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Chromosome 14 markers in rheumatoid arthritis
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SUMMARY Phenotype frequencies for variants of the chromosome 14 markers, a, antitrypsin
(protease inhibitor-Pi), and immunoglobulin heavy chain gene allotypes (Gm and Am) were
examined in affected and unaffected members of multicase rheumatoid arthritis (RA) families
and compared with published population data. Significantly higher frequencies of phenotypes
containing Pi*Z and Pi*S were observed in unrelated index RA cases compared with UK popula-
tion data. There was also a higher frequency of Pi*Z in family members without RA than in
population controls but no such difference for the frequency of Pi*S. No difference in the fre-
quency of PiMlM2 heterozygotes was seen between patients with RA and population controls.
An examination of clinical data failed to show any relation between any particular feature of RA
and positivity for Pi*Z or Pi*S. No significant differences in frequency of Gm phenotypes were
observed between patients with RA and controls. Significant association was found, however,
between Pi*Z and Gm phenotypes containing Gm(zax;g). These associations are interpreted as

indicating linkage disequilibria between these alleles. No interactions between DR4 and either
Glm(z), (a), or (x) allotypes were apparent in patients with RA. A significant association was
seen in the index RA cases between DR4 and Pi phenotypes carrying Z or S alleles. Observations
from this study provide evidence for the existence of a genetic component for RA susceptibility
encoded on chromosome 14. An interactive effect of these genes with DR4 towards susceptibility
appears likely.
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A genetic basis for RA susceptibility is suggested by
the known familial tendency to develop this disease
and by a higher concordance rate for RA in mono-
zygotic twins than in dizygotic twins. ' The relatively
low figure of 32% concordance for RA development
in monozygotic twins gives a clear indication of the
role of non-genetic 'environmental' factors contri-
buting to the disease development.
A major component of the genetic susceptibility

to RA has been shown to be encoded within the
HLA region,2 with DR4 being associated with RA
in many populations.3 Family studies have now
demonstrated linkage of RA susceptibility with
HLA.4
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Additional associations have been described for
RA and a, antitrypsin (Pi) and IgG allotypes (Gm).
It is now known that the genes for Pi and Gm are
linked5 and are located on chromosome 14.6 The
alleles PiZ,7-10 PiS,"1 and subtypes of PiM'2 13 have
been found to be at raised frequency in patients with
RA. An association has also been observed with the
Glm(x) allotype in DR4 positive patients, suggest-
ing that some form of epistatic interaction between
Gm and HLA exists.1416

Associations between RA and chromosome 14
encoded products still have to be well characterised,
however, and some studies have failed to show a
clear association between RA and either Pi'7-20 or
Gm allotypes.

This study therefore had two aims. Firstly, to
examine the associations between Pi and Gm with
RA and, secondly, to determine the influence of
these markers in explaining disease susceptibility in
families with RA.
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Patients and methods

SUBJECTS
The subjects for this study were drawn from multi-
case families with at least two living first degree rela-
tives satisfying American Rheumatism Association
(ARA) criteria for classical or definite RA.22 An
explanation of their collection and clinical examina-
tion has been reported elsewhere.4 For this analysis
family members were classified into the following
groups: (a) index cases, i.e., the first reported RA
case for each family (used in testing for associa-
tions); (b) affected cases; i.e., family members with
classical or definite RA: (c) suspicious cases, i.e.,
family members in whom there was at least one
clinical or laboratory feature suggestive of inflam-
matory arthritis but who did not satisfy the ARA
criteria for definite RA; (d) unaffected cases, i.e.,
family members who were not affected or suspicious
cases.

CONTROL FIGURES TAKEN FROM
PUBLISHED DATA
Frequencies for Pi and Gm phenotypes in normal
Caucasoid controls have been reported else-
where.13 15 23 24

LABORATORY TECHNIQUES
Pi phenotypes were ascertained for serum samples
by isoelectric focusing on commercially available
polyacrg'lamide gel plates (pH range 4(0-5-0;
LKB). On completion, gels were stained with
Coomassie blue and destained before reading. Pi
types were read blind by two independent
observers, and samples giving unclear results were

rerun.

