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ABSTRACT

There are numerous studies showing the role
of human leukocyte antigens (HLAs) related with
susceptibility or resistance to certain diseases. The
aim of this study was to determine the association
of HLA-B27 with ankylosing spondylitis (AS), pol-
yarthralgia, lumboishialgia, acute anterior uveitis
(AAU), psoriatic arthritis (PA), synovitis coxae and
rheumatoid arthritis (RA) in patients from Vojvodina,
Serbia. An HLA I class typing was performed by the
serological immunomagnetic two-color fluorescence
method using peripheral blood T lymphocytes in 97
patients and 224 healthy controls from the popula-
tion of Vojvodina, Serbia.We calculated HLA-B27
frequencies, relative risk (RR), ethiologic fraction
(EF), e.g., population attributive risk, when RR was
greater than 1, while, preventive fraction (PF) was
calculated when RR was lower than 1. This study
revealed the strongest association of AS with HLA-
B27 antigen: RR = 25.0, while the EF was greater
than 0.15, respectively. The %? test showed the sig-
nificant difference (p <0.05) in HLA-B27 in patients
with AS in comparison to controls (x> = 52.5). It
was concluded that there is a positive association of
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HLA-B27 with AS and that HLA-B27 can serve as
a marker for predisposition to diseases.
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INTRODUCTION

One of the most interesting areas of research
within the field of histocompatibility concerns the
observation that the major histocompatibility system
is deeply involved in the development of a variety of
diseases. Major histocompatibility complex (MHC)
class I molecules are heterodimeric complexes con-
sisting of a heavy chain (HC), 32-microglobulin (2
m or light chain), and a peptide (commonly 8-11
amino acids in length) that are located on the surface
of most nucleated cells. Their biological function is to
present peptides to a variety of ligands, in particular
T cell receptors (TCR), residing on the surface of
cytotoxic T cells (CTL) [1].

The human MHC class I molecule, human leuko-
cyte antigen-B27 (HLA-B27), is strongly associated
with spondyloarthropathies (SpA), a group of closely
related inflammatory arthritic diseases, the most com-
mon of which is ankylosing spondylitis (AS) [1-3].
Spondyloarthropathies comprise several disorders
that are more heterogenous clinically and where ge-

55



BJMG

HLA-B27 & DISEASE SUSCEPTIBILITY

netic susceptibility is likely to be more complex and
variable [3]. The association degree varies markedly
among different diseases of this group and also be-
tween different populations [2]. Association of AS and
HLA-B27 remains one of the strongest known associ-
ation of diseases with HLA-B27. About 95.0% of AS
patients express HLA-B27, although the frequency of
this antigen in Caucasians is below 10.0%. However,
the causative role of HLA-B27 in SpA is still not un-
derstood, although various studies confirmed that the
HLA-B27 molecule itself is the strongest predisposing
factor for disease pathogenesis [1].

