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Abstract The multiple autoimmune syndromes (MAS)
consist on the presence of three or more well-defined
autoimmune diseases (ADs) in a single patient. The
aim of this study was to analyze the clinical and genetic
characteristics of a large series of patients with MAS. A
cluster analysis and familial aggregation analysis of
ADs was performed in 84 patients. A genome-wide
microsatellite screen was performed in MAS families,
and associated loci were investigated through the pedigree
disequilibrium test. Systemic lupus erythematosus (SLE),
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autoimmune thyroid disease (AITD), and Sjogren’s syn-
drome together were the most frequent ADs encountered.
Three main clusters were established. Aggregation for type 1
diabetes, AITD, SLE, and all ADs as a trait was found. Eight
loci associated with MAS were observed harboring autoim-
munity genes. The MAS represent the best example of poly-
autoimmunity as well as the effect of a single genotype on
diverse phenotypes. Its study provides important clues to
elucidate the common mechanisms of ADs (i.e., autoimmune
tautology).
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Introduction

Autoimmune diseases (ADs) are chronic conditions initiated
by the loss of immunological tolerance to self-antigens and
represent a heterogeneous group of disorders that afflict
specific target organs or multiple organ systems. The chron-
ic nature of these diseases places a significant burden on the
utilization of medical care, direct and indirect economic
costs, and quality of life. A significant number of autoim-
mune disorders are more prevalent in women than men and
are among the leading causes of disability for this group of
patients.

The fact that ADs share several clinical signs and symp-
toms (i.e., subphenotypes), physiopathological mechanisms,
and genetic factors has been called autoimmune tautology
and indicates that they share common mechanisms [1].
There are two clinical conditions supporting this theory
namely polyautoimmunity and familial autoimmunity. Poly-
autoimmunity is the presence of two or more ADs in a
single patient while familial autoimmunity occurs when
different relatives from a nuclear family present with diverse
ADs [2-4]. These conditions indicate that similar genetic,
epigenetic, and environmental factors influence ADs.

The multiple autoimmune syndromes (MAS) were de-
scribed by Humbert and Dupond in 1988 as a syndrome(s)
consisting of the presence of three or more well-
characterized ADs in one patient [5]. While describing the
syndrome, their observations led them to a rough classifica-
tion of clusters based on the co-occurrence of ADs, which
they named as type one through three. In MAS-1, the
authors grouped together myasthenia gravis (MG), thy-
moma, dermatopolymyositis, and autoimmune myocarditis.
For MAS-2, they grouped Sjogren’s syndrome (SS), rheu-
matoid arthritis (RA), primary biliary cirrhosis (PBC), sys-
temic sclerosis (SSc), and autoimmune thyroid disease
(AITD). Finally, MAS-3 consisted of AITD, MG and/or
thymoma, SS, pernicious anemia (PA), idiopathic thrombo-
cytopenic purpura (ITP), Addison’s disease, type 1 diabetes
(T1D), vitiligo (VIT), autoimmune hemolytic anemia, and
systemic lupus erythematosus (SLE) [5]. In spite of the great
breakthrough achieved by Humbert and Dupond, providing
a new taxonomy for these cocurrent phenotypes based on
clinical evidence, the concept became subject to modifica-
tions. Further studies evaluating polyautoimmunity in
patients having a primary AD found an association between
other ADs not reported in the original report [4, 6].

Besides MAS, another well-known example of polyau-
toimmunity is the polyglandular autoimmune syndrome,

