence coding this area has a
homologous sequence with the Epstein-Barr
virus genome, which suggests a possible role for
this virus in the cause of RA.

Prevalence of the DRI antigen was only
marginally increased in this study. If DRI,
Dw4, and Dw14 associations of the disease are
explained by a common shared susceptibility
determinant it is difficult to explain why the
association with Dw4 and Dw14 antigens
dominates in white populations.
The prevalence of the Dw2/DR2 antigen has

been found to be decreased in several studies on
RA,16-20 including the earlier studies in
Finland.'9 20 Although in our small patient
group the prevalence of the DR2 antigen was
similar to that in the control population, the
DNA hybridisation analysis of the HLA-DQ I6
chain gene detected that the 7 5/3 kb combi-
nation of restriction fragments was significantly
decreased in the same patients. This allelic
restriction fragment length polymorphism type
is strongly associated with DR2 but also found
in most DRw6 positive haplotypes and some
other haplotypes.2' This suggests that there
may be some protective factors which are
primarily associated with the HLA-DQ gene
area. It has to be noted that the disease
susceptibility alleles of patients with insulin
dependent diabetes mellitus localised to the
HLA-DQ j3 chain gene seem actually to repre-
sent protective determinants. The presence of
aspartic acid in position 57 of the polypeptide
chain seems to protect against the disease.22 23
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Protective factors on the HLA-DQ area may
affect the expression ofDR related susceptibility
alleles. This may especially be the case in DRI
associated disease risk, and an analysis of HLA-
DRI positive haplotypes for their HLA-DQ
gene area might be informative. This analysis
should include comparison of DRI positive RA
and control haplotypes in different ethnic
groups. Our own preliminary findings show
some heterogeneity within HLA-DRI positive
haplotypes in the control population (Reijonen
et al, unpublished).
Our finding of a protective role for HLA-DQ

alleles is based on a small number of patients
and should be confirmed by larger studies. The
results suggest, however, that the DQ area
analysis in RA should be directed also towards
indicating factors which protect from the
disease.

We thank Drs Birgitte Michelsen and Ake Lernmark for their
generous gift of the HLA-DQfi specific probe.

1 Stastny P. Association of the B-cell alloantigen DRw4 with
rheumatoid arthritis. N Engl J Med 1978; 298: 869-71.

2 Tiwari J, Terasaki P. HLA and disease associations. New
York: Springer, 1985.

3 Kim S-J, Holbeck S L, Nisperos B, Hansen J A, Maeda H,
Nepom G T. Identification of a polymorphic variant
associated with HLA-DQw3 and characterized by specific
restriction sites within the DQ f-chain gene. Proc NatlAcad
Sci USA 1985; 82: 813943.

4 Owerbach D, Lernmark A, Platz P, et al. HLA-D region -
chain DNA differ between HLA-DR identical healthy and
insulin-dependent diabetic individuals. Nature 1983; 303:
815-7.

5 Michelsen B, Lernmark A. Molecular cloning of a poly-
morphic DNA endonuclease fragment associates insulin-
dependent diabetes mellitus with HLA-DQ. J Clin Invest
1987; 79: 1144-52.

6 Singal D, D'Souza M, Reid B, Bensen W G, Kassam Y B,
Adachi J D. HLA-DQ 13-chain polymorphism in HLA-DR4
haplotypes associated with rheumatoid arthritis. Lancet
1987; ii: 11 18-20.

7 Sansom D M, Bidwell J L, Maddison P J, Campion G,
Klouda P T, Bradley B A. HLA DQa and DQf restriction
fragment length polymorphisms associated with Felty's
syndrome and DR4-positive rheumatoid arthritis. Hum
Immunol 1987; 19: 269-78.

8 Cutbush S D, Oilier W, Awad J, Currey H L F, Festenstein
H. New HLA DNA polymorphisms associated with rheu-
matoid arthritis. Dis Markers 1986; 4: 173-83.

9 Wallin J, Carlsson B, Strom H, Moller E. A DR4-associated
DR-DQ haplotype is significantly associated with rheuma-
toid arthritis. Arthritis Rheum 1988; 31: 72-9.

10 Nepom G T, Byers P, Seyfried C, et al. HLA genes associated
with rheumatoid arthritis. Arthritis Rheum 1989; 32: 15-21.

11 Ropes M W, Bennett G A, Cobb S, Jacox R, Jessar R A.
Revision of diagnostic criteria for rheumatoid arthritis.
Ann Rheum Dis 1959; 18: 49-53.

12 SchiffB,MizrachiY,OrgadS,YaronM,GazitE. Associationof
HLA-Aw3l and HLA-DRI with adult rheumatoid arthritis.
Ann Rheum Dis 1982; 41: 403-4.

13 Woodrow J C, Nichol F E, Zaphiropoulos G. DR antigens
and rheumatoid arthritis: a study of two populations. Br
MedJ 1981; 283: 1287-8.

14 Thomsen M, Morling N, Snorrason E, Sveigaard A,
Sorensen S F. HLA-Dw4 and rheumatoid arthritis. Tissue
Antigens 1979; 13: 56-60.

15 Duquesnoy R J, Marrari M, Hackbarth S, Zeevi A. Sero-
logical and cellular definition of a new HLA-DR associated
determinant, MCI, and its association with rheumatoid
arthritis. Hum Immunol 1984; 10: 165-76.

16 Roudier J, Rhodes G, Petersen J, Vaughan J H, Carson D A.
The Epstein-Barr virus glycoprotein gpl 10, a molecular link
between HLA DR4, HLA DRI, and rheumatoid arthritis.
ScandJ Immunol 1988; 27: 367-71.

17 Panayi G S, Woolley P, Batchelor J R. Genetic basis of
rheumatoid disease: HLA antigens, disease manifestations
and toxic reactions to drugs. Br MedJ3 1978; ii: 1326-8.

18 Stastny P, ed. Rheumatoid arthritis. Joint report. In:
Terasaki P I, ed. Histocompatibility testing 1980. Los
Angeles: UCLA Tissue Typing Laboratory, 1980: 681-6.

19 Hakala M, Tiilikainen A, Hameenkorpi R, et al. Rheumatoid
arthritis with pleural effusion includes a subgroup with
autoimmune features and HLA-B8, Dw3 association. Scand
J Rheumatol 1986; 15: 290-6.

20 Nuotio P, Nissila M, Ilonen J. HLA-D antigens in rheuma-
toid arthritis and toxicity to gold and penicillamine. ScandJ
Rheunatol 1986; 15: 255-8.

21 Reijonen H, Ilonen J, Knip M, Michelsen B, Akerblom H K.
HLA-DQ beta-chain RFLP as a risk marker in insulin-
dependent diabetes mellitus (IDDM): a Finnish family
study. Diabetologia (in press).

22 Todd J A, Bell J I, McDevitt H 0. HLA-DQf gene
contributes to susceptibility and resistance to insulin-
dependent diabetes mellitus. Nature 1987; 329: 599-604.

23 Morel P A, Dorman J S, Todd J A, McDevitt H 0, Trucco
M. Aspartic acid at position 57 of the DQ f-chain protects
against type I diabetes: a family study. Proc Natl Acad Sci
USA 1988; 85: 8111-5.

496

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.49.7.494 on 1 July 1990. D
ow

nloaded from
 

http://ard.bmj.com/

