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HLA-B27 subtypes: implications for the spondyloarthropathies

Nineteen years after its discovery, the strong association
between HLA-B27 and the spondyloarthropathies remains
an enigma. Several reviews have dealt with the molecular
biology of B27,'-3 and Schwartz4 and Ivanyis have given
lucid accounts of hypotheses for the mechanism of the B27-
spondyloarthropathy association. Discussion here concen-
trates on the HLA-B27 subtypes and their implications for
postulated disease mechanisms.

HLA-B27 structure, function, and subtypes
Seven B27 subtypes are defined by DNA sequence.6 Six of
these differ by charged amino acids and can be discriminated
by isoelectric focusing.7 From basic to acidic they are
designated B*2701 (isoelectric point (pl) 5-94) to B*2706
(pI 5-57). The seventh (B*2707, formerly 'B27HS') has an
isoelectric point close to that of B*2701, but its DNA
sequence differs by eight amino acids.8 All the subtypes are
recognised by conventional human post-partum B27 anti-
sera. Subtypes have also been detected by mouse monoclonal
antibodies and human antisera,9 alloreactive cytotoxic T
lymphocyte lines' " and clones,' and at the DNA level by
sequencing or hybridisation with complementary oligo-
nucleotides. 2 About 90% of B27 positive European
caucasoids are B*2705 (formerly B27-1, B27w or B27a; pl
5-66). B*2707 was found in an Asian Indian family and
probably results from recombination between B*2705 and
another HLA-B gene. The other subtypes have arisen from
B*2705 by point mutations, the sites of which are shown in
the figure. The second most common caucasoid subtype is
B*2702 (B27-2, or B27K, or B27e; pl 5 80), which differs
from B*2705 by three substitutions: Asn for Asp at amino
acid position 77, Ile for Thr at 80, and Ala for Leu at 81.
B*2703 is limited to black subjects (among whom HLA-B27
is unusual), and B*2704 and B*2706 to oriental subjects.
B*27017 and B*2707 have each been found by one group in
single kindreds, and have yet to be detected in other
published surveys.
The tertiary structure of HLA-B*2705, determined by

x ray crystallography,'3 is similar to that of HLA-A2'4 and
HLA-A68,'5 with a central, peptide binding cleft between (e
helices (figure). Unlike A2 or A68, a salt bridge spans the
cleft. It is likely that the other subtypes have a similar
overall configuration. The main peptide cleft has six smaller
side pockets (designated A-F)--notably, an acidic,
hydrophilic recess extending under the (X1 helix (left hand
end of the upper helix in the figure) towards residue 45, the
'45' or B pocket. 16 Peptides bound to B27 extend along the

groove, and B27 and peptide form a tight complex with the
peptide side chains interacting with complementary sites on
B27. Eleven peptides eluted from B*2705 and the previously
known B27 restricted viral peptides share striking features'7:
they are positively charged nonamers with an invariant
arginine residue at position 2 (P2), extending into the B
pocket and interacting with a cysteine residue at position 67
on B27. P1 and P9 are usually positively charged, P3 is
hydrophobic, and P6 favours a non-polar or small polar
residue. Several B*2705 restricted peptides can be bound
and presented by some B*2702 cell lines,'8 but detailed
peptide data for other subtypes are lacking.

Breur-Vriesendorp and colleagues found that the B27
subtype distribution in Dutch caucasoid and oriental
patients with ankylosing spondylitis was similar to that in
healthy controls." We have recently confirmed this obser-
vation in caucasoid British patients, and extended it to
reactive arthritis and to small numbers of Asian Indian
patients with spondyloarthropathies (MacLean et al,
unpublished data). A Spanish study found that the same
proportion of subjects in B27 positive healthy groups and
groups with ankylosing spondylitis and Reiter's syndrome
reacted with the B27M2 monoclonal antibody,'9 which
recognises B*2705 but not B*2701 or B*2702. The original

Positions ofamino acid residues determining HLA-B27 subtypes;
B*2707 not shown. Ribbon representation ofamino acid chains, modelled
on HLA-A2 crystallographic structure. Structures shown on the kefi
hand side ofthe molecule, spatially removedfrom the amino acids which
determine subtype, are likely to be involved in spondvloarthropathies.
(Modifted and reproduced, with permissiwn, from reference 1.)
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B'2701 'proband' had advanced, teenage onset ankylosing
spondylitis (Choo S Y, personal communication). Using
subtyping with cytotoxic T lymphocytes and isoelectric
focusing, the Dutch study found both B '2704 and B*2706
in oriental subjects with ankylosing spondylitis."