Immunoglobulin allotypes (Gm, Am, and Km)
were identified by haemagglutination inhibition
assays of serum samples2o and included Glm
(z,a,x,f), G2m(n), G3m(g,bO,bl,b3,b5,s,t,c3,c5),
A2m(1,2), and the x light chain allotypes Km(1,3).
G3m(bO,bl,b3, and b5) usually occur together and
are summarised as G2m(b).
HLA typing was verformed using procedures

described elsewhere. 28

STATISTICAL ANALYSIS
X2 Analysis was used to compare phenotype fre-
quencies seen in the unrelated index cases and nor-
mal controls. Levels of significance were not
corrected for the number of comparisons made.

Similarly, the phenotype frequencies were com-
pared for the index cases and other affected and
non-affected individuals within the families. A
formal cosegregation analysis was then undertaken

Table 2 Frequency of PiM subtypes in multiple RA case
families

PiM Index UK
subtype cases controls*

(n=60) (n=223)

MiMi 55-0 (33)t 73.5 (164)
M1M2 11-7 (7) 12-1 (27)
MiS 18-3 (11) 5-4 (12)
M1Z 8-3 (5) 3-6 (8)
M2M2 5-0 (3) 2-7 (6)
M2S 0-0 1-3 (3)
M2Z 1-7 (1) 0.0

*See ref 13.
tValues are percentage (No).

Table 1 Frequency of Pi phenotypes in multiple RA case families

Phenotype index UK All Suspicious Unaffected
cases controls* affected casest cases
alone (n=4565) casest (n=89) (n=278)
(n=63) (n=118)

MM 71-4 (45)§ 88-5 (4042) 72-0 (85) 76-4 (68) 84-2 (234)
MS 15-9 (10), 8.0 (366) 14-4 (17) 13-5 (12) 5-4 (15)
MZ 9-5 (6)1 1-5 (71) 10.2 (12) 9-0 (8) 9.7 (27)
MF 0-0 0.6 (30) 0.8 (1) 0-0 0-0
M? 1-6 (1) - 1*7 (2) 0-0 0-4 (1)
SS 0.0 0-4 (16) 0-0 1-1 (1) 0-0
SZ 1-6 (1) 0-2 (10) 0-8 (1) 0.0 0*0
ZZ 0-0 0-04 (2) 0-0 0-0 0-4 (1)

*See text.
tIncluding index cases.
$See ref 22.
Values are percentage (No).
'Sample v controls O0O5>p>001.
lSample v controls p<0-001.
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of siblings with at least one affected and one non-
affected offspring of parents heterozygous for either
the S or Z allele. The results were displayed as 2x2
tables.

Results

Table 1 summarises the frequencies of Pi pheno-
types in multiple RA case families. When compared

Table 3 Offspring of MS heterozygous parents

Allele Affected Unaffected
(No) (No)

S 15 12
M 12 20

X2=1-92, p=NS.

Table 4 Offspring of MZ heterozygous parents

Allele Affected Unaffected
(No) (No)

Z 8 6
M 3 6

X2=1-24, p=NS.

with a large panel of UK controls significantly
higher frequencies of MZ and MS phenotypes were
observed in the unrelated index cases. These
increases were also seen in both the overall panel of
affected cases and in the suspicious cases. The group
of 'suspicious' individuals was differentiated to
eliminate any possible patients with RA from the
panel of unaffected family members. The frequency
of the MS phenotype in the unaffected members
(5.4%) was similar to that in the controls (8.0%). In
contrast, the frequency of MZ phenotypes remained
raised (9.7% v 1-5%).
The M1M2 subtypes were available for 60 of the

index cases (Table 2). No significant difference in
the frequency of M1M2 heterozygotes could be seen
between patients with RA and published controls.
The reduction in Ml homozygotes in our patients
with RA appears to be consistent with the increased
frequency of S and Z bearing phenotypes. The Pi
status was then compared in the unaffected offspring
and those with RA of MS and MZ heterozygous
parents in families with at least one offspring of each
type. The results showed a slight but non-significant
distortion towards affected offspring, who were
more likely to inherit the S and Z allele respectively
(Tables 3 and 4).
Table 5 summarises the frequencies of Gm

phenotypes observed. When compared with pub-
lished controls no significant difference for any

