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Abstract
Objectives-To analyse major histo-
compatibility complex (MHC) haplotypes
in Mexican mestizo patients with sero-
negative spondyloarthropathies (SSpA)
and normal controls, to discover if there
are other antigens, besides B27, in the
HLA region that might show association
with the disease.
Methods-The study included 100 Mexi-
can mestizo patients with SSpA and 200 of
their first degree relatives. These groups
were compared with 85 ethnically
matched controls. The class I and class III
MHC antigens were obtained by standard
methods. The significance of differences
between patients and controls was tested
by x2 analysis; linkage disequilibrium
among the different alleles in each haplo-
type was estimated by computing delta
values.
Results-We found a significantly in-
creased frequency of the HLA-B27 anti-
gen (pcorr. = 1 x 10-5, odds ratio (OR) = 334,
95% confidence interval (CI) = 9-3-142.0).
In the group of 45 SSpA patients negative
for the B27 antigen, independent
increased frequencies ofHLA-B49 antigen
(Pcorr. = 0-03, OR = 6-5, 95% CI = 1-5-32-8))
and the FC31 complotype (pco,. = 0*04,
OR=3-7, 95% CI= 12-11-1) were found.
Significant delta values were obtained for
the [B27;SC30] haplotype (p = 0.0005) but
not for haplotypes marked by the FC31
complotype. HLA-B antigens on the hom-
ologous chromosome in B27 positive
patients were mainly HLA-B51 (18%) and
HLA-B60 (16%); however, the observed
genotypes B27/B51 and B27/B60 were not
significantly different than expected from
the allele frequencies alone.
Conclusions-These data suggest that in
Mexicans additional genes within the
MHC region besides the HLA-B27 anti-
gen, might be related to the genetic sus-
ceptibility for developing SSpA. Relevant
antigens included the HLA-B49 and the
FC31 complotype.

(Ann Rheum Dis 1994; 53: 755-758)

The histocompatibility antigen HLA-B27 is
strongly associated with ankylosing spondylitis
(AS) and related diseases.' Over 90% of the
patients with AS, and 60-95% of the patients

with Reiter's syndrome (RS) or associated
spondyloarthropathies shared this antigen,
compared with 6-8% of normal White
controls." The pathogenic mechanisms re-
sponsible for this association and the role of
HLA-B27 antigen in the development of these
diseases are unknown.

Despite the very close association between
B27 and AS, the presence of the antigen does
not lead to the development of the disease.
Only 1-3% of B27 positive individuals from
the population develop AS. Conversely, a small
proportion of AS patients do not carry B27.5 6
This indicates that the antigen alone is neither
necessary nor sufficient for the development of
the disease.

Structural analysis of the HLA-B27 antigen
has revealed the existence of multiple variants,
or subtypes, in human populations. Several
studies reported no differences in susceptibility
to AS among the subtypes;7-9 nonetheless, Hill
et all' proposed that the HIA-B*2703 subtype
is not disease associated, thereby accounting
for the low incidence of AS and reactive
arthritis in West Africa where this subtype is
prevalent. However, studies in patients from
this ethnic group are needed to support this
hypothesis.

It is generally accepted that the HLA-B27
antigen is implicated in disease but it has also
been suggested that additional genetic and
environmental factors seem to be necessary to
confer the susceptibility to AS.7 Most efforts to
detect additional HIA susceptibility alleles
have been focused on individuals who lack the
B27 marker. Studies on different ethnic groups
have shown that the strength of association in
the patients follows the antigen frequency of
HLA-B27 in the normal controls; thus in
populations with low B27 antigen frequency,
for instance Black populations, there are more
patients who lack the B27 antigen." Genetic
admixture estimates in Mexican mestizos have
shown 56% of Indian genes, 40% of White
genes and 4%/o of Black genes;'2-14 phenotype
frequency of HLA-B27 is only 0-035. This
study on Mexican mestizos aimed to detect
additional class I or class III MHC genes that
might act either independently or in conjunc-
tion with B27 to increase the susceptibility to
develop seronegative spondyloarthropathies
(SSpA). In addition, we looked at the homolo-
gous 6th chromosome B locus and complotype
alleles in B27 positive patients, because of a
recent report of over-representation of B60 on
the homologous 6th chromosome in B27
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positive White AS patients.'5 It appears that
instead of B60, some other HLA linked genetic
factors might play a role to increase further the
susceptibility to the disease.