Although the subtype distribution in non-white subjects
and in patients with spondyloarthropathies other than
ankylosing spondylitis needs clarification by further study,
the information now available indicates that spondylo-
arthropathies occur in at least five B27 subtypes. At a
molecular level this implies that the portions of the HLA-
B27 molecule which determine subtype are not critically
involved in disease pathogenesis. The pathogenic features
must be unique to B27, as compared with other HLA
molecules, but shared between the subtypes. When
individual amino acid sites are considered, only the lysine
residue at amino acid position 70 fulfils these criteria.8
Alternatively, a combination of spatially related residues at
positions 9 (His), 45 (Glu), 67 (Cys), 70 (Lys), 71 (Ala), and
97 (Asn), all to the left hand portion of the molecule as
shown in the figure and close to the B pocket, can define
B27. 16 With the exception of the position 59 substitution on
Bff 2703 and the position 97 substitution on B*2707 (antigens
whose relation to spondyloarthropathies is unknown), the
residues determining subtype are physically distant from
this portion of the molecule. What implications does this
have for the different B27-spondyloarthropathy models?

Mechanisms for the spondyloarthropathy-HLA-B27
association
LINKED GENE MODEL
There are at least 40 non-HLA genes in the human major
histocompatibility complex. Susceptibility to spondylo-
arthropathies might be due to an adjacent 'disease sus-
ceptibility gene'20 rather than to B27 itself. On the basis
either of amino acid sequence' or of cytotoxic T lymphocyte
recognition' some of the B27 subtypes are as different from
each other as are discrete polymorphic HLA alleles, and a
large proportion of HLA polymorphism predates human
speciation.2' The racial distribution of the B27 subtypes
implies a more recent origin, but their precise antiquity is
open to speculation. In the linked gene model the disease
susceptibility gene must have arisen earlier in human
evolution than the subtypes, and then subsequently con-
served in close approximation to the B27 gene. Alternatively,
it might have arisen independently in association with
each of the spondyloarthropathy linked subtypes. Although
not impossible, these options seem unlikely. The HLA-B27
transgenic rat model of spondyloarthropathies is also
suggestive of a direct role for B27,22 and most workers now
favour involvement of B27 itself in spondyloarthropathies.

PATHOGENIC PEPTIDE
The physiological function of HLA antigens is the presen-
tation of processed antigenic peptides to the T cell receptor,
to trigger the 'cellular' arm of the immune system. B27
might have a unique ability to present a particular 'patho-
genic peptide'. This might alter the potential immune
response repertoire through self tolerance of a B27 plus
endogenous peptide complex, or initiate an immune
response not possible with other HLA alleles. In this model
the pathogenic peptide would need to be presented by all
the B27 subtypes associated with the spondyloarthropathies.

Hill and colleagues speculated that the predominance of
HLA-B' 2703 in B27 positive Gambian black subjects might
explain the rarity of spondyloarthropathies in this popu-
lation. 2 B '2703 differs from B-*2705 by a siiigle amino acid
substitution (Tyr to His) at position 59. Amino acid position