Table 5 Gm phenotypes in multiple RA case families

Glm;G2m;G3m Index Controls* Affected Suspicious Unaffected
cases (n=792) casest casest cases
(n=62) (n=120) (n=89) (n=271)

f;n;b 40-3 (25)§ 43-4 (344) 41-8 (49) 32-6 (29) 37-3 (101)
f;n;bc3c' 1.6 (1) 0-5 (4) 0-8 (1) 0.0 0.4 (1)
f;--;b 1-6 (1) 6-3 (59) 2-5 (3) 11-2 (10) 5-5 (15)
zax;.*;g 4-8 (3) 4-3 (34) 5-0 (6) 7-8 (7) 6.3 (17)
zaxf;n;g 0.0 t-0 0.0 1-1 (1) 0.4 (1)
zaxf;n;gb 6-5 (4) 9-1 (72) 7-5 (9) 7-8 (7) 5-2 (14)
zaxf;..;gb 4-8 (3) 5 7 (45) 7-5 (9) 4-4 (4) 6-6 (18)
zax;-.;gb 3-2 (2) 0-1 (1) 1-7 (2) 0.0 0.0
za;--;g 3-2 (2) 4.5 (36) 5-0 (6) 1-1 (1) 4.1 (11)
zaf;-.;gb 14.5 (9) 8-3 (66) 11-7 (14) 10-1 (9) 10.0 (27)
zaf;n;gb 16-1 (10) * 15-9 (126) 14-2 (17) 23-6 (21) 21.0 (57)
zaf;--;b 0-0 0.0 0-0 1-1 (1) 0.4 (1)
zaf;--;bst 0.0 0-0 0-0 0-7 (2)
za;..;gb 0.0 0-1 (1) 0-0 1-1 (1) 0.7 (2)
za; _;gb%33b5st 0-0 0-8 (1) 0°0 0.4 (1)
za;n;g 1-6 (1) 0-0 0-8 (1) 0.0 0.4 (1)
za;n;gb 0 0 0*0 0-8 (1) 0-0 0-0
zaf;n;bst 1-6 (1) 0 0 0-8 (1) 0 0 0°0
zaf;n;b 0-0 0-5 (4) 0-0 0-0 0.7 (2)

See ref 29.
tIncluding index cases.
ISee text.
Values are percentages (Nos).
Rare phenotypes discussed in ref 29.
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particular Gm phenotype in patients with RA was
seen. The Gm frequencies in all patients with RA
and published controls were remarkably similar.
The immunoglobulin x light chain allotype Km(1)

was present in index cases and affected family
members at frequencies of 11-4% and 11-3% respec-
tively. A frequency of 17*9% for Km(1) has been
reported for unaffected controls.24 No significant
differences were seen between patients with RA and
controls for the frequencies of the IgA allotypic
markers Am(1) or Am(2).
An interesting observation is that, of the 46 PiZ

individuals, 39 had Gm phenotypes containing the
Glm(z) and (a) allotypes (X2=16-6, p<0-001) and
19 the Gm(zax;g) haplotype (X2=15-0, p<0001).
Such associations may reflect linkage disequilibria
between these alleles.
An analysis of the relation between DR4 status

and Gm allotypes in patients with RA failed to show
any increase in the proportion of Glm(z) or Glm(x)
allotypes in DR4 positive patients compared with
those who were DR4 negative (Table 6). Such an
analysis for Pi markers, however, showed a higher
proportion of PiZ and PiS containing phenotypes in
DR4 positive patients than in those who were DR4
negative (Table 7).

Table 6 Relations
markers in RA

between HLA-DR4 status and Gm

Gm marker Index cases (n=60)

DR4 DR4
positive negative
(No) (No)

Glm(z) positive 21 13
Glm(z) negative 19 7
Glm(x) positive 7 5
Glm(x) negative 33 15

No significant associations.

Table 7 Relations between HLA-DR4 status and Pi
markers in RA

Pi marker Index cases (n=61)

DR4 DR4
positive negative
(No) (No)

PiS or PiZ positive 16 3
PiS or PiZ negative 24 18

X2=4-2, p<O005.

Discussion

In keeping with some other studies we have
observed an increase in the frequency of Pi*Z in
patients with RA and, additionally, have shown an
increase in the frequency of Pi*S. Other workers
have, however, shown no such association. Interest-
ingly, the current study found higher frequencies of
PiZ (11.1%) and PiS (17-5%) than a similar but
larger series recently published, which found 1-4%
and 9-7% respectively, neither of which was signifi-
cantly increased compared with controls.20 It is diffi-
cult to explain the disparity in these results, but one
possible factor is that the index cases in the current
study were drawn from multicase families and from
sporadic cases in the latter. Thus Pi would appear to
'contribute' towards RA susceptibility. It is known
that these particular Pi variants, present at low fre-
quency in the normal population, are associated
quantitatively with different levels of serum a, anti-
trypsin. When the concentration of a, antitrypsin is
expressed as a percentage of that found in the PiMM
genotype (i.e., 100%) reduced levels are found for
MS (88-80%), MZ (67-59%2), SS (58%), SZ
(37-36%), and ZZ (7-16%). 3 No quantitative
differences have been reported for Ml and M2 sub-
types. There is variation between individuals with
the same Pi type, however, and some overlap of
levels may exist, dependent on the individuals
examined.
A reduction in the at antitrypsin level should have

