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Introduction

The cytotoxic T lymphocyte antigen 4 molecule (CTLA4 or
CD152), expressed on activated T cells, is an inhibitory regu-
lator of T cell activation [1-3]. It is part of the complex
CTLA4/CD28/CD80/CD86 pathway, one of the most impor-
tant co-stimulatory (‘second signal’) pathways essential for T
cell activation, next to the major histocompatibility complex
(MHC)-T cell receptor interaction. CD28 up-regulates acti-
vation when binding to B7 on an antigen-presenting cell
(APC), whereas CTLA4 is described to inhibit T cell activa-
tion [3]. It is conceivable that competition with CD28 as well
as intracellular signalling play a role in the immunomodu-

latory process of CTLA4 [4].

The therapeutic potential of modulating CTLA4-
related immunity has been proved extensively in several
animal transplant models [5-8]. Treatment with CTLA4Ig,
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Summary

Cytotoxic T lymphocyte antigen 4 (CTLA4) is a potent inhibitory
co-stimulatory molecule believed to be involved in type 1 diabetes and other
autoimmune diseases. An association has been reported of both mRNA
expression and serum levels of the soluble splice variant of CTLA4 (sCTLA4)
with type 1 diabetes. Furthermore, recombinant fusion proteins CTLA4Ig and
LEA29Y have been proposed as therapies for type 1 diabetes. We studied the
role of (s)CTLA4 in islet autoimmunity. Binding capacity of the proteins to
antigen-presenting cells was determined by flow cytometry in competition
and binding assays. Functionality of sSCTLA4 as well as the therapeutic inhibi-
tory fusion proteins CTLA4Ig and LEA29Y was measured in a dose-response
lymphocyte stimulation test, using a panel of diabetes-associated T cell clones
reactive to islet autoantigens. As controls, mixed lymphocyte reactions (MLR)
were performed to assess functionality of these proteins in a primary allore-
active setting. All three CTLA4 molecules were able to bind to antigen-
presenting cells and inhibit the expression of CD80/CD86. sCTLA4 was able
to suppress proliferation of different committed autoreactive T cell clones in
a dose-dependent manner, whereas CTLA4Ig and LEA29Y were not. Con-
versely, CTLA4Ig and LEA29Y, rather than sCTLA4, were able to suppress
naive alloreactive proliferation in a MLR. Our results indicate a differential
role for sCTLA4, CTLA4Ig and LEA29Y proteins in memory versus primary
immune responses with implications for efficacy in intervention therapy.

Keywords: alloimmunity, autoimmunity, CTLA4Ig, soluble CTLA4, type 1
diabetes

a recombinant fusion protein of the extracellular domain of
CTLA4 and a humanized Ig-tail could, at least in part, inhibit
allograft rejection [2,9,10]. The CTLA4Ig construct (abata-
cept) and its more potent modification LEA29Y (belatacept),
which dissociates more slowly from CD80/CD86 than
CTLA4Ig due to two amino acid substitutions [11], are
tested for use in clinical transplantation [11-14].

Next to transplantation, a role has been suggested for
CTLAA4 in autoimmune disease. Treatment with CTLA4Ig in
experimental models was able to reverse autoimmunity
[15-17]. In the non-obese diabetic (NOD) mouse model,
CTLA4lg administered early in life inhibited the deve-
lopment of autoimmune diabetes, but it did not when
administered in a later stage of the disease [17].Various
genetic polymorphisms of CTLA4 have been shown to be
associated with type 1 diabetes and other autoimmune dis-
eases [4,18,19]. A genetic correlate has been suggested
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between type 1 diabetes and decreased mRNA transcription
of the non-membrane-bound, soluble form of CTLA4
(sCTLA4) [18]. In contrast, increased serum levels of
sCTLA4 have been found in patients suffering from
autoimmune thyroiditis and systemic lupus erythematosus
[20,21]. A recent report showed a minor, age-related
increase in sSCTLA4 levels in type 1 diabetes patients [22].

CTLA4Ig therapy has also shown potential in clinical
autoimmune disease. Psoriasis patients were treated with
CTLA4Ig with considerable success [23]. Furthermore, a
pilot study showed a beneficial effect of CTLA4Ig treatment
in rheumatoid arthritis patients [24]. However, CTLA4Ig has
not been tested in human T cell-mediated disease type 1
diabetes.

To investigate the functionality of naturally occurring and
recombinant soluble CTLA4 proteins in T cell-mediated
autoimmunity, their function was tested in diabetes-
associated activated T cell clones that are established in vitro
tools to mimic the autoimmune process in type 1 diabetes
[25-27]. The immune modulatory potential of these pro-
teins in chronic autoreactivity was compared with their
functionality in primary (allogeneic) responses, tested by
mixed lymphocyte reaction (MLR).

Methods

Antigens and proteins

CTLA4lg and LEA29Y were a gift from Dr R. Peach
(Bristol Myers Squibb, Princeton, NJ, USA). Recombinant
IA-2 was a gift from Dr J. Elliot (University of Alberta,
Edmonton, Canada). Glutamic acid decarboxylase (GAD)
was obtained from Diamyd (Stockholm, Sweden). Mono-
clonal fluorescently labelled anti-CD3, anti-CD80 and
anti-CD86 were obtained from Pharmingen (Los Angeles,
CA, USA) and anti-CTLA4 from Ancell (Bayport, MN,
USA).

Production of soluble CTