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the other hand, higher levels of sCTLA-4 could compete
for the binding of the membrane form of CTLA-4 with
CD80/CD86 in the later phases of T-lymphocyte activa-
tion, causing a reduction in inhibitory signalling. This
double-edged nature of sCTLA-4 to block the binding of
CD28 to CD80/CD86 may result in different outcomes
during the clinical course of an autoimmune disease.
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Introduction

The antigen-specific T-lymphocytes response is a result
of two signals: the first needs T-cell receptor (TCR)/CD3
recognition of an antigen/major histocompatibility com-
plex molecule expressed on antigen-presenting cells
(APCs), and the second (also called the costimulatory
signal) is typically mediated by the interaction of CD28
with B7 family members on APCs [1]. Triggering
TCR/CD3 alone in the absence of a costimulatory signals
not only fails to induce an immune response, but can also
lead to a state of hyporesponsiveness or anergy [2].
Among B7 ligands, CD28 is the major costimulatory
molecule constitutively expressed on the majority of T
cells [3]. In contrast, cytotoxic T-lymphocyte antigen-4
(CTLA-4, CD152), a homologue to CD28, is a T-cell
costimulatory receptor able to attenuate the immune
response [4–6]. CTLA-4 is expressed on activated T cells
(both CD4+ and CD8+) and B cells [7] and on monocytes
and dendritic cells [8], and acts to downregulate cell
functions. In addition, CTLA-4 is expressed on the sur-
face of regulatory T cells, acting largely as a negative
regulator of T cell responses [9]. Because of its inhibito-

Abstract CTLA-4, initially described as a membrane-
bound molecule, is a costimulatory receptor transducing a
potent inhibitory signal. Increasing evidence shows the
CTLA-4 gene to be an important susceptibility locus for
autoimmune endocrinopathies and other autoimmune dis-
orders. A soluble form of cytotoxic T-lymphocyte-associ-
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ry functions, CTLA-4 could cause a breakdown of
immunological self-tolerance influencing the develop-
ment of (or the susceptibility to) autoimmunity.

A native soluble form of CTLA-4 (sCTLA-4) has
been described [10]. The presence of high serum concen-
trations of sCTLA-4 is correlated with several autoim-
mune diseases [11]. Moreover, increased plasma levels of
sCTLA-4 have been observed in patients with allergic
asthma [12] and allergy to Hymenoptera venom, but not
in those with allergic rhinitis [13]. A very recent study
has indicated the possibility of using sCTLA-4 as a bio-
marker of inflammation [14].

We present an up to date review of the possible rela-
tionships between sCTLA-4 and autoimmune disorders.
The literature data from the last few years provides
increasing evidence for the involvement of CTLA-4, and
also for the presence of circulating functional sCTLA-4,
in autoimmune diseases. On the other hand, the relation-
ship between the ability to produce sCTLA-4 and the
genetic regulation/modification of CTLA-4 is the not yet
fully clarified, and in some aspects is contradictory.

Autoimmunity and CTLA-4 genetics

Autoimmune diseases tend to cluster within families and
it is not uncommon that patients are diagnosed with more
than one autoimmune disease. Otherwise, inheritance of
autoimmune disorders is in general very complex and
most likely due to the presence of multiple susceptibility
genes, and to modulating environmental factors.

Candidate gene association studies have been per-
formed to identify genetic variants predisposing to sever-
al autoimmune diseases. However, the role of most of
these candidate susceptibility genes remains controver-
sial. The ability of CTLA-4 to regulate T and B cells has
been extensively explored in various human autoimmune
diseases, and the results suggest a relevant role in
autoimmunity. Originally, an association between CTLA-
4 and autoimmune disease was demonstrated in a case-
control study involving patients with Graves’ disease
(GD) [15]. Subsequently, the three known polymor-
phisms of the CTLA-4 gene were investigated for linkage
and/or association in a large number of human autoim-
mune diseases. Of interest, some polymorphisms of the
gene, such as those of exon 1 which alter CTLA-4 tran-
scription, increase susceptibility to type 1 diabetes (T1D)
and other autoimmune diseases [16–19].

The human CTLA-4 gene consists of four exons: exon 1
encodes a leader peptide (of approximately 37 amino
acids), exon 2 the ligand-binding domain (116 amino
acids), exon 3 the transmembrane domain (37 amino acids),
and exon 4 the cytoplasmic tail (34 amino acids) [20–23].