the effect of increasing the action of proteolytic
enzymes. a, Antitrypsin is a major inhibitor of
elastase, and it has been suggested that any reduc-
tion in its level could lead to increased destruction of
joint cartilage by leucocyte elastase released by infil-
trating cells during inflammatory rheumatoid
processes.s

Associations between Pi*Z and a variety of pul-
monary disorders have been described,30 tl includ-
ing patients with RA and fibrosing alveolitis19 and
individuals with emphysema.32 These observations,
together with the suggestions of increased proteoly-
tic enzyme activity, predict an increase of pulmon-
ary problems or disease severity, or both, in family
RA cases with the PiZ variant. Unfortunately the
sample size in this study may be too small to address
this problem satisfactorily.
The increase of the MS phenotype frequency in

patients with RA and its subsequent reduction in
unaffected individuals underlines its possible contri-
bution to RA susceptibility. We were unable to
show, however, that the observed distortion in the
cosegregation of either S or Z with RA in these
families is significant. The high frequency of Pi*Z in
all groups of family members, including unaffected
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members, is unexpected. There have been several
reports of a positive transmission bias of PiZ alleles
from men,5 F3 and this may go some way towards
explaining this observation. Thus PiZ bearing
haplotypes could represent a susceptibility factor
contributing towards RA development for certain
individuals and through this mechanism of 'loading
the dice' may be carried in their family members
more frequently than expected by chance.
No particular Gm allotype was raised in frequency

for any set of individuals in these families with RA.
Associations were seen, however, between certain
Pi variants and Gm allotypes and haplotypes. The
obvious explanation for this finding is that linkage
disequilibrium exist between these alleles. Although
it has been shown that Pi and Gm are linked,6 the
recombination fraction between them is estimated
to be 026,5 and it would be unusual for linkage
disequilibria to be maintained over this distance.
An analogy has been drawn between the observed
transmission bias of PiZ containing haplotypes and
the effects of the T locus in the mouse,5 which can
disturb both segregation ratios and recombination
distances between genes.34 Thus it is not impossible
to find certain alleles some distance apart which
maintain the phenomenon of linkage dis-
equilibnum.
Previous studies have shown an increase of the

Glm(x) allotype in DR4 positive RA patients,
implying some level of interaction with the HLA
system.'4 15 This relation could not be observed in
our data. A similar situation can be seen, however,
whereby significantly more PiS and PiZ containing
phenotypes are present in DR4 positive patients
than in DR4 negative ones. As linkage disequilib-
rium appears to exist between Gm(zax;g) and PiZ, a
reconciliation between these observations may be
that certain chromosome 14 Pi-Gm haplotypes can
interact with certain chromosome 6 HLA haplo-
types to confer greater RA susceptibility on
individuals.

Several hypotheses may explain the contribution
of chromosome 14 encoded products to RA sus-
ceptibility. One is that Pi may have a direct role in
RA pathogenesis and that Gm allotypes, such as
Glm(x), may be 'innocent bystanders' carried along
through linkage disequilibria. Alternatively, it can
be argued that Gm allotypes directly affect the
generation of rheumatoid factors.
Another explanation could be that an RA sus-

ceptibility gene(s) is in linkage disequilibrium with
certain Pi and Gm alleles and could be found more
commonly in certain haplotypes. This would not
necessarily mutually exclude an additional involve-
ment of Pi and Gm in RA. T cell receptor genes are
now known to be encoded also on chromosome

14.2 3 It would therefore not be unreasonable to
consider this region of chromosome 14 as being a
contender for encoding a component of RA sus-
ceptibility.

Certain chromosome 14 encoded products may be
involved in immunological recognitive processes and
after the action of particular pathogenic challenges
lead to a potential autoimmune situation whereby
the HLA system is implicated in the intensity of the
ensuing reaction. Future studies using DNA probes
to examine chromosome 14 associations with RA
will be of interest.
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