59 faces the peptide binding cleft and is physically distant
from residues determining other (spondyloarthropathy
linked) subtypes. B '2703 shares the regions whose unique-
ness to B27 is central to other pathogenic models (see
below). Thus although other genetic and environmental
factors might equally be involved in the paucity of spondylo-
arthropathies in African black subjects, this favours the
pathogenic peptide model. HLA-B27 molecules require the
presence of antigenic peptide to assemble and fold cor-
rectly,23 and additional indirect evidence for this model
comes from the observation that the B'2705 transgenic rats
show a dramatic rise in B27 expression with the onset of
spondyloarthropathy-like disease.24 On the other hand,
Breur-Vriesendorp et al found that B*2705 restricted,
influenza specific cytotoxic T lymphocytes recognised
infected B*2703 cells, and vice versa, arguing against a
significant effect of the position 59 mutation on peptide
binding.25

MOLECULAR MIMICRY
A six amino acid sequence homology between B27 and the
iron binding component of the Klebsiella pneumoniae nitro-
genase reductase enzyme complex has been proposed as
evidence supporting 'molecular mimicry' in the spondylo-
arthropathies.26 The hexapeptide homology was with B '2705
only, however; pentapeptide homology with B*2702 was
common to several other (not disease associated) HLA
alleles. It is conceivable that alternative mechanisms
account for spondyloarthropathies in patients with other
subtypes, just as we cannot escape the fact that spondylo-
arthropathies occur in B27 negative subjects. Other
reported B27 enterobacterial sequence homologies are not
limited to B*2705, but again are common to HLA alleles not
linked with spondyloarthropathies.

RECEPTOR MODEL
Geczy's demonstration of a cross reaction between certain
enterobacteria and B27 positive ankylosing spondylitis cells
(but not with healthy B27 or B27 negative ankylosing
spondylitis cells), and the ability of plasmid coded, low
molecular weight, bacterial components to modify normal
B27 cells such that they share this cross reaction27-the
basis of the 'receptor' hypothesis-has not been reliably
reproduced. The three dimensional structure of HLA
molecules and their presumed physiological function in
binding peptides are entirely compatible with action as a
receptor; whether B27 offers anything unusual in this
respect remains to be determined.
The sulphydryl (-SH; thiol) bearing side chain of the

unpaired cysteine at amino acid position 67 is an attractive
candidate for a binding site for exogenous products,28 and
this cysteine is critical to the antigenic structure of B27.29
The adjacent positively charged lysine side chain (-NH') at
amino acid position 70, shared between the spondyloarthro-
pathy linked subtypes and so far unique to B27, may favour
a more reactive -S' cysteine variant at position 67.30
Although the B27 crystal structure suggests that the
sulphydryl side chain would be buried beneath processed
antigenic peptide,'3 Benjamin et al have evidence that a high
proportion of cell surface B27 molecules lack bound
peptide.3' Thus even if the crystallographic structure
accurately reflects B27 in vivo, a proportion of sulphydryl
sites would be accessible.

ALTERED SELF
In the 'altered self' model, local oxidative variants of the
sulphydryl side chain of the position 67 cysteine30 are
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sufficient to provoke an immune response, by resembling a
foreign antigen or by binding a non-standard peptide.
Assessment of the oxidative state of this cysteine has proved
technically difficult. Attempts to measure the effect on B27
antigenicity of reagents which bind sulphydryl yielded
poorly reproducible results, with the effect varying
according to the methods used.32 3 Flow cytometry sug-
gested that less than 300/o of cell surface B27 molecules have
an accessible reactive cysteine. Alternative methods will be
required to characterise this site further.

In summary, the existence of spondyloarthropathies in
multiple HLA-B27 subtypes strongly supports the
involvement of the B27 antigen itself directly in the disease
process, and argues against the significance of microbial
sequence homology with a single subtype. Features of the
HLA-B27 molecule shared between the disease linked
subtypes, but unique to B27 among HLA antigens, are
involved in the pathogenesis of spondyloarthropathies. The
main existing hypotheses (pathogenic peptide, receptor,
molecular mimicry, and altered self) remain equally
plausible, and B27 subtyping has been unhelpful in
favouring any one mechanism. Although theoretically
attractive, there is no prima facie evidence that B27 causes
disease by a 'conventional' action as a peptide presenter.

I thank Dr J R Archer for helpful comments.
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