type II (PASII). This syndrome is also universally known
as Schmidt’s syndrome owing to a case reported by Schmidt
in 1926 of two patients that presented Addison’s disease and
chronic lymphocytic thyroiditis [7]. Afterward in 1964,
Carpenter included in an extensive review of the literature
the presence of T1D to the syndrome defining the classic
triad for PASII [8]. The diagnosis of PASII is made by the
presence of at least two of the previously described condi-
tions in one patient. There are, nevertheless, three more
types of PAS [9]. PAS type I is given by the presence of
oral candidiasis, hypoparathyroidism, and Addison’s disease
within an individual associated to mutations in the A/RE
gene, a disorder that has an autosomic recessive inheritance.
PAS type III is defined as the presence of AITD and other
AD, including diabetes but does not typically include adre-
nal gland malfunction. Other diseases such as PA or celiac
disease (CD) may also be observed. Finally, PAS type IV
has been described as the association of two or more organ-
specific ADs. There is, nevertheless, some controversy
around this topic, and some authors argument that PAS type
11, type III, and type IV are different manifestations of the
same syndrome [9]. This disagreement has strong founda-
tions, for there are several reports showing association be-
tween organ-specific ADs both endocrine and non-
endocrine and systemic ADs like SLE, SS, or RA [4, 6].
In fact, the MAS as well as PASII, PASIII, and PASIV
correspond to different forms of polyautoimmunity. The
importance of polyautoimmunity lies in the relation of di-
verse phenotypes with a single genotype, which allow a
better understanding of the autoimmune tautology. Herein,
we report a clinical and genetic analysis of a large series of
patients with MAS.

Patients and Methods
Study Population

Cases with MAS were patients presenting with three or
more well-characterized ADs fulfilling validated classifica-
tion criteria as previously reported [10] and who were at-
tending the Center for Autoimmune Diseases Research
(CREA), at the University of Rosario in Bogota and Medellin,
Colombia; the Discipline of Rheumatology, Universidade
do Estado do Rio de Janeiro, Brazil; the Department of
Autoimmune Diseases, Hospital Clinic, Barcelona, Catalo-
nia, Spain; and Internal Medicine Service, Hospital de Séo
Jodo, Porto, Portugal.

Family Collection

Only relatives of Colombian patients were included and
interviewed using a standardized questionnaire that
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incorporated demographics and medical information includ-
ing a check-point list of 18 ADs [10]. In order to avoid
ascertainment bias, the diagnosis of AD was only consid-
ered reliable and consequently registered if made by a
certified physician (i.e., internist, endocrinologist, or rheuma-
tologist) and confirmed by chart review or verification during
discussion with the relative. The Ethics Committee of the
University of Rosario approved the present study.

Autoantibodies

Antinuclear antibodies were determined by indirect immu-
nofluorescence on HEp-2 cells. The detection of the specific
antibodies, such as rheumatoid factor, lupus anticoagulant,
native anti-DNA, anti-RNP, anti-Sm, anti-Ro, anti-La, anti-
cardiolipins, anti-thyroglobulin, and anti-thyroid peroxidase
antibodies and other organ-specific autoantibodies, were
determined by commercial kits and were performed at each
participating center.

DNA Preparation and Genotyping

Genomic DNA from 34 patients and their relatives was
extracted from 10 mL of an EDTA-anticoagulated blood sam-
ple using the classical salting out protocol. Three hundred
ninety-three polymorphic Marshfield microsatellite markers
with an average spacing of ~10 cM from Marshfield Screening
Set 16 were genotyped by the Marshfield Center for Medical
Genetics (http://research.marshfieldclinic.org/genetics/)

Statistical and Genetic Analysis

Data were managed and stored using the SPSS program
(v17 for Windows, Chicago, IL, USA) and pedigree infor-
mation including demographic and genotype data for
each individual was stored in PROGENY v7 (http:/
www.progenygenetics.com/). Results are presented as
means + standard deviation and in percentages. Comparisons
between means were performed by the Student’s ¢ test, and
those between percentages were done by the X7 test and two-
sided Fisher’s exact test as appropriate. Crude odds ratios
(OR) were calculated with 95 % confidence intervals (CI). A
p value of less than 0.05 was considered as significant.

Clusters of ADs were examined by unweighted pair-
group method using arithmetic averages (UPGMA) [11].
UPGMA employs a sequential clustering algorithm, in
which local topological relationships are identified in order
of similarity, and the taxonomic tree is built in a stepwise
manner. Additionally bootstrapping was made taking into
account 1,000 replicas in order to evaluate the empirical
significance of the clustering. As rule of dumb, bootstrap-
ping of 70 % was considered equivalent to a significance p
value <0.05.

@ Springer

Familial aggregation (1g) was calculated for first-degree
relatedness (parent/offspring and sibling/sibling pairs) using
the formula A, = KRelative/K, Where Krelative (Kr) Was the
prevalence for a specific degree of relatedness in the
sample, and K was the prevalence in the control pedigree
samples or the mean prevalence in the population, as de-
scribed elsewhere [10]. A historical- and ethnicity-matched
control group, previously reported [10], served as control
pedigree group.