The human CTLA-4 gene is known to contain several
polymorphisms. The following three CTLA-4 polymor-
phisms have been the most frequently studied in several
autoimmune diseases. The first identified was the dinu-
cleotide (AT)n repeat polymorphisms located in the 3′-
untranslated region (3′-UTR) of exon 4 at position 642
(Genbank no. M37243, locus HUMIGCTL3) [24]. The
second polymorphism reported was a transition at posi-
tion 49 (A/G) of exon 1 which leads to substitution of
threonine to alanine in codon 17 of the leader peptide
(Genbank no. M74363) [25]. The third polymorphism is
characterized by a C to T transition at position −319 (C-
319T) of the promoter region (Genbank no. M74363)
[16]. In recent years, a number of other CTLA-4 poly-
morphisms within the CTLA-4 gene have been discov-
ered and analysed (for review see reference [11]).

Autoimmune thyroid diseases

Autoimmune thyroid diseases (AITD) are the most
common human autoimmune disorders, affecting more
than 5% of the general population [26]. AITD include
two related disorders: GD and the more common
Hashimoto’s thyroiditis (HT). GD and HT have very
different clinical phenotypes, the former resulting, as a
rule, in thyroid hyperfunction due to thyroid-stimulat-
ing TSH receptor antibodies, the latter in follicular cell
damage (mainly cell-mediated), but share common
immunogenetic factors [27]. Linkage of HLA suscepti-
bility genes with AITD have only been confirmed in
some ethnic groups suggesting that the HLA locus has
only a minor influence on the overall genetic predispo-
sition [28].

The CTLA4 locus is the only non-HLA locus for which
the association with GD has been repeatedly demonstrated
since 1995, when the first evidence for an association with
the CTLA-4 3′-UTR-microsatellite in a Caucasian popula-
tion was reported [29]. Linkage and association of the
CTLA-4 exon 1 polymorphism with GD, and to lesser extent
with HT, has been found in several populations, although
there seems to be some inconsistency, probably due to pop-
ulation heterogeneity [11, 17, 27, 30–33] (Table 1).

Type 1 diabetes

T1D (or insulin-dependent diabetes mellitus) is geneti-
cally complex and is characterized by immune-mediated
selective destruction of the pancreatic insulin-secreting
cells. T1D may develop throughout life, but peaks in
childhood. T1D was the first multifactorial disease to be
investigated by the whole genome linkage analysis

74 Autoimmun Highlights (2010) 1:73–81

123



approach [11, 34, 35], and several non-HLA T1D suscep-
tibility loci (IDDM2-17) have revealed some evidence of
linkage with the disease. CTLA-4 is considered from a
functional point of view, and on the basis of mapping
studies, the most likely known candidate gene. The first
evidence dates back 15 years, when for the first time
linkage to the CTLA-4 region in an Italian T1D dataset
was reported [24]. Furthermore, several family datasets
from Italy, Sardinia, Spain, the UK and the US were
analysed for association with the CTLA-4 exon 1 poly-
morphism. Even though a positive association was found
only in the Italian and Spanish data, combining all five
datasets provided significant evidence of an association
between the A49G allele and T1D. There have been sev-
eral subsequent studies and, despite some inconsisten-
cies, in most of these studies CTLA-4 polymorphisms
were found to be associated with T1D [34–36] (Table 1).

Myasthenia gravis

The autoimmune process in myasthenia gravis (MG)
causes a postsynaptic blockade of neuromuscular con-
duction mediated by autoantibodies directed against the
acetylcholine receptor [37, 38]. Candidate genes for MG

include the HLA, immunoglobulin genes, T-cell antigen
receptor genes and the acetylcholine receptor gene [11].
In addition, the association between CTLA-4 polymor-
phisms and MG has been investigated. Results obtained
very recently in one group of MG patients showed that
the +49A/G genotype is moderately increased in MG and
pemphigus [39] (Table 1).

Multiple sclerosis

Multiple sclerosis (MS) is a chronic demyelinating disease
that affects the central nervous system. The cause of MS is
unknown, but it has been proposed that the myelin damage
is immune-mediated (perivascular mononuclear cell infil-
trates precede myelin loss), either secondary to a viral
infection or a direct autoimmune process. The association
between HLA and MS is well documented, while linkage
of the CTLA4 region remains uncertain [11, 40] (Table 1).

Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory pol-
yarthritis of unknown aetiology characterized by remark-
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Table 1 Genetic studies of CTLA-4 polymorphisms in autoimmune diseases

Disease No. of patients No. of controls Population Polymorphism p value Reference

GD 2,640 2,204 Chinese Han 30
Combined rs231779 2.81×10−9

rs35219727 0.9792−9

Shandong rs231779 0.0019−9

rs35219727 1.3×10−5

Xuzhou rs231779 1.37×10−5

rs35219727 0.5995−9

Southern rs231779 0.0071−9

rs35219727 0.0961−9

436 316 Chinese rs231779 0.017−9 31
200 118 US +49A/G 0.018−9 32
99 93 Polish +49A/G 0.55−9 33

CT60 0.03−9

Jo31 0.02−9

HT 63 231 Slovak/Slovene +49A/G <0.05−9 34
CT60 <0.0005−9

T1D 320 231 Slovak/Slovene +49A/G <0.05−9 34
CT60 <0.0005−9

61 230 Estonian CT60 0.004−9 35
396 396 Egyptian +49A/G 0.000575−9 36

C-819T 0.0047−9

MG 46 98 Venezuelan +49A/G 0.002−9 39
MS 198 224 Australian +49A/G n.s−9 40
AR 199 199 Mexican +49A/G 0.1−9 41
CD 120 231 Slovak/Slovene +49A/G n.s.−9 34

CT60 n.s.−9

PBC 308 268 Japanese Haplotype 1 0.0095−9 48

n.s. not significant



able hyperplasia of synovial lining cells, neovasculariza-
tion, and intense infiltration in the synovium of mononu-
clear cells, predominantly CD4+ T cells [11]. These fea-
tures, together with the presence of rheumatoid factor
and/or anticitrullinated cyclic peptide antibodies, indi-
cate that RA is an autoimmune disease. Again, the occur-
rence of RA is strongly associated with the expression of
specific HLA-class II alleles [11], whereas linkage to
CTLA-4 polymorphisms seems to be associated only with
subgroups of patients [41] (Table 1).

Coeliac disease

Coeliac disease (CD) is a gluten-sensitive enteropathy
characterized by small-bowel mucosal atrophy. CD differs
from a “classical” autoimmune disorder in that a T-cell-
mediated immune response to immunodominant wheat
gliadin (a component of gluten) peptides combined with
the autoantigen tissue transglutaminase plays a crucial role
in the disease. Ingestion of gluten-containing cereals
induces immunologically mediated intestinal injury in
genetically susceptible individuals [11, 42]. Although the
HLA component of CD susceptibility is well characterized,
genes other than HLA are probably involved in CD predis-
position. In particular, a role for the so-called CELIAC3
region located on chromosome 2q33, which includes
CTLA-4, has been envisaged [42]. However, recently an
association with CTLA-4 polymorphisms has not been con-
firmed in Slovak and Slovene populations [34] (Table 1).

Primary biliary cirrhosis

Primary biliary cirrhosis (PBC) can be defined as a liver-
specific autoimmune disease characterized by the destruc-
tion of intrahepatic bile ducts, frequently evolving into
cirrhosis and hepatic failure [43]. The pathogenesis of
PBC is not fully understood, but genetic factors seem to
play a critical role [44]. Previous studies have shown that
T cells abundantly infiltrate the hepatic tissue [45, 46],
and the pyruvate dehydrogenase complex might be one of
the target antigens [47]. The 49AG and CT60 polymor-
phisms of CTLA-4 have been studied in PBC, but the
results observed are controversial [48]. In a Japanese pop-
ulation only one haplotype (CGGA) over five examined
single nucleotide polymorphisms was significantly asso-
ciated with susceptibility to PBC [48] (Table 1).

Soluble form of CTLA-4

A sCTLA-4, namely a functional molecule with specific
CD80 and CD86 binding ability, generated by alterna-

tively spliced mRNA has been described [10, 13, 20,
49–53]. The mRNA encoding sCTLA-4 consists of three
exons: exon 1 encoding the leader peptide, exon 2 the lig-
and-binding domain, and exon 4 the cytoplasmic tail, but
it lacks exon 3 encoding the transmembrane domain [10,
20, 53]. The spliced transcript produces a 23-kDa
sCTLA-4 characterized by a cytoplasmic tail shorter than
that of the full-length form of the CTLA-4 antigen. As
sCTLA-4 lacks the cysteine residue at position 120, it is
expressed as a monomer [53–55]. In addition, sCTLA-4
contains the MYPPPY motif located in the extracellular
domain which is critical for B7 molecule binding [23].
Therefore it maintains the ability to bind CD80/CD86
and to participate in the B7/CTLA-4/CD28 signalling
pathway of T-cell regulation [10, 20, 53].