Subjects and methods
PATIENTS

We studied 100 consecutive Mexican patients
with SSpA (88 men and 12 women) (mean
age = 30 years), seen at the rheumatology
outpatient clinic of the Instituto Nacional de la
Nutricion Salvador Zubirain in Mexico City.
To obtain major histocompatibility complex
(MHC) haplotypes, 200 of their first degree
relatives were also typed.
According to the European Spondyloarthro-

pathy Study Group criteria,'6 our patients had
inflammatory spinal pain or synovitis (asym-
metric or predominantly in the lower limbs)
together with at least one of the following
clinical criteria: positive family history, urethritis,
cervicitis, or acute diarrhoea within one month
before arthritis, enthesopathy, sacroiliitis.
From the 100 SSpA patients, 50 fulfilled the

New York criteria'7 for AS, whereas 40 had
clinical diagnosis of RS.'8 Most of them had a
non-gonococcal or postvenereal or postenteri-
tic form(s) of the syndrome. The arthritis was
not of a psoriatic type, and none of them had
clinical manifestations related to inflammatory
bowel diseases (Crohn's disease, or ulcerative
colitis).
The clinical picture in 10 individuals was not

clear enough to discriminate AS or RS, and
they were considered as having undifferenti-
ated spondyloarthropathy.

CONTROLS

Eighty five healthy Mexican individuals from
43 ethnically matched families (only parents
were included for purposes of statistical
analysis) were used as controls. Control in-
dividuals and their last two generations were
born in Mexico City.

Serological HLA typing. Venous blood
samples were obtained from patients, relatives
and controls. Lymphocytes were isolated using
a density gradient centrifugation technique.'9
HLA-B typing was performed in T cells with
a standard microlymphocytotoxicity test.20
Typing trays were purchased from C-Six Diag-
nostics (Mequon, WI, USA). Trays consisted
of a total of 140 antisera to define 49
specificities from the A, B, and C, HLA loci.

Complement typing. Factor B (BF) typing was
carried out by immunofixation after agarose gel
electrophoresis of plasma samples2' using goat
anti-human BF antibodies (Atlantic Anti-
bodies, Stillwater, MN, USA). Neuramini-
dase-treated plasma samples were subjected to
agarose gel electrophoresis and immuno-
fixation with goat anti-human C4 antibodies
(Atlantic Antibodies) for typing of C4A and
C4B.22 C2 patterns were generated by iso-
electric focusing of serum samples in polyacryl-
amide gel, and patterns were developed in a
C2-sensitive agarose gel containing antibody-
sensitised sheep erythrocytes.23

The nomenclature for BF, C2 and C4
variants has been published previously.2'-23
Complotypes are given in arbitrary order as
BF, C2, C4A and C4B alleles. For example,
the most common complotype in healthy
Mexicans, SC31, denotes BF*S, C2*C,
C4A*3, C4B*1.

STATISTICAL ANALYSIS

The significance of the differences between
groups was performed using Mantel-Haenszel
x2 analysis which combined the 2 x 2 tables
using the EPISTAT statistical program. The p
values were corrected by the number of
comparisons (16 for HLA-B and 8 for complo-
types). Relative risks with 95% confidence
interval (95% CI) were calculated as odds
ratios (OR), also using the Mantel-Haenszel
method.

In accordance with
calculated the linkage
value) as follows:

Mattiuz et al,24 we
disequilibrium (delta

d lb+d c+d
delta -- x

N N N

in which b refers to the number of individuals
possessing the HLA-B antigen and lacking the
complotype one, c lacks the HLA-B antigen
and has the complotype one, while d lacks both
HLA-B and complotype, and N is the total
number of individuals.
We measured the difference between the

frequency with which a pair of alleles has
to occur in a single haplotype (expected
frequency) and the real combination of both
alleles in the studied population (observed
frequency), bearing in mind that the individual
frequencies are known. The delta value for a
combination of phenotypes expresses the
differences between the expected frequency
and the observed frequency. The statistical
significance of the delta value was tested by x2.