The association analysis between genotypes and MAS
taken as a trait was performed by the pedigree disequilibri-
um test (PDT), as described elsewhere [12, 13] by using
UNPHASED v3.0.9 [14]. General settings were as follows:
disease gene frequency (normal, 0.95; disease, 0.05); model,
dominant; phenocopy rate, 0.02; and penetrance, 0.98. Sig-
nificances were corrected by empirical permutation by ran-
domizing the transmission status of the parental genotypes.

Results
In this study, 84 patients with MAS were included (Table 1

and Fig. la). The mean age at onset of the first AD was
32.7+14 years and the mean duration of the disease was

Table 1 General characteristic of patients with MAS

Characteristic

Age at the study, years 44.3+14.7
Duration of disease, years 11.6+8.7
Age at the first AD, years 32.7+14
Age at the second AD, years 37413
Time interval between first and second AD, months 49+68
Age at the third AD, years 40+13.5
Time interval between second and third AD, months 34+48
Antinuclear antibodies 69/75 (92)
Anti-dsDNA 30/52 (58)
Anti-Sm 14/50 (28)
Anti-RNP 17/49 (35)
Anti-Ro 40/60 (67)
Anti-La 15/52 (29)
Anticardiolipin IgG 20/35 (57)
Anticardiolipin IgM 19/32 (59)
Lupus anticoagulant 11/21 (52)
Rheumatoid factor 25/36 (69)
Anti-thyroglobulin 24/34 (71)
Anti-thyroid peroxidase 32/46 (70)
Familial autoimmunity 23/43 (54)

Unless otherwise indicated, data correspond to number of cases
(percentages)

AD autoimmune disease
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11.6£8.7. The most frequent first ADs were SLE, AITD,
and SS, presenting in 32.7, 21.43, and 10 %, respectively.
The second more frequent ADs were SS, AITD, and SLE

presenting in 11, 9, and 8 %, respectively. The third most
frequent ADs were SS, AITD, and antiphospholipid syn-
drome, presenting in 16, 9, and 7 %, respectively (Fig. 1b).
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There were 20 (23.8 %) patients who presented a fourth AD,
and one patient presenting five ADs. Cladistic analysis
yielded 42 clusters with three ADs predominating: SLE,
SS, and AITD (Fig. 1a).

Of the 46 families of MAS cases, 12 (26 %) had at least
one first-degree relative (FDR) with an AD as compared
with 27 (21.8 %) of 124 families in the controls (Table 2).
When families were stratified by the number of FDR, the
risk of familial autoimmunity increased with the number of
FDR affected with an AD (Table 2).

Specific ADs in FDR of MAS patients and controls are
shown in Table 3. The percentage of FDRs with at least one
AID in patients was 6.7 % as compared with 3.85 % in
controls (OR 2.7, 95 % CI 1.50-4.88, p=0.001).

The general statistics of the pedigrees for the MAS patients
and controls are disclosed in Table 4. The mean pedigree size,
standard deviation, as well as the total number of relative pairs
were obtained in order to calculate the prevalence for each
AD. The analyses were restricted to FDR.

The prevalence for each AD as well as for all ADs taken
together for each pair of relatives (parent/offspring, sibling/
sibling, and total FDR) is disclosed in Table 5. Previously
reported prevalences were also taken into account [10].
These prevalences were used to calculate the familial aggre-
gation for different degrees of relatives (Table 6). Values
supporting familial aggregation (1>1.0) were observed us-
ing both the data on pedigrees and putative published prev-
alences. Familial aggregation of AITD, SLE, T1D, and all
AID taken together (Table 3) was observed in families of
MAS patients.

