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Abstract

Introduction: Spondyloarthropathies are a heterogenous group of rheumatic disorders that commonly present with axial skeleton or
sacroiliacjointsinvolvement. Ocular involvement like uveitis, iritisand conjunctivitis can be present in up to a third of the patients. Genetic
factorsplay a part in the pathogenesis of spondyloarthropathies. Association with the HLA-B27 gene, especially that between ankylosing
spondylitisand HLA-B27 antigenic positivity, is one of the strongest association seen between a disease and a Class | antigen. This paper
aims to review the frequencies of HLA-B27 gene and its subtypes in different population groups, possible mechanisms leading to the
development of joint inflammation and the risk it confers for development of spondyloarthropathies. Methods: The MEDLINE database
wassear ched using keywords: HLA-B27, spondyl oarthropathy, molecular mimicry, arthritogenic peptides, reactivearthritisand ankylosing
arthritis. Related articlesfor selected paperswere also consulted. Books on HLA-B27 and spondyloarthropathy were obtained through the
NUSMedical Library’sLINC system. Results: Thegenetic subtypesand susceptihbility to devel opment of diseasevaryin different population
groups. Other HLA genes and non-HLA genes also play a part in the development of spondyloarthropathies, especially in those who are
HLA-B27 negative. HLA-B27-positiverelatives of spondyloarthritics have a higher risk of developing a similar condition. The presence of
the HLA-B27 genemay serve asan aid to diagnosisor prognosisfor clinicians. In juvenile arthritic patients, it isa poor prognostic factor,
predictingfor diseaseseverity. I tisalso associated with poor outcomesfor patientswith anterior uveitis. However screening of asymptomatic
individualsfor theHLA-B27 geneisnot recommended. Conclusion: Thepolygenicnatureof thediseaseneedsfurther elucidation and study.
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I ntroduction

The spondyloarthropathies (SpA) comprise a hetero-
genous group of conditions that include ankylosing
spondylitis (AS), psoriatic arthritis, reactive arthritis/
Reiter’ s syndrome, arthritis associated with inflammatory
bowel diseaseand pauciarticular, late-onset juvenilechronic
arthritis* Undifferentiated forms of the disease are also
present.? Enthesitis, sacroilitisand spondylitisare common
clinical features and serologically, the salient feature is a
lack of rheumatoid factor positivity. Extra-articular
involvement e.g. ocular manifestationslikeuveitis, iritisor
conjunctivitis can occur in up to 30% of these patients.®
Possible organ involvement are as outlined in Table I. An
interesting feature of this group of conditionsisthe assoc-
iation with the HLA-B27 gene, amajor histocompatibility
complex (MHC) Class | gene. The linkage is strongest
between HLA-B27 and AS, and is first described
independently by 2 research groupsin 1973.4°Over 90% of
AS patients are serologically positive for this antigen and
this strong associ ati on transcend most popul ation groups.®

® There are, however, some notable exceptions e.g. in
middle-eastern countries like Kuwait, Lebanon, Saudi
Arabiaand United Arab Emirates.!>'? To date, thereareup
to 16 alleles of the HLA-B27 gene reported and their
prevalence vary in different population groups. Some of
these antigenic subtypes are not associated with
susceptibility to development of SpA. Apart from genetic
factors, interactionswith environmental agentse.g. bacteria
are also important for the development of spondylo-
arthropathies. Studies on transgenic mice have allowed us
to understand some of the possible mechanisms e.g.
molecular mimicry, arthritogenic peptide, by which the
gene-environment interactions can lead to devel opment of
disease.

Population Frequencies of HLA-B27 Gene and
Prevalence of Spondyloarthropathies

The highly polymorphic HLA-B gene, situated in the
Class| region of the major histocompatibility complex, is
located on the short arm of chromosome 6 (Fig. 1). The
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Fig. 1. Major histocompatibility complex—Class | region.

reported alleles ranged from B*0702 to B*8201. The
HLA-B27 gene had 16 alleles' described to date (B* 2701
to B*2716). The frequencies of the HLA-B27 gene differ
among different population groups. In a survey of 275
genomicDNA samples, obtained fromhealthy Singaporean
Chineseindividuals, agenefrequency of 6.2%wasfound.*
Table Il shows the prevalence rates in some population
groups. Theprevaencerangedfrom0%incentral Australian
aboriginalsto a high of 40% in Siberian Eskimos.’>!¢ The

