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Abstract. Rheumatoid arthritis (RA) is a common disabling disorder of unknown etiology. In the past 2 decades,
anumber of studies have examined the genetic basis for RA. One major focus of these studies has been to identify
genes within the MHC class Il (HLA-DR) chromosomal region, which confer susceptibility/resistance to RA.
A strong association between HLA-DR4 and adult seropositive RA has been observed in mgjority of populations.
In addition, there is evidence of a positive association between HLA-DR1 and RA. On the basis of prevalence
of DR1 (B1*0101) and of subtypes of DR4 (B1*0401, B1* 0404 and B1*0405), it has been suggested that a five
amino acid sequence motif (QKRAA/QRRAA) from position 70 to 74 in the third hypervariable region of DRp1
molecules is associated with susceptibility to RA. These associations between RA and HLA-DR genes are
however incomplete in that about 1/4 of patients do not carry RA-susceptibility DRB1 epitope. Since MHC class
[11 region contains genes that are involved in immune response, we have recently examined the role of a number
of microsatellites (D6S273, Bat2, TNFa) and HSP70 promoter region alleles in susceptibility to RA. The results
demonstrate that two regions in MHC, class Il (DRB1) and class Il (D6S273, HSP70, Bat2, TNFa) more

completely define the risk for development of RA.
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Rheumatoid arthritis (RA) is a chronic inflamma-
tory joint disease caused by autoreactive tissue-destruc-
tive immune response(s). RA is a relatively common
disease with worldwide distribution and an adult pre-
valence of approximately 1%. The disease occurs as
achronic articular inflammatory disorder characterized
by symmetric joint involvement and a variable fre-
guency of extra-articular features such as rheumatoid
nodules, vasculitis and scleritis. Although the precise
etiology of the disease is not yet known, it is clearly
multifactorial, with contributions from both genetic and
non-genetic factors. The development of RA, therefore,
depends on interactions between genetic elements in
a susceptible individual as well as non-genetic (e.g. in-
fective) factors. In the past two decades, considerable
progress has been made towards elucidation of the
genetic basis for susceptibility to RA. One major focus
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of these studies has been to identify genesin the major
histocompatibility complex (MHC), particularly theim-
mune response genes within the HLA class |l region,
which confer susceptibility to RA.

Major Histocompatibility Complex

The human MHC, located on the short arm of chro-
mosome 6 (6p21.3), includes genesin class | and class
Il regions that encode for class | (HLA-A, B, C) and
class Il (HLA-DR, DQ, DP) antigens®. The class IlI
region is located between class | and class Il regions
and contains genes that encode for proteinsinvolved in
immune response, e.g. TNF-A and B, three members
of the heat shock 70 (HSP70) family and the comple-
ment genes. The MHC region is characterized both by
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a high degree of polymorphism and by strong linkage
disequilibrium between different class I, class Il and
class 11l region alleles. For example, a number of ex-
tended haplotypes that carry different genes belonging
to these regions have been defined.

HLA class | and class Il antigens are heterotrimeric
membrane glycoproteins expressed on the cell sur-
face'®. The class | and class Il antigens differ with re-
spect to their structure, distribution and function. For
example, class | antigens are comprised of a polymor-
phic a chain of about 44 kDa and an invariant 3;-micro-
globulin (12 kDa) encoded by a gene on chromosome
15. In contrast, class Il molecules are composed of an
a chain of about 33 kDa and a polymorphic 3 chain of
28 kDa. In addition, there is an antigenic peptide asso-
ciated with class | and class || molecules. Class | anti-
gens, present on all nucleated cells and platelets, func-
tion in antigen presentation to cytotoxic T lymphocytes
and are primarily involved in cell-mediated cytotoxi-
city. On the other hand, class Il molecules are ex-
pressed on antigen-presenting cells, such as B lympho-
cytes and macrophages. They present antigens to
T helper lymphocytes and thus play a crucia role in
initiating specific immune responses and for the gener-
ation of the T cell repertoire in the thymus. The DR
antigens of class |1 region are comprised of a non-poly-
morphic a chain encoded by a single DRA gene, and
in most cases of two functional polymorphic (3 chains
encoded by two DRB genes. Of these, one gene
(DRB1) is highly polymorphic, while the other (DRB3,
DRB4, DRB5) shows little polymorphism. Nucleotide
sequence analysis has shown that most alelic vari-
ability isrestricted to 3 major diversity regions: the first
hypervariable region is clustered around residues 9-13,
the second around residues 25-38, and the third hyper-
variable region is clustered around residues 57-88. In
the third diversity region, most of the polymorphism is
centred around position 70. These polymorphic
residues correlate with functionally important sites
either on the 3 sheets or on the floor of the cleft or
along the a helices, as shown by crystallographic ana-
lysis of class Il molecules’. For example, most poly-
morphic residues in the first and second hypervariable
regions correlate with the 3 sheet conformation and lie
at the base of the cleft pointing into the cleft from the
[ sheets, whereas the polymorphic residues in the third
diversity region are located on the edge of the peptide
binding cleft. These residues may face towards the cleft
or upward away from the cleft, depending on their po-
sition in the a helix.