Results of PDT yielded eight loci associated with MAS at
chromosomes 1p35.1, 6p22.3, 7p15.3, 13q31.1, 14q32.12,

Table 2 Familial characteristics of MAS patients and control
individuals

Characteristic MAS Controls
n=46 n=124
Age (years) 44.3+14.7 53.5+12.8

Number of FDRs 194 857

Families with<5 FDRs, (%) 35 (76) 7 (5.6)
Families with 6-10 FDRs, (%) 10 (22) 47 (37.9)
Families with>11 FDRs, (%) 1(2) 70 (56.5)
Families with a FDR having at least one AD

No (%) 34 (74) 97 (78.2)
Yes (%) 12 (26) 27 (21.8)
Number of FDRs with AD

0 (%) 33 (72) 97 (78.2)
1 FDR (%) 6 (13) 22 (17.7)
>2 FDRs (%) 7 (15)* 54)

FDRs first-degree relatives, 4D autoimmune disease
*OR 4.3, 95 % CI 1.28 to 14.23, p=0.01

@ Springer

16p12.1, 18q21.32, and 21g22.2 (Fig. 1c, d). Only marker
wise analyses were performed because the moderate size of
the families precludes confident haplotype definition.

Discussion

In this study, we analyzed the characteristics of a large series
of patients with MAS. Our results disclosed (1) three main
clusters of polyautoimmunity, (2) aggregation of ADs in
families of patients with MAS (i.e., familial autoimmunity),
and (3) eight loci associated with autoimmunity.

One of the first descriptions of MAS corresponded to a
young woman presenting with RA, ITP, PA, Hashimoto's
thyroiditis, SSc, and CD [15]. Her family study revealed
RA, PA, and T1D among her FDRs. She carried the HLA-
Al, HLA-A2, HLA-B5, HLA-B8, HLA-DR3, and HLA-
DR4 groups [15]. This case well illustrates the relationship
between familial autoimmunity and polyautoimmunity in
the proband and the presence of a single genotype respon-
sible for diverse ADs. Somers et al. [16] by using the UK
General Practice Research Database demonstrated coexis-
tence of RA, AITD, and T1D at higher than expected rates
but reduced comorbidity between RA and multiple sclerosis
(MS). Current data support a tendency for ADs to co-occur
at greater than expected rates within proband patients and
their families [17].

Polyautoimmunity has been reported in most of the ADs
including SLE (41 %) [18], SSc (38 %) [19], PBC (32 %)
[20], VIT (27 %) [21], MG (13 %) [22], Graves' discase
(10 %), Hashimoto's thyroiditis (14 %) [23], and MS (6 %)
[24] among others. The main difference between polyau-
toimmunity and the overlap syndromes lies in the fact that
the former is the presence of two or more well-defined
autoimmune conditions fulfilling validated classification
criteria while the later is the partial presence of signs and
symptoms of diverse ADs. Most of the cases of overlap
syndromes have been described in cross-sectional studies.
As our results show, there is a lag time interval between the
first and the second AD (Table 1). Just as in the mixed
connective tissue disease (MCTD), the classical overlap
syndrome, in which some patients will develop during the
course of the disease SLE, SSc, or RA, and some, will be
presenting with a longstanding MCTD [25].

We have reproduced a cluster analysis for MAS by esti-
mating uncorrected general distances from a categorical
character matrix, which depicted the MAS disease profile
(Fig. 1a). Three major clusters were obtained, from which
three main conditions are represented and might be consid-
ered as the “chaperones” of the autoimmunity namely SLE,
AITD, and SS. The fourth cluster deserves further investi-
gation since it corresponded to a series of young patients.
However, this fourth cluster was characterized by the



Clinic Rev Allerg Immunol (2012) 43:256-264

261

Table 3 Specific AD in FDRs
of patients and controls 4D

AD in FDRs of MAS patients AD in FDRs of controls

Systemic lupus erythematosus
Rheumatoid arthritis

Vitiligo

Type 1 diabetes

AD autoimmune disease, FDR
first-degree relative

*OR=2.7, 95 % CI 1.50-4.88,
p=0.001
"No FDRs among controls had

more than one AD, OR=1.8, 95
% C10.92-3.47, p=0.08

Autoimmune thyroid disease
Total

Number of FDRs with at least one AD

4 1
2 10
1 3
1 1
11 18

19/194 (9.8 %)
13/194 (6.7 %)

33/857 (3.85 %)
33/857 (3.85 %)°

presence of CD. It is probably that other clusters exist and
that ours reflect those related mainly to autoimmune rheu-
matic diseases. However, it is noteworthy that the above-
mentioned clusters which were obtained in our own cases
are similar to those previously reported from the literature
[6, 17].