Results
HLA-B27 POSITIVE PATIENTS

Thirty five of 50 (70%) AS patients, 18 of 40
(45%) RS patients and two of 10 (20%) undif-
ferentiated spondyloarthropathy patients were
HLA-B27 positive.

Relevant HLA-B alleles in SSpA patients and
in normal controls are shown in table 1; patients
had a significantly increased frequency of HLA-
B27 (pcorr.= 1 X 10-5, OR=33-4, 95% CI=
9-3-142). Other HLA-B alleles were equally
distributed between patients and controls in-
cluding the B27 CREG (B7, B22, B42) antigens.
HLA-B antigens on the homologous chromo-

somes in B27 positive patients were mainly HLA-
B51 (18%) and HLA-B60 (16%); however, the
observed genotypes B27/B51 and B27/B60
(observed frequency = 0 100 and 0-090, respec-
tively) were not significantly different than
expected from the allele frequencies alone
(expected frequency = 0-059 and 0 039, respec-
tively).
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Table 1 also includes the results on comple-
ment alleles in patients, where a significant
increased frequency of the FC31 complotype
(PCOT. = 0-04, OR = 3x2, 95% CI = 1 x2-8x3) is
observed. Frequencies of other complotypes in
patients and the control group were not
statistically different.

Results for the 45 B27-negative patients and
comparison with normal controls excluding B27
individuals are shown in table 2. We found an
independent increased frequency of both HLA-
B49 (pcorr. = 003, OR = 6x5, 95% CI = 1-5-32-8)
and the FC3 1 complotype (pco,0 = 0 04,
OR=3 7,95%CI= 1 2-11 1).
Because of over-representation of the FC31

complotype in the patients, it was necessary to see
if this was due to linkage disequilibrium with
either HLA-B27 or any other HLA-B allele.
Table 3 shows the most common class I and
class III MHC haplotypes and their corre-
sponding delta values. The increase in FC3 1
cannot be explained by increase in any HLA-B

Table 1 Phenotype frequencies (pf) of relevant HLA-B
and complotypes in patients with seronegative
spondyloarthropathies and normal controls

Patients Controls pc,, OR 95% CI
(n = 100) (n = 85)
Pf Pf

HLA
B27 0-550 0-035 <1 X 10-5 33-4 9-3-142-0
B14 0 110 0-105 NS 1.0 0-3-2-9
B57 0 090 0-058 NS 1-5 0-4-5 7
B49 0-130 0 035 NS 4-0 1-0-18-7
B51 0-180 0-235 NS 0 7 0-3-1-5
B39 0.110 0-270 NS 03 0 1-07
B60 0 120 0 152 NS 0 7 0 3-1 9
Complotypes
FC31 0-250 0-094 0 04 3-2 1-2-8-3
SC30 0-140 0-117 NS 1-2 0-4-3-1
SC31 0-680 0-788 NS 0-5 0-2-1-1

p,,*: p corrected for number of comparisons.
NS: Not significant.

Table 2 Phenotype frequencies (pf) of relevant HLA-B
and complotypes in HLA-B27 negative patients with
seronegative spondyloarthropathies and normal controls

Patients Controls* p,. OR 95% CI
HLA-B27 (-) HLA-B27 (-)
(n = 45) (n = 82)
Pf Pf

HLA
B14 0-177 0 109 NS 1-7 0-5-5-4
B57 0-133 0-060 NS 1-4 0-5-9-6
B49 0-200 0-036 0 03 6-5 1-5-32-8
B51 0-222 0-243 NS 0-8 0-3-2-2
B39 0-244 0-280 NS 0-8 0-3-2-0
Complotypes
FC31 0-288 0097 004 3-7 1.2-11 1
SC30 0 044 0-121 NS 0 3 0-04-1-5
SC31 0-644 0-788 NS 0 5 0-2-1-2

pc,,: p corrected for number of comparisons.
NS: Not significant.
*Excluding HLA-B27 (+) individuals (n = 3).