TABLE |I: EXTRA-ARTICULAR INVOLVEMENT IN SPONDYLO-
ARTHROPATHIES

Cardiovascular Aortic insufficiency
Conduction defects
Myocarditis

Pericarditis

Circinate balanitis
Erythema nodosum
Keratoderma blennorrhagica

Cutaneous

Ocular Conjunctivitis
Iritis
Uveitis

Pulmonary Apica fibrosis

TABLEII: HLA-B27 ANTIGENIC PREVALENCE IN SOME
POPULATION GROUPS

Population group Prevalence
Australian Aborigines 0%
Uzbeks 3%
Micronesians (Guam) 5%
Vietnamese 9%
Tibetans 12%
Northern Scandinavians 16%
Melanesians (Vanuatuans) 23%
Siberian Eskimos 40%
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highest prevalence of 50% and 52% were found in the
Haidapopulation*” and anisolated community inthe Papua
New Guinea,*®respectively. Prevalenceof SpA inaspecific
population group seemsto be correl ated with thefrequency
of the HLA-B27 gene in that population group. In
epidemiological studies'®?! of 4 indigenous population
groupsintheAlaskan and Siberian regions, wherethegene
frequenciesranged from 25%t040%, theoverall prevalence
of SpA was high (2% to 3.4%). Further analysis of the
HLA-B27 positive individuals showed an even higher
overall SpA rate of 4.2%. Among theHaidanativelndians,
another group with high popul ation frequency of the HLA-
B27 gene, they have a reported prevalence of 4% of
definite ASamong itsadult males.?? At the other end of the
spectrum, AS was noted to be absent among the central
Australian aboriginals of unmixed ancestry and parallels
the absence of the HL A-B27 gene among them.®> A recent
study of blood donors of the Berlin population showed a
geneticfreguency of 9.3%withanestimated SpA prevalence
of 1.9%.%2 This further augments the observation of a
correlation between the popul ation frequency of the HLA-
B27 gene and the prevalence of SpA.

HLA-B27 Subtypes

Frequencies of specific HLA-B27 alleles differ among
different population groups. The HLA-B*2705 allele is
present in various population groups. They are the
predominant alele in the North American natives and
African Americans.’® The 2 commonest alleles found in
Chinese, Japanese and Asian Indians were HLA-B*2704
and 2705 allele.?*2¢ Among Asian Indians, it wasnoted that
the HLA-B*2704 was the predominant subtype in AS
patientsand B* 2705 wascommonest intheundifferentiated
spondyloarthropathies group. Table Il summarises the
common HLA-B27 aleles in some population groups in
the Americas, Africa, Indian subcontinent, Asia and
Southeast Asian region. HLA-B* 2705 (90.2%) and * 2702
(9.8%) were the subtypes detected in a group of Danish
blood donors.?” Bothwerenot significantly associated with
AS. Thealele HLA-B*2703 is present in Gambians from
West Africaand is not associated with the devel opment of
spondyloarthropathies.?® The HLA-B*2706, found in
Indonesian, Singaporean and Thai population groups, -t
has been postulated to have a “protective” effect.
Indonesians of Chinese descent was noted to have amuch
higher prevalence of AS than native Indonesians, the
difference being HLA-B*2706 occurring as the
predominant subtype in the latter group.® This seems to
supportthehypothesisthat HL A-B* 2706 hasa* protective’
effect. However, a recent study on 2 families of mixed
Chinese/Indonesian origin suggests that the allele, though
not associatedwith AS, also doesnot exert any “ protective”
effect. Heterozygotes B* 2704/B* 2706 members develop



372 Genetics of Spondyloarthropathies—K Y Fong

TABLE IIl: COMMON HLA-B27 ALLELESIN VARIOUS
POPULATION GROUPS

Population group Predominant alele

North American Natives *2705
African Americans *2705
West Africans *2703
*2705
Euro Caucasoids *2702
*2705
Chinese *2704
*2705
Northern Indians *2704
*2705
Japanese *2704
*2705
Thais *2704
*2706
Indonesians *2704
*2705
*2706

spondyloarthropathies despite the supposed “ protective’
effect of theB* 2706 allele.* AlleleB* 2708 isnot common
among the general population andisnot usually associated
with development of spondyloarthropathies. In a recent
report, it was however shown to be associated with ASin
alarge family from the Azores.>* A closely related allele,
B*2712, was detected in a Caucasian Spanish family and
does not seem to confer susceptibility to the development
of spondyloarthropathies.®