Aggregation of autoimmunity was observed in fami-
lies of MAS patients (Table 3), mainly AITD and SLE.
Two different estimates of excess risk are possible when
dealing with family data; first, to treat the presence of
the disease in relatives as a risk factor for the development
of the disease in probands (type I RR) or to evaluate
whether the relatives of an affected index person have
an excess risk of disease compared to the general pop-
ulation (type II RR) [26]. Familial autoimmunity has been
consistently associated with polyautoimmunity [17-19].
Unlike familial AD (i.e., the same AD in a nuclear
family), familial autoimmunity uses the term “autoimmune”
as a trait that encircles all accepted pathologies for which
evidence suggests an autoimmune origin. There is increased
evidence for aggregation of diverse ADs in families of patients
with an AD [4].

ADs are entities frequently observed in genetically sus-
ceptible individuals in whom their clinical expression is
modified by permissive and protective environments occur-
ring over time. These are complex diseases, meaning that

Table 4 Pedigree general statistics for patients and controls

Descriptors Pedigrees
MAS patients Controls
No. of pedigrees 46 124
Mean size = SD 6.09+2.51 6.91+3.40
(min, max) (3, 15) (3, 19)
Pairs Parent/offspring 374 1,216
Sibling/sibling 402 1,863
Sister/sister 179 90
Brother/brother 38 119
Brother/sister 185 206

their inheritance do not follow a single-gene dominant
or single-gene recessive Mendelian law, and thus that
they are polygenic. The impact of genetic predisposition
on susceptibility to ADs was first identified by the
analysis of disease concordance rates in monozygotic
twins (concordance rates ranged from about 15 to 57 %)
[27]. The decrease in the concordance rates of siblings
compared with the rate among monozygotic twins sup-
ports the presence of multiple genes contributing to the
autoimmune phenotype onset. The common variants/
multiple disease hypothesis has been invoked to underlie
the pathogenesis of several complex diseases [28, 29].
This hypothesis states that complex phenotypes are not
unique entities but are mosaics of common disease-
specific alleles and non-disease-specific modifying
alleles in the population influenced by a vast array of
environmental factors [28]. Becker et al. [30] on the
basis of previous AD linkage studies reported 18 com-
mon non-major histocompatibility complex loci clusters
and hypothesized a shared genetic basis for the autoim-
mune trait. Since then, several reports have confirmed
that autoimmune phenotypes might represent pleiotropic
outcomes of non-specific disease genes [I, 31-34]. To
date, in contrast to the numerous genome-wide association
studies for common variants, there have been only a few
studies reporting rare variants of large effect predisposing
individuals to ADs [35].

We identified eight loci associated with MAS (Fig. 1c, d).
All these loci harbor plausible genes for autoimmunity [34,
36]. For instance, 1p35.1 has been associated with Crohn's
disease and SLE [37, 38]. 6p22.3 is related to the major
histocompatibility complex and HLA genes, which is so far
the strongest locus associated with ADs [36]. A vulnerabil-
ity locus to MS maps to 7p15, a region that has been linked
to multiple common ADs [28, 39]. 13q31.1 locus has been
associated with MS and primary sclerosing cholangitis [40,
41], as well as with RA [42]. However, one should be
cautious about common associations between loci and
ADs because for some of them the association could be
not certainly the same and even opposite as it is the case
of some shared polymorphisms between RA and MS [43].
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Table 5 Prevalence of autoimmune diseases (ADs) in multiple autoimmune disease (MAS) patients and control individuals according to relatedness

AD Knyas® Kcr Reported K (population)®
P/O (N) SIB (N) REL (N) P/O (N) SIB (N) REL (N)
TID 0.00 (0) 0.25 (1) 0.13 (1) 0.08 (1) 0.00 (0) 0.03 (1) 0.34 (UK-Caucasian)
0.19 (North Americans)
0.48 (UK, USA-Caucasian)
AITD 1.07 (4) 1.49 (6) 1.29 (10) 0.66 (8) 0.54 (10) 0.58 (18) Graves
0.65 (UK-Caucasian)
0.80 (USA-Caucasian)
Hashimoto
0.80 (UK-Caucasian)
1.15 (USA-Caucasian)
SLE 0.27 (1) 0.75 (3) 0.52 (4) 0.00 (0) 0.05 (1) 0.03 (1) 0.024 (USA-Caucasian)
0.027 (UK-Caucasian)
RA 0.27 (1) 0.25 (1) 0.26 (2) 0.41 (5) 0.27 (5) 0.32 (10) 0.46 (South-Americans-Brazil)
0.55 (UK-Caucasian)
0.86 (USA-Caucasian)
VIT 0.27 (1) 0.00 (0) 0.13 (1) 0.16 (2) 0.05 (1) 0.10 (3) 0.40 (USA-Caucasian)
All ADs 1.87 (7) 2.74 (11) 2.45 (19) 1.32 (16) 0.91 (17) 1.06 (33) 2.5 (UK-Caucasian)