Based on polymorphismsin 3 hypervariable regions
of the (3 chains, a number of DR specificities (DR1
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through DR18), each with a number of aleles, have
been identified. Since DR molecules bind and present
antigenic peptides to T cells, the polymorphisms in
DRB genes have functional consegquences. For example,
polymorphismin thethird hypervariable region influen-
ces antigenic peptide binding aswell asinteraction with
a T cell receptor molecule. It has been shown by re-
sponses in mixed lymphocyte culture assay that the
serologically defined determinant DR4 is heterogenous
and comprises a number of aleles (e.g. Dw4, Dw10,
Dw13, Dw14, Dw15) that differ for residuesin the third
hypervariable region. These results suggest that the
third diversity region differences even at a single posi-
tion on the peptide binding cleft in the a helical region
can influence T cell responses.

There is strong linkage disequilibrium between the
aleles of the DR and DQ subregions. For example,
DR3 is associated with DQ2, and DR4 is associated
with DQ7 and with DQ8.

The MHC class Il region contains genes that en-
code proteins, such as the complement proteins C2,
factor B and C4, members of the HSP70 family, and
the cytokines tumor necrosis factor (TNF) and lym-
photoxin A and B. In addition, over 50 genes, including
microsatellite markers, have been located in the class
[l region.

Class I Region and Susceptibility
to Rheumatoid Arthritis

In the past 20 years, hundreds of original research
papers, some with conflicting results, and a number of
review articles have been published which address the
role of class Il antigens in the development of RA. To
meet the space requirements of the present review, we
have chosen to cite only those review articles, which
contain references to all the original papers and which
address pertinent issues such as association of DR
genes with susceptibility to RA in different ethnic
groups and the identification of the RA-susceptibility
QKRAA/QRRAA epitope. The role of class |1 region
antigens in susceptibility to RA will be reviewed in 3
areas. 1) HLA-DR genes and RA; 2) HLA-DM genes
and RA; and 3) levd of expression of DR genes and RA.

HLA-DR genes and RA. The association of RA with
both HLA-DR4 and its subtype Dw4 was first defined
by Srastny?. Subsequently, the association between
adult seropositive RA and DR4 has been observed in
a mgjority of populations belonging to different ethnic
groups, including North American and Northern Euro-
pean Caucasians, North American Blacks, Japanese and
Hispanics, athough some exceptions, e.g. Jews, Arabs,
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Table 1. Amino acid differences in the third hypervariable region of HLA-DR4, DR1, DR14-Dw16 and DR10 DRB1 genes

DR DRB1 Amino acid position

specificity gene 67 68 69 70 71 72 73 74
DR4 Dw4 B1*0401 L L E Q K R A A
DR4 DW10 B1*0402 | - - D E - - -
DR4 Dw13 B1*0403 - - - - R - - E
DR4 Dw14 B1*0404 - - - - R - - -
DR4 Dw15 B1*0405 - - - - R - - -
DR1 Dw1 B1*0101 - - - - R - - -
DR14 Dw16 B1*1402 - - - - R - - -
DR10 B1*1001 - - - R R - - -

L — leucine, E — glutamic acid, Q — glutamine, K — lysine, R — arginine, A — aanine, | — isoleucine. Dashes indicate identity with DR4

Dw4 (B1*0401) dlele.

Yakima Indians, have been documented” 1% 4 15 24,
The most probable explanation for these differences is
the prevalence of subtypes of DR4 (Dw4, Dw1l0,
Dw13, Dw14, Dw15) in these ethnic groups. These
subtypes show variations in the third hypervariable re-
gion of the DRB1 chain (Table 1). It is evident that the
Dw10 (B1*0402) sequence, present in high frequency
in the Israeli population, is different from other DR4
subtypes in that it carries 2 negatively charged residues
(D and E) at positions 70 and 71. Similarly, Dw13
(B1*0403) has a negatively charged residue (E) at po-
sition 74. On the other hand, Dw4 (B1*0401), Dw14
(B1*0404) and Dw15 (B1*0405) have similar sequen-
ces. Of these, Dw4 and Dw14 are associated with RA
in Caucasians, and the Dw15 subtype found predomi-
nantly in Japanese is also associated with RA. In con-
trast, the Dw10 and Dw13 subtypes do not confer risk
for development of RA. This region of the DR4 mole-
cule (QKRAA/QRRAA), therefore, seems to be asso-
ciated with susceptibility to RA.