I nfluence of other HLA Genes and non-HL A Genes

The HLA-B27 gene, though associated with the
devel opment of spondyloarthropathies, isnot presentinall
patients. TablelV summarisesthe prevalenceof HLA-B27
in different patient groups. The strongest association is
seen between the geneand AS, and is probably the disease
genein ankylosing spondylitis patients. However, thereis
still asubset of patientswithout the HLA-B27 geneand yet
manifest theclassical featuresof AS.% Hence, thepresence
of the HLA-B27 gene alone cannot explain all cases of
spondyloarthropathies, even in clinically definite AS
patients. Other genetic factors, either HLA or non-HLA
genes, are probably involved, especially in the subset of
HLA-B27-negative spondyloarthritic patients. HLA-A9
(A*2402) has been identified as a secondary susceptibility
marker for Basque AS patients*” and HLA-B7 was
associated with HLA-B27-negative AS in a subgroup of
American blacks.® In Japanese HLA-B27-negative AS
and pauciarticular juvenile rheumatoid arthritis patients,
the HLA-B39 was found to be significantly more frequent
than healthy controls.* Recent studies showed that HLA-

TABLE IV: SPONDYLOARTHROPATHIESAND HLA-B27
ANTIGENIC PREVALENCE

Condition HLA-B27 prevalence
Ankylosing spondylitis >90%
Juvenile chronic arthritis 85%
Reactive arthritis/Reiter’s syndrome 75%
Enteropathic arthritis 50%
Psoriatic arthritis <50%

B27 and B39 recognise overlapping peptide repertoires,
indicating that peptides presented by both may play arole
inthe pathogenesis of SpA.“4 Inafamily study of afather
and son, both of whom have HLA-B27-negative AS,
HLA-B40wasidentified asthe probableallel econtributing
toincreased susceptibility to development of AS.#2 Among
HLA-B27 patients, other HLA alleles may accentuate the
risk. Heterozygotes for HLA-B27 and HLA-B60 were
noted to have a 3-fold increased risk of developing AS
when compared to heterozygotes with HLA-B27 and
another HLA-B type.®® However, in HLA-B27-negative
Caucasian and Mexican Mestizo AS patients, the HLA-
B39 or B60 association was not detected.** The major
histocompatibility complex class I-related chain gene
(MICA), MICA-002, allele was noted to be present in
significantly higher frequency in psoriatic patients with
arthritis and is independent of the primary genetic HLA
marker (Cw*0602) for psoriasis.®® A similar association
exists between the MICA gene and Behcet's disease.*
However, 2 studies involving AS patients did not
demonstrate that the MICA gene exert an independent
effect on the pathogenesis of AS.#"%¢ The HLA-C locus
antigens, Cwl and Cw2, demonstrated strong linkage
disequilibrium with HLA-B27 but do not confer
independent susceptibility for development of AS.* Among
theClassl| antigens, HLA-DRB1* 08wasfoundtoinfluence
the phenotype of spondyloarthritisin Mexican Mestizo but
not in Caucasians.®® HLA-DR12 was increased in agroup
of AS-associated anterior uveitis Japanese patients but that
is probably due to linkage disequilibrium with HLA-
B*2704 dlele’ In an analysis of 363 white British AS
patients for the effect of DR genes, it was concluded that
DR genesmay haveonly aweak effect on susceptibility but
do not affect disease severity or clinical manifestations.®
Associationswiththetumour necrosisfactor al pha(TNFo)
promoter region polymorphismshavebeenreported. Hohler
et al* found a significant decrease in the variant promoter
alleles TNF -238.2 and TNF -308.2 and postulated that
thesevariant allelesmay haveaprotectiveeffect. However,
the possibility of linkage disequilibrium cannot be totally
ruled out. McGarry and co-workers® recently showed that
the TNF -308.1 allele was associated with ankylosing
spondylitis independent of HLA-B27. The TAP gene has
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al so been studied and its polymorphism was not associ ated
with development of AS.* Using more than 200 highly
polymorphic microsatellite markers, Brown et al>® genome
scanned 105 families and provided evidence indicating
that apart from 6p, regions in chromosomes 4q and 16q
showed linkage with AS. Further studies in these regions
will probably yield a better understanding of the
contributions of non-HLA genes to the pathogenesis of
spondyloarthropathies.