Table 3 Linkage disequilibrium (delta values) between
HLA-B and complotypes in patients with seronegative
spondyloarthropathies

Haplotype Expected Observed Delta p
frequency frequency value

[B27;SC30] 0-022 0-055 0 019 0 0005
[B27;FC31] 0-040 0-060 0-0125 NS
[B14;FC31] 0-006 0-005 -0 001 NS
[B39;FC31] 0-008 0-020 0 005 NS
[B57;FC31] 0-006 0 010 0-002 NS
[B49;SC31] 0-028 0-025 -0-205 NS
[B14;SC31] 0-024 0-025 -0-0002 NS
[B39;SC42] 0-005 0-015 0-004 0-05

allele. The same table shows that only two
haplotypes showed linkage disequilibrium,
namely B27-SC30 (p = 00005), and B39-SC42
(p = 005).

Discussion
As for most populations worldwide, we found a
significant increased frequency of HLA-B27 in
patients with SSpA. Patients who lack this
antigen showed instead, a significant increase in
HLA-B49. Regardless of the presence of B27, an
increase in the FC3 1 complotype was also found,
suggesting that besides the HLA-B27 antigen
additional genes might also be involved in the
susceptibility to develop SSpA.

Previous reports dealing with complotypes
focused only on AS B27 positive individuals.25 26
As our study was not restricted to this disease or
to any HLA-B antigen, we were able to gain a
better insight into the role of complotypes.

Previous studies in B27-negative patients
showed association with HLA-B 16.27 28 This was
followed by reports on an increased frequency of

2 ~~~~~30HLA-B2229 and HLA-B7, suggesting a 'public'
antigen of the HLA-B27 CREG group (HLA-B7,
Bw22, B27, B40 and B42) (unpublished) in
addition to B 16. Others28 31 32 have found
association ofBw62 and B35. Our study adds the
B49 antigen to the list of HIA-B alleles
associated with SSpA.
The mechanisms whereby the MHC class I

antigen HLA-B27 confers susceptibility to AS
and RS remain unknown. One hypothesis is that
binding of bacterial-derived or autologous
'arthritogenic peptides', or both, to the HLA-B27
molecule could induce CD8 cytotoxic T
lymphocytes as a crucial event in the initiation of
reactive arthritis and other spondyloarthro-
pathies.33 If this is correct, it is possible that other
antigens with the same characteristics of binding
may induce the cytotoxic response, and one of
them could be the B49 antigen. Sequence analysis
of this antigen and its comparison with HLA-B27
sequences is required to confirm this hypothesis.
Our report is one of the few studies that suggest

a possible role of additional genes besides B27 in
the genetic susceptibility to develop SSpA. The
most interesting part of this issue is the relatively
high incidence of the FC3 1 complotype,
regardless of the presence of HLA-B27.
Interestingly, the complotype was not found in
linkage disequilibrium with B27 or any other
HLA-B antigen (table 3). We assume that the
FC3 1 complotype could be in linkage dis-
equilibrium with other markers within the MHC
region. Candidates for such a role are probably
the TAP genes which code for the protein
transporters of peptides to the endoplasmic
reticulum and are directly related with antigen
processing.'F37
These results suggest that in Mexican mestizo

patients with SSpA, other genetic factors in
addition to B27 are associated with the disease
expression, and these include the FC3 1
complotype.
Our results suggest that some of the additional

genes (other than B27) that predispose to SSpA,
might also reside in the MHC region. These data
emphasise that SSpA have a multifactorial
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aetiology which includes a variety of genetic
predisposing factors. Identification of comple-
mentary alleles involved in increasing suscepti-
bility to SSpA may provide important clues to
understanding the pathogenesis of the disease,
and may help uncover environmental factor(s)
that trigger it in genetically susceptible
individuals.
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