Soluble CTLA-4 transcripts have been detected in
lymph nodes, spleen, CD4 and CD8 subsets of T cells, B
lymphocytes [10], and in monocytes [8, 56], but not in a
wide variety of nonlymphoid tissues. A distribution
analysis of the soluble and full-length CTLA-4 tran-
scripts among the CD4 and CD8 subsets of T cells has
demonstrated that CD4 cells express both transcripts at
the same level, whereas CD8 cells appear to express
nearly 2.5-fold more full-length product with respect to
sCTLA-4 [10, 20, 53]. An analysis of the association
between the sCTLA-4 mRNA level and exon 1 +49A/G
and CT60A/G CTLA-4 gene polymorphisms in healthy
subjects also showed that the sCTLA-4 mRNA level in
unstimulated CD4 T cells is higher for allele A at posi-
tion +49 and the CT60 A variant [29].

Detectable levels of sCTLA-4 have been demonstrat-
ed in human serum by immunometric assays and western
blot analysis [10, 11, 13, 20, 49, 51, 53, 55–60].
Recently, however, on the basis of mass spectrometry and
biochemical evaluation, the possibility that at least some
of the B7 binding material isolated from serum by means
of CTLA4 antibodies is not a product of the CTLA4 gene
has been considered [61].

sCTLA-4 and autoimmune diseases

Abnormal expression of CTLA-4 may result in the devel-
opment of autoimmunity in experimental systems and in
the autoimmune phenotype of the CTLA-4-deficient
mouse. In light of this information, the role of sCTLA-4
in activated cells due to its association with autoimmuni-
ty has been studied. Increased serum levels of sCTLA-4
have been reported in patients with several autoimmune
diseases significantly more often than in healthy individ-
uals [20, 33, 49–51, 60, 62]. Patients with GD [20, 33,
49], HT [20, 49], MG [50], systemic lupus erythematosus
[55], systemic sclerosis (SSc) [54], CD [51], autoimmune
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pancreatitis (AIP) [62] and spondyloarthropathies and
RA [60] have been investigated. The first studies on
sCTLA-4 serum levels in autoimmune disease were per-
formed 10 years ago [20] in 17 patients with GD and 3
patients with HT. Of the 20 patients, 11 had circulating
levels of sCTLA-4 in the range 28–78 ng/ml, whereas
only 1 of the 30 apparently healthy volunteer controls
had an sCTLA-4 level greater than 4 ng/ml [20]. 

In a more recent study, we found sCTLA-4 in 59 out of
90 serum samples from patients with autoimmune thyroid
diseases (both GD and autoimmune thyroiditis) with levels
ranging from 0.1 to 50 ng/ml. In contrast, 6 of 45 serum
samples from healthy controls had detectable sCTLA-4
(from 0.1 to 36.1 ng/ml) [49]. In addition, we observed
that sCTLA-4 levels were not related to specific clinical
manifestations, such as clinical thyroid status (hypo- or
hyperthyroidism), circulating thyroid hormones, or other
clinical features (ophthalmopathy). Thus, sCTLA-4 pro-
duction does not seem to be affected by disease evolution
over time [49]. However, a recent study has shown that
increased sCTLA-4 serum levels correlate with the severi-
ty of Graves’ ophthalmopathy [33]. The discrepancy in
these finding may be related to the greater number of GD
patients enrolled in the later study (93 vs. 31). In addition,
significantly higher serum levels of sCTLA-4 were found
in a group of 100 patients with SLE than in healthy con-
trols (21.6±12.3 ng/ml vs. 5.9±5.4 ng/ml, p<0.001) [53].
Elevated serum sCTLA-4 levels were found in 32 patients
with diffuse cutaneous SSc compared with healthy sub-
jects (p<0.001), while mean serum sCTLA-4 levels in 27
patients with limited cutaneous SSc did not differ from
those in control subjects [54]. 