This observation is further supported by analysis of
the non-DR4 aleless DR1 Dwl (B1*0101), DR14
Dw16 (B1*1402) and DR10 (B1*1001), which share
the sequence QKRAA/QRRAA from positions 70 to 74
with Dw4, Dw14 and Dw15 (Table 1). A number of
investigators observed an increased prevalence of DR1
in RA patients of Caucasian, Jewish, Asian, Greek and
Mexicanorigin” . In contrast, almost an equal number
of reports did not observe an increase in frequency of
DR1 in RA patients'® °. Investigations from our
laboratory on relatively homogenous groups of RA pa-
tients, based on the severity of the disease and the pa-
tient's response to disease-modifying drugs, showed
that DR1 was increased only in patients mildly afflicted
and not in patients with severe RA* ¥, Similarly, DR10
has a so been found to be associated with RA. In addi-
tion, DR14 Dw16 has been associated with suscepti-
bility to RA in Yakima Indians.

In summary, 4 groups of DRB genes: DR1, DR4
(Dw4, Dw14, Dw15), DR10 and DR14 (Dw16), have
been found to be associated with RA in various popu-
lations. All these DRB1 genes share a common amino
acid sequence motif, QKRAA/QRRAA, at positions 70
to 74 in the third hypervariable region. This structural
motif is therefore implicated in an aberrant immune
response involved in the development of RA.

Although DR4 is associated with adult seropositive
RA, discrepancies exist with respect to seronegative
RA. Gran and Hussy® considered these discrepancies
due to differences in the diagnostic criteria used for
patient selection. These authors then set out diagnostic
criteria for seronegative RA: follow-up for at least
3 years, during which at least 3 testsfor IgM RF should
be negative, joint erosions and exclusion of patients
with clinical or radiological evidence or a family his-
tory of ankylosing spondylitis, reactive arthritis, psori-
atic arthritis or inflammatory bowel disease. Studies
that met these diagnogtic criteria showed a remarkable
concordance of reaults, i.e. increased prevalence of DR4
in seronegative RA*. Both seropositive and seronega-
tive RA may therefore share the same immunogenetic
basis.

We have described a significantly higher prevalence
of DR4-associated DQ7 in RA patients who had moder-
ately severe affliction. Similarly, a higher prevalence of
DR4-associated DQ7 has been described in RA patients
with severe affliction with nodules or erosions and in
Felty’s syndrome. Some investigators did not observe
an increase in DR4-associated DQ7 in RA; the clinical
status of the patients was, however, not defined in these
studies. A critical analysis of the available results sug-
gests that these differences may be due to the severity
of the disease in that DR4-associated DQ7 is increased
only in patients with severe affliction® *°,

HLA-DM genes and RA. Since HLA-DM (DMA
and DMB) genes, located in the class Il region, are
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involved in the class Il antigen presentation pathway,
we and others examined the contribution of these gene
polymorphisms in susceptibility to RA % % No dif-
ferencesin the prevalence of DMA and DMB allelesin
RA patients and normal controls were observed in
Chinese, Japanese and Caucasian populations. These
genes, therefore, do not appear to play arolein suscep-
tibility to RA.

Level of expression of HLA-DR genes and RA. Since
RA is an autoimmune disease involving tissue-destruc-
tive immune responses, it is likely that an aberrant im-
mune response(s) due to the level of cell surface ex-
presson of DR molecules plays a role in RA
susceptibility. In fact, an aberrant expression of classl|
molecules on synovia and on T yd cells in synovia
fluid, and a higher proportion of DR- and Tac-bearing
T cells have been reported in patients with RA. We
therefore examined the role of cis-acting (promoter re-
gion) elements and trans-acting (nuclear proteins) fac-
tors on the expression of DR molecules. Although we
observed functional allelic polymorphisms in the con-
served consensus motifs (X1, X2, Y, CCAAT and
TATA) and in spacers between these boxesin the DRB
gene promoters, no RA-specific variation was observed
in the promoter regions of DRB1 genes'® °. On the
other hand, we observed differences in DNA-protein
interactions between Y box oligonucleotides and trans-
-acting nuclear proteins from B cell lines from RA pa-
tients as compared to norma controls?t. The results
showed that 50% of the RA patients lacked the NF-Y
protein, which binds to the Y box with an inverted
CCAAT sequence. In contrast, NF-Y was detected in
al normal controls. The absence of the NF-Y protein
and/or the presence of the RA-susceptibility QKRAA/
/IQRRAA epitope gave the highest RR value reported
so far for suceptibility to RA. More studies are, how-
ever, necessary to elucidate the role of trans-acting nu-
clear proteins in development of RA.