A number of theories explaining the pathoge-
netic role of HLA-B27 have been proposed [1,4].
The theories proposed to explain the mechanism by
which HLA-B27 induces disease susceptibility are:
1) HLA B27 is in genetic linkage with a disease-
associated gene; 2) HLA-B27 binds and presents
“arthritogenic” peptides to T cells; 3) HLA-B27 is in-
volved in thymic selection of a T-cell repertoire that is
susceptible to SpA; 4) HLA-B27 has an unusual cell
biology compared with other HLA class [ molecules;
5) the HLA-B27 free cysteine at position 67 can be
chemically modified, leading to an “altered self;” 6)
there is cross reactivity between antibodies directed
at bacterial protein(s) and HLA-B27; 7) HLA-B27
is a receptor for a bacterial ligand; 8) interaction of
HLA-B27 with bacterial superantigens causes non
specific T-cell stimulation; 9) HLA-B27-derived
peptides are presented by HLA class II molecules
to CD4" T cells [4-6]. None of the existing theories
have as yet satisfactorily explained the underlying
mechanism and the differential association of HLA-
B27 subtypes with AS. There are 86 HLA-B27 al-
leles based on nucleotide sequence differences, but at
the translated protein level, the number of subtypes
includes 81 different isoforms [7]. The common sub-
types B*27:02, B*27:04 and B*27:05 are strongly
associated with AS. Although some of the HLA-B27
subtypes, such as B*27:09 in Sardinia and B*27:06 in
Thailand, have been clearly shown not to predispose
to the disease [1,3,8]; sequencing of the HLA-B27
subtypes that are commonly associated with disease
have shown no differences between healthy subjects
and patients with AS. It is therefore believed that
other genes and/or environmental factors are also
involved in determining susceptibility to disease,
and furthermore, that the degree of expression of
the HLA-B27 gene may also be relevant [9].
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The recent development of the genome-wide as-
sociation study approach has revolutionized genetic
studies of AS by finding some non MHC genes, some
of which also confer susceptibility to psoriasis and
chronic inflammatory bowel disease, such as the gene
for the interleukin-23 (IL-23) receptor. The /L-23R
gene has recently been found to contribute approxi-
mately 9.0% of the population- attributable genetic
risk for AS in Caucasians. Another gene, ARTS1
(also called ERAAP and ERAPI) that encodes a trans
membrane amino peptide with diverse immunologi-
cal functions and is located on chromosome 5, shows
strong association with AS, contributing roughly
23.0% of the population-attributable genetic risk for
AS in Caucasian populations. The /L-1 gene cluster,
IL1A, contributes approximately 5.0% of the popu-
lation-attributable genetic risk for AS in Caucasian
populations. Thus, the popula-tion-attributable genetic
risk for HLA-B27 (40.0%), ARTSI (23.0%), IL-23R
(9.0%) and /L-1A (5.0%) add up, and one can conclude
that approximately three-fourths of the total genetic
risk of developing AS has been uncovered [8]. The aim
of the present study was to determine the involvement
of HLA-B27 in pathogenesis of AS, polyarthralgia,
lumboishialgia, acute anterior uveitis (AAU), psoriatic
arthritis (PA), synovitis coxae and rheumatoid arthritis
(RA) in patients from Vojvodina, Serbia.

MATERIALS AND METHODS

Ninety-seven patients, of whom 58 were male
and 39 were female, with a mean age of 39.6 + 14.4
years, suffering from different diseases: AS (16), pol-
yarthralgia (34), lumboishialgia (14), AAU (11), PA
(3), synovitis coxae (16) and RA (3), composed of dif-
ferent ethnicities, residents of different parts of Vojvo-
dina, were included in our study. In addition, a group
of 224 healthy, unrelated potential bone marrow/organ
donors, representing the same ethnic groups as the
patients who resided in the same geographic area,
served as a control population. An informed consent
was obtained from all the individuals participating
in the study and all institutional ethics requirements
were met. Three mililiters of venous blood taken in
vacutainers with EDTA as anticoagulant was collected
from the patients and controls. Peripheral mononu-
clear cells were isolated by ficoll hypaque gradient
centrifugation from which the T lymphocytes were
separated by immunomagnetic beads (Dynabeads,
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Cat. No.: 219.02; Invitrogen, Oslo, Norway). The
HLA class I typing was performed by serological im-
munomagnetic two-color fluorescence method using
peripheral blood T lymphocytes and antigenspecific
commercially available sera defining a single HLA
specificity. Briefly, Terasaki microtiter plates (Inno-
Train Diagnostik GmbH, Kronberg, Germany), con-
taining various anti-HLA class I antisera were seeded
with 1 uL of a 2 x 10° cells/mL suspension of immo-
bilized T-cells. After incubation at room temperature
and addition of 5 pL rabbit complement, the lysed and
vital lymphocytes were assessed using an ethidium
bromide/acridine orange dye (Merck, Darmstadt, Ger-
many) under an inverse phase contrast microscope
[10,11]. Phenotype frequencies were obtained by a di-
rect counting method, according to equation: A= n/N,
where 7 is number of persons with a given antigen
and N is total number of persons studied. The strength
of association of disease with respect to a particular
HLAs is expressed by odds ratio (OR) interpreted as
relative risk (RR). Relative risk is calculated for those
HLAs that are increased or decreased in patients as
compared to the control group. The RR or the number
of times risk of disease is increased or decreased in
individuals with a certain HLA marker, was calculated
according to following formula

P
RR — P+x C7
cxp

where P*and C™ are the number of patients or healthy
persons who have a given antigen; C” and P~ are the
number of patients or healthy persons who do not
have a given antigen, respectively [12,13,14].