Gene-Environmental Agents Interactions

The presence of the susceptible gene does not aways
|eadto devel opment of someform of spondyloarthropathies.
Hence, environmental triggers or influences do play
significant rolesin the pathogenetic process. Taurog et al*”
reported that agerm-free state prevents devel opment of gut
and joint inflammation in HLA-B27 transgenic rats, and
thiswas later confirmed in another study by Rath and co-
workers.%® The latter study also demonstrated that normal
intestinal bacteria which contained Bacteroides spp can
induce gut inflammation and arthritis in the HLA-B27/
human 3, microglobulin transgenic F344 rats. Pathogenic
organisms like Yersina, Salmonella and Campylobacter
are well recognised to be associated with reactive arthritis
in man. Molecular mimicry between bacterial heat shock
protein 60 (hsp60) from Yersina enterocolita and self-
hsp60 has been postulated as the mechanism for
development of reactive arthritis.®® In other studies,
“arthritogenic” peptides, which may be of unusual length
orlackingHLA-B27 canonical residues, havebeen detected
after Shigellainfection.® These peptides may beimportant
in disease pathogenesis by eliciting an immune response.
The HLA-B27 molecule has a B pocket (P2) which is
unique in presenting a cysteine-reactive residue (Cys67),
and rats with a mutant B27 with a Ser67 substitution of
Cys67 have a lower prevalence of arthritis.®* The exact
roles that these factors play in the pathogenesis of
spondyloarthropathies are yet to be fully worked out.

Disease Marker or Disease Gene?

Genetic associations can occur because of linkage
disequilibrium.®? This is the result of close proximity of
geneticloci, whichcanthenleadtonon-random segregation
during chromosomal crossovers. They are not the actual
disease susceptibility genebut are close to them. However,
theusua findingisthedetection of a“weak” to“moderate”
association. The strong association between spondylo-
arthropathies and the HLA-B27 gene indicates
that itisprobably themajor diseasegene, at leastinthecase
of AS patients. The contributions of other HLA and
non-HL A genesareyet unclear but aresignificant, especially
in HLA-B27-negative patients with SpA. They may aso
be important as modifiers of disease susceptibility or
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clinical manifestations. However, to the clinicians,
the important questions are: What is the significance of
detecting the presence of the HLA-B27 genein a patient?
What is the risk of developing spondyloarthropathies in
these individuals?

Significance of the HLA-B27 Gene's Presence

The presence of the gene predisposes an individua to
devel oping spondyloarthropathies. In a1984 report, 1.3%
of HLA-B27 positive individuals were found to have
featuresof AS. However, if thereisaconfirmed ASfamily
member, the prevalence rises to 21% among the HLA-
B27-positive relatives. This represents a 16-fold increase
in the risk of having AS.%® In another study at that time, it
was noted that the relative risk of developing
spondyloarthropathy was 5.6 for B27-positive rel atives of
B27-positive patients when compared with relatives of
B27-positive healthy subjects.® In a more recent study
among blood donors in Berlin, HLA-B27-positive
individuals have a 20-fold increased risk of developing
SpA.Z Important as these findings may be, there is no
justification for screening of healthy, asymptomatic
individualsfor theHL A-B27 gene. Itisuseful asan adjunct
to the diagnosis of AS especially in those who understand
the principles of probability.® Otherwise it may represent
awaste of resources. In an Auckland study, it was shown
that 43% of theHL A-B27 testswere positivewhen ordered
by rheumatol ogists, compared to only a12% positivity rate
for those ordered by other doctors. The authors concluded
that non-rheumatol ogists ordered an excessive number of
tests in patients with a low probability of HLA-B27
associated disease.% Apart fromitsuseful nessasan adjunct
to diagnosis, it does have prognostic implicationsin some
patients. In patients with juvenile chronic arthritis, it was
noted that those with the HLA-B27 gene have more active
disease, develop secondary amyloidosis about 6 years
earlier and underwent arthroplasty on average 3 years
earlier than their B27-negative counterparts.” The HLA-
B27 gene seems to be a predictor for more severe disease
in juvenile arthritics. The HLA-B27 gene also seems to
confer a worse outcome in patients with anterior uveitis.
There were more complications and the percentage of
legally blind patients was significantly higher in HLA-
B27-positive patients with or without associated systemic
disease.®

Conclusion

The genetics of spondyloarthropathies is relatively
complex eventhoughtheHLA-B27 geneplaysaprominent
role in this group of disorders. Many genes are involved.
The mechanism of how the HLA-B27 gene causes
spondyloarthropathies is not yet fully elucidated but
environmental factors like bacterial agents do play an
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important part, e.g. in patients with reactive arthritis. The
interaction between the gene and the environment is an
interesting one and will definitely be the subject of further
study by variousresearch groups. Genomescanning studies,
especially of SpA patientsfrom various ethnic groups, can
also help usto understand more about the contributions of
non-HLA genes. Finally, with better understanding of the

pol

ygene effects, clinicians will be able to prognosticate

and undertake genetic counselling more accurately.
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