In addition, sCTLA-4 seems to correlate with disease
severity and activity of SSc [54]. Patients with MG also
show increased serum levels of sCTLA-4 [50]. The medi-
an sCTLA-4 level in a group of 96 patients with MG was
6.8 ng/ml (range 0–1,200 ng/ml), while in the control
group it was 3.0 ng/ml (range 0–600 ng/ml; p<0.001)
[50]. The serum levels of sCTLA-4 have been found to be
positively correlated with the serum concentration of
antibodies against the acetylcholine receptor (r=0.396,
p<0.01) [50]. Among MG patients classified according to
thymic histopathology those with thymoma were found
to have higher levels of sCTLA-4 than the others [50].
No difference in serum sCTLA-4 level was found
between patients with and without immunosuppressive
treatment [50, 63]. In addition, there was no correlation
between CTLA-4 gene polymorphisms in the promoter
region at position −319 [63] and in the 3′-UTR of exon 4
at position 642 [50] and the levels of sCTLA-4 in patients
with these autoimmune diseases.

More recently, we found an increased in sCTLA-4
levels in the serum of patients with untreated CD (in 54

out of 75 CD patients; range 0.1–96.4 ng/ml), and
analysed its possible immunoregulatory function [51]. A
comparison of these results with those obtained in 85
patients with CD in remission on a gluten-free diet
showed that sCTLA-4 concentrations are related to
gluten intake. A correlation between autoantibodies to
tissue transglutaminase or the degree of mucosal damage
and sCTLA-4 concentrations h also been found [51]. In
addition, we have observed that serum sCTLA-4 is able
to downregulate the proliferative ability of T lympho-
cytes in vitro [51].

A possible genetic association between CTLA-4
polymorphism and AIP has been shown [62, 64]. In addi-
tion, a recent study has shown that serum sCTLA-4 lev-
els are increased in AIP [62]. The analysis was per-
formed in a group of 52 patients and 32 controls. Serum
sCTLA-4 levels were significantly higher in patients with
AIP (average 8.9 ng/ml) than in healthy subjects (2.9
ng/ml). In addition, the +6230 G/A polymorphism was
increased in AIP, although it did not influence sCTLA4
levels in AIP patients.

In recent years, interest in sCTLA-4 has extended
from the original study of autoimmunity towards a wider
field of analysis. Studies in patients with allergic asthma
[12] and allergy to Hymenoptera venom [13] are exam-
ples. In addition, very recent studies suggest the possibil-
ity of using sCTLA-4 as a biomarker of inflammation
[14] and indicate that some polymorphisms of CTLA-4
are important factors associated with risk of or protection
from some infectious diseases [39].

Does sCTLA-4 regulate lymphocyte functions?

Cellular activation appears to regulate the relative level
of each CTLA-4 transcript. sCTLA-4 mRNA expression
is inhibited after 24–48 h of activation with con-
canavalin A plus phytohaemagglutinin [20]. After
72–120 h of activation the sCTLA-4 transcript increases,
but it does not exceed about two-thirds of total mRNA
CTLA-4 [20]. Similar results were obtained upon activa-
tion of human peripheral blood mononuclear cells with
anti-CD3 plus anti-CD28 [20]. In addition, short-term T-
cell stimulation with phorbol 12-myristate plus iono-
mycin for 6 h or anti-CD3 plus anti-CD28 monoclonal
antibody has been shown to lead to inhibition of mRNA
sCTLA-4 expression [20]. It was also observed that
interferon beta-1a (IFN-β1a) enhances the expression of
sCTLA-4 in human mononuclear cells from healthy sub-
jects [65]. Analysis of unstimulated mononuclear cells
incubated in complete medium with and without IFN-
β1a for 72 h did not show any differences in cDNA full-
length CTLA-4 band intensity, whereas the amount of
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sCTLA-4 transcript was higher after IFN-β1a treatment.
This result shows a selective induction of sCTLA-4 by
IFN-β1a in human cells which might exert immunomod-
ulatory effects [65].

Several studies have shown that serum sCTLA-4, as
well as the recombinant form, is able to inhibit the mixed
leucocyte reaction in a dose-dependent manner (up to
complete inhibition at high concentrations) [10, 11, 13,
49, 51]. It has been shown [66, 67] that recombinant
sCTLA-4 protein (CTLA4-Ig) induces different types of
APCs, including dendritic cells, to catabolize tryptophan
by indoleamine-2,3-dioxygenase. This process is impor-
tant in inhibiting T-cell proliferation [68].

The finding that levels of sCTLA-4 are directly relat-
ed to the levels of proinflammatory cytokines [14] sup-
ports the hypothesis of the immunoregulatory capability
of sCTLA-4 in vivo. Thus, sCTLA-4 might be one of the
factors causing the appearance of dysregulated T lym-
phocytes in the elderly.

What does raised sCTLA4 really mean?