The values between 0 and 1 are of significance.
When RR was higher than 1, we calculated an etio-

logical fraction (EF) or population attributive risk,
according to formula:

_ (FAD — FAP)
~ (1-FAP)

where FAD is the frequency of the HLA-B27 antigen
in the subgroup of patients and FAP is the HLA-B27
frequency in controls. The EF indicates the hypotheti-
cal genetic component of the disease and gives the
proportion of disease cases attributable to a marker
in the population (in this case, an HLA-B27 antigen),
that presents a positive association (RR>1) with dis-
ease, and/or with other risk factors associated with
this marker. Preventive fraction (PF) is calculated for
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negative association only where RR was lower than
1, according to following equation:

_ (1-RR)xf
RRx(1-f)+ f

where RR is relative risk and f is the frequency of
the HLA-B27 antigen in the subgroup of patients.
The PF gives the percentage of cases that can be
prevented if the population is exposed to an inter-
vention compared to unexposed population. The EF
and PF values greater than 0.15 were considered to
reflect positive and negative association, respectively
[15,16]. The y? test was performed to find out if there
was a significant difference of HLA-B27 antigen fre-
quency between controls and investigated subgroups
of patients, according to following formula:

Y2 (ad —bc)’ (a+b+c+d)
C(a+b)c+d)a+e)b+d)

where a and ¢ are the number of patients or healthy
persons who have a given antigen; b and d are the
number of patients or healthy persons who do not
have a given antigen, respectively [17,18].

RESULTS

Table 1 presents the distribution of HLA-B27
antigen in investigated subgroups of patients and con-
trols from the Vojvodina population. It is noticeable
that a significant increase in HLA-B27 frequency was
found in the subgroup of patients with AS, 62.5% vs.
6.2% in controls, followed by the frequency of 18.1%
in the patients with AAU, 12.5% in patients with
synovitis coxae. The HLA-B27 frequency was simi-
lar in the patients with lumboischialgia (7.1%) and
polyarthralgia (5.8%) compared to controls, while
the frequencies found for the group of patients with
PA and RA (33.3% for both subgroups) cannot reflect
the real situation due to the small number of patients
included in this study.

Table 2 presents the result of calculated risk on
disease susceptibility with HLA-B27. A relative risk
higher than 1 was observed for subgroups of patients
with AS (RR =25.0), PA and RA (RR = 7.5 for both
subgroups), AAU (RR = 3.33), synovitis coxae (RR
=2.142) and lumboishialgia (RR = 1.153), but posi-
tive association (EF greater than 0.15 ) was found in
subgroups of patients with AS (EF = 0.600). For PA
and RA subgroups, EF = 0.288 for both of groups,
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Table 1. HLA-B27 antigen distribution among the investigated subgroups of patients and controls from Vojvodina, Serbia.

Disease HLA-B27 Positive (+) HLA-B27 Negative () Frequency
Ankylosing spondylitis 10 6 0.625
Polyarthralgia 2 32 0.058
Lumboishilagia 1 13 0.071
Acute anterior uveitis 2 9 0.181
Psoriatic arthritis 1 2 0.333
Synovitis coxae 2 14 0.125
Rheumatoid arthritis 1 2 0.333
Controls (n = 224) 14 210 0.062
Table 2. Association between HLA-B27 and susceptibility to spondyloarthropathies in Vojvodina, Serbia.
Disease RR EF PF 12 Association
Ankylosing spondylitis 25.0 0.6001 - 52.5° positive
Polyarthralgia 0.9375 - 0.0666 1.75° negative
Lumboishilagia 1.1530 0.0094 - 0.01° negative
Acute anterior uveitis 3.33 0.1260 - 2.35° negative
Psoriatic arthritis 7.5 0.2880 - 3.51° positive
Synovitis coxae 2.142 0.0671 - 9.37* negative
Rheumatoid arthritis 7.5 0.288 - 3.51° positive

V (degree of freedom): 1; borderline value: 3.841 (corresponding to p <0.05); positive association: EF >0.15;

negative association: PF <0.15.
* There was significant difference.
® No significant difference.

but the very small number of patients was an obstacle
for accurate statistical analysis.

A lower frequency of HLA-B27 antigen com-
pared to the control group was found in the subgroup
of patients with polyarthralgia (RR =0.9375) (PF is
lower than 0.15), but negative association was not
statistically significant (y is not greater than 3.841).
The ¥ test showed the significant difference between
HLA-B27 frequencies in the subgroups of patients
with ankylosing spondylitis (%> = 52.5) and synovitis
coxae (x> =9.37), in comparison to controls. The %>
values exceeding 3.841 (corresponding to p <0.05)
were regarded as a stable borderline index for sig-
nificant differences between HLA-B27 frequencies
in controls and investigated subgroups of patients.