Class |11 Region and Susceptibility to
Rheumatoid Arthritis

Since the MHC class 111 region contains genes that
areinvolved in immune responsg, it has been suggested
that these genes are good candidates for the develop-
ment of RA. For example, HSP70 proteins have been
suggested as playing arole in the self-surveillance and
susceptibility to autoimmune diseases, including RA™.
In fact, it has been demonstrated that HSP70 proteins
specifically bind to the QKRAA motif in DRB1* 0401
(DR4 Dw4) and RRRAA in DRB1*1001 (DR10).
However, polymorphismsin the HSP70 gene, including
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that in the HSP70 promoter, showed no independent
association with RA®. Similarly, although an associa-
tion between the TNF-lymphotoxin subregion and sus-
ceptibility to RA has been observed in multiplex
families, no independent association between TNFa
microsatellite alleles and RA has been found® - 23,

We investigated the role of microsatellite D6S273,
located in the HSP70-Bat2 region, in the development
of RAY. We observed that two D6S273 microsatellite
aleles (132 and 138) showed significant differencesin
their prevalence in RA patients as compared to normal
contrals; alele 132 was significantly higher in total and
in DRB1 QKRAA/QRRAA epitope-positive patients,
and allele 138 was significantly higher in QKRAA/
/QRRAA-negative patients. Analysis of the data sug-
gested that the association of D6S273 132 allele with
RA was secondary to that of DRB1 genes. On the other
hand, D6S273 138 allele had primary association with
RA susceptibility in QKRAA/QRRAA epitope-nega-
tive patients. We extended these studies to microsatel-
lite Bat2 alleles, adso located in the HSP70-Bat2
region'®. Bat2 138 allele, which is in linkage disequili-
brium with D6S273 138 alele, also showed primary
association with disease susceptibility in DRB1
QKRAA/QRRAA epitope-negative patients. These
studies showed that the class |11 region contributes to
susceptibility to RA, and D6S273 138 and Bat2 138
alleles provide additional markers for the devel opment
of RA.

Recently, we extended these data to additional gene
(microsatellite TNFa and HSP70 promoter region)
polymorphisms to obtain afine mapping of the RA sus-
ceptibility gene(s) in the class 111 region and to identify
the class 111 region haplotype that causes susceptibility
to RA. Four class Ill region dleles, D6S273 138,
HSP70c, Bat2 138 and TNFa2, showed association
among themselves and with DR3 with significant link-
age disequilibrium. We then identified the class I, class
Il and class 111 region extended haplotype A1-B8-DR3-
-D6S273 138-HSP70c-Bat2 138-TNFa2. Since the as-
sociation between these class | and class Il (A1, BS,
DR3) and class Ill (D6S273 138, HSP70c, Bat2 138
and TNFa2) alleles was not absolute, we examined the
relative roles in susceptibility to RA of 3 haplotypes:
1) A1-B8-DR3, 2) A1-B8-DR3-D6S273 138-HSP70c-
-Bat2 138-TNFa2, and 3) D67S273 138-HSP70c-Bat2
138-TNFa2. The results showed that the class |11 region
haplotype D6S273 138-HSP70c-Bat2 138-TNFa2 has
primary association with RA in DRB1 QKRAA/
/IQRRAA epitope-negative patients. Furthermore, the
RR value and the level of significance of association of
this haplotype with RA are higher than those observed
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with the alleles D6S273 138 and with Bat2 138. Since
this haplotype has primary association with RA suscep-
tibility and since the QKRAA/QRRAA DRBL1 epitope
does not provide any risk in this group of patients, our
results suggest that this haplotype provides additional
risk for susceptibility to RA. In addition, it is evident
that the DRB1 QKRAA/QRRAA epitope and the class
[l region haplotype D6S273 138-HSP70c-Bat2 138-
-TNFa2 more completely define the risk for develop-
ment of RA. These data, therefore, demonstrate that
two regions in MHC, class Il (DRB1) and class Ill
(D6S273, HSP70, Bat2, TNFa), contribute to suscepti-
bility to RA.
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