Since our 2008 update 11 new articles on the genetic
polymorphisms of CTLA-4, and three on the presence of
sCTLA-4 in the serum of autoimmune patients, have
been published [11], underlining the high level of inter-
est in these topics. The critical point emerging from the
literature is that the relationship between CTLA-4 poly-
morphisms and the ability to produce the soluble form is
not fully clarified. In addition, such a relationship seems
in some points contradictory. Indeed, it is difficult to
explain why autoimmune disease susceptibility geno-
types (+49G/G and CT60G/G) are associated with lower
levels of sCTLA-4 transcripts [10, 11, 35, 61, 62, 69–74].
It may be hypothesized that abnormal translation of both
CTLA-4 transcripts (sCTLA-4 and full-length CTLA-4)
and/or abnormal intracellular trafficking and release of
sCTLA-4 may occur in patients with autoimmune dis-
eases with high levels of sCTLA-4. Moreover, sCTLA-4
production seems to be correlated with a complex genet-
ic control involving not only the CTLA-4 gene, but other
related polymorphic genes, such as ICOS [75]. As a last
point, as mentioned above, one recent report [61] ques-
tioned whether the soluble molecules recognized by
CTLA-4 monoclonal antibodies and able to bind B7 anti-
gens (isolated from the serum of MG patients) are defi-
nitely products of CTLA-4 transcripts.

Nevertheless, the increase in sCTLA-4 seems to be a
quite general phenomenon potentially relevant for the
pathogenesis of autoimmune diseases. In fact, sCTLA-4
may have important immunoregulatory functions. On the
one hand, sCTLA-4 may bind CD80/CD86 natural lig-

ands expressed on APC and thus interfere with CD80/ -
CD 86:CD28-mediated costimulation of the early T-cell
responses (Fig. 1a). On the other hand, sCTLA-4 may
also be capable of interfering with CD80/CD86:CTLA-4
interactions, thereby blocking the negative signal impart-
ed via the membrane-bound form of CTLA-4 in the later
phases of T-cell responses (Fig. 1b). Thus, such a regula-
tory role of this soluble molecule could also be exerted at
the cytokine production level. In fact, it has been found
that the production of IL-2, IFN-γ, and IL-13 is sharply
reduced following crosslinking of the CTLA-4 inhibitory
receptor; in contrast, the production of IL-10 and TGF-β
is significantly increased. The biological functions of
these cytokines are known [9, 76]. It follows that the out-
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Fig. 1 T-cell activation and costimulatory signals: does sCTLA-4
interfere with T-cell functions? a T-cell activation requires two sig-
nals: the first is provided by antigen–TCR engagement and the second
is mainly provided by the interaction of the costimulatory molecule,
CD28, with its B7 ligands, on APCs. The presence of sCTLA-4 dur-
ing the initial phase of T-lymphocyte activation could block the bind-
ing of B7 to CD28, resulting in inhibition of T cells. b The CTLA-4
membrane receptor is a costimulatory molecule able to bind the B7
ligands and, in contrast to CD28, provides a negative signal for T-cell
activation. CTLA-4 is expressed during the late phase of T lympho-
cyte activation. In this context, sCTLA-4 could prevent the interaction
between the membrane-bound CTLA-4 and B7, resulting in a reduced
negative signal (i.e. ongoing T-lymphocyte activation). Green T lym-
phocytes activated, red T lymphocytes inhibited

a

b



come of CD80/CD86 engagement by sCTLA-4 could
result in control of cell-mediated autoimmunity.

It is not possible, in our opinion, to claim that
sCTLA-4 is a clinically useful biomarker for the manage-
ment of autoimmune disease on the basis of the data
available to date. However some points deserve attention
and open a possible perspective. For example, in our
study mentioned above [51] follow-up of serum sCTLA-
4 in CD demonstrated a significant sCTLA-4 reduction
following exogenous gluten withdrawal. In another dis-
ease, namely GD [49], in which the presence of trigger-
ing autoantigen(s) is long-lasting, we have observed high
sCTLA-4 levels even after radioiodine treatment. The
time-course of serum sCTLA-4 reduction in CD in com-
parison to tissue transglutaminase autoantibodies
requires specific investigation to ascertain its possible
clinical added value. Even more importantly, we have
shown that sCTLA-4 in CD closely correlates with gut
histology in untreated disease. This is of potential inter-
est due to the clinical need for serological markers corre-
lating with the degree of villous atrophy [77, 78].
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