T1D type 1 diabetes mellitus, A/TD autoimmune thyroid diseases, SLE systemic lupus erythematosus, R4 rheumatoid arthritis, V77 vitiligo, MS multiple
sclerosis, P/O parent/offspring, SIB sibling/sibling, REL first-degree relatives, K45 prevalence for AD in MAS patient pedigrees, K, prevalence for AD
in control pedigrees, K prevalence in the general population, N number of observed relative pairs in the pedigrees

#Data are given in percentages. Prevalences are disclosed between relative pairs

® K¢y data were obtained from Anaya et al. [10]

Table 6 Familial aggregation (A\z) of ADs in families of patients with

MAS
AD Ar = Kyas/Ker Ar = Knas/K

Apio AsiB AREL Ap/o AsiB AREL
T1D NA NA 4.30 0.00 0.5 0.26
AITD 1.62 2.76 2.22 2.14 2.99 2.58
SLE NA 14.9 17.2 0.53 1.49 1.03
RA 0.65 0.92 0.81 0.53 0.50 0.52
VIT 1.67 0.00 1.29 0.53 0.00 0.26
All AD? 1.62 3.01 2.31 0.75 1.09 0.98

K45 prevalence for autoimmune disease (AD) in MAS patient pedi-
grees, K¢; prevalence for AD in control individual’s pedigrees, K
chosen prevalence for the general population, 1z recurrent risk ratio
(AR~ Kmus/(Kcror K)), where R is the specific relative pair used. P/O
parent/offspring, SIB sibling/sibling, REL first-degree relatives, NA
data not applicable

The ratio was calculated by a comparison between prevalence of MAS
(Kwmas) in patients depending on its first-degree relative disease or by using
the mean reported population prevalence for ADs (data for calculations were
obtained from Table 5). Because prevalences were not observed for K¢y, a
proper appreciation of 1 could not be accomplished. Nevertheless, if taking
these results into consideration, the A would disclose a high aggregation for
those ADs that were observed in patients but not in controls pedigrees

#When taken together, the chosen population prevalence (K) for auto-
immune disease was consider to be 25/1,000 individuals, and for each
individual autoimmune disease 5/1,000 individuals

@ Springer

14932 is a common locus for AITD and T1D, two common
associated diseases [44, 45]. 16p12.1 locus has been associ-
ated with SLE [46] and linked to RA [47]. 18q21.32
harbor CD226 gene which encodes the lymphocyte cell
surface CD226 (DNAMI1) receptor. A non-synonymous poly-
morphism in exon 7 of this gene, Gly307Ser (rs763361),
has been identified as conferring risk to many ADs [48]
including a MAS (PASII) [49]. Finally, we observed
that 21922 was also associated with MAS (Fig. 1c, d). This
locus has been previously associated with SLE and T1D
[50, 51].

It is noteworthy that not all ADs share the same genetic
susceptibility. Thus, the genetic risk factors for ADs consist
of two forms: those common to many ADs and those spe-
cific to a given disorder. Combinations of common and
disease-specific alleles at HLA and non-HLA genes, in
interaction with epigenetic and environmental factors over
time (i.e., gluten, tobacco, Epstein—Barr virus, cytomegalo-
virus, and so on), will determine the final clinical autoim-
mune phenotype [1]. Yet only around 20 % of the inherited
risk for ADs can be explained at present [1, 52]. Since MAS
represent the best example of polyautoimmunity [17] as well
as the effect of a single genotype on diverse autoimmune
phenotypes, its study will provide important clues to eluci-
date the common mechanisms of ADs [53].
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