DISCUSSION

The genetic susceptibility of a population to a
particular disease can be known through the study
of HLA genetics. As the genes come from paren-

58

tal segregation, genetic screening can predict the
risk of development of the disease, and the disease
can be detected before onset or at a very early stage
[4,9,19,20]. It has now been 35 years since the asso-
ciation of HLA-B27 and AS has been demonstrated.
Over 90.0% of patients with AS express the HLA-
B27 antigen, but only 1.0-6.0% of HLA-B27 posi-
tive individuals in the general population develop AS
[4,19]. In contrast, in families with AS, the preva-
lence is 10.0-30.0% in adult first-degree relatives
inheriting HLA-B27. The concordance in identical
twins is approximately 65.0%. It is currently believed
that susceptibility to AS is determined almost entirely
by genetic factors, with HLA-B27 comprising about
one-third of the genetic component [3,21,22].

In the present study we have demonstrated for the
first time the distribution of HLA-B27 in SpA patients
of Vojvodina ethnicity. For the whole SpA group, we
have found 19 of 97 patients to be HLA-B27 posi-
tive (19.58%). The highest frequency of HLA-B27
(62.5%) was observed in AS patients, following with
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the 33.3% in both of groups of patients with psoriatic
arthritis as well as rheumatoid arthritis, respectively.
Acute anterior uveitis and synovitis coxae patients
revealed lower frequencies of the investigated mark-
er, 18.1 and 12.5%, respectively. In the group of pa-
tients with lumboihialgia and polyarthralgia, there
were 7.1 and 5.8% HLA-B27 positive patients. In
the control group of healthy subjests from Vojvodina,
the HLA- B27 marker was detected in 14 of 224 in-
dividuals (6.2%). In the AS group, our findings in
the present study corroborate other studies, which
point to a strong association between HLA-B27 and
AS [2,8,23,24]. The distribution of HLA-B27 in our
sample of AS patients from Vojvodina is similar from
that found in populations of Tunisia, (62.0%), Italy
(76.0-68.0%) and Turkey (70.0%) [2,21]. In contrast,
the HLA-B27 frequency in AS patients from Vojvo-
dina was lower than that reported from different Euro-
pean countries: Spain-Galicia (94.3%), United King-
dom (90.2-94.0%), Norway (north) (93.0%), Finland
(93.0%), Hungary (92.7%), Bulgaria (88.0%), Spain
(84.4%), Germany (82.0%) and Romania (72.1%)
[2]. Since the number of our RA and PA patients
was small, the HLA-B27 frequency (33.3%) as well
as (RR =7.5 and EF =0.288), values we found may
not reflect the real situation, as implied also by the
suboptimal statistical power of this part of the study.
However, as described in previous studies, HLA-B27
is detected with 5-10 times greater frequency in RA
patients than in the general population [2,25,26], and
the frequency of this marker in our study compared
to reports of some studies, was similar [2,27]. Also,
the HLA-B27 frequency in the investigated patients
with PA we found in our study was higher than that
reported from Ireland (15.0%), continental Italy
(12.4%) and central Serbia (7.0%) [2,27], but closer
to the frequencies reported from the United Kingdom
(26.0%) and Spain (22.0%) [2,28]. In the AAU group,
the HLA-B27 frequency in our Vojvodina sample was
higher than that reported for the Tunisian patients
(4.4%) [29] and Asia (6.0- 13.0%), but lower than that
reported for western countries (18.0- 32.0%) [30,31]
and Indian population (56.2%) [32].

Although, there was a statistical difference in
HLA-B27 frequency in the subgroup of patients with
synovitis coxae in comparison to controls and RR
was 2.142, there is no positive association of syno-
vitis coxae and HLA-B27 antigen in the population
of Vojvodina (EF = 0.0671). In other investigated
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subgroups of patients, such as for patients with lum-
boishialgia and acute anterior uveitis, RR was higher
than 1, but there is no positive association with HLA-
B27 since EF were 0.0094 and 0.1260, respectively.

CONCLUSIONS

In conclusion, our study revealed that HLA-
B27 was more common in patients with AS than in
the general population of Vojvodina, Serbia. These
findings suggest that HLA typing would help in the
diagnosis of spondyloarthropathies, specially AS, as
well as identifying at-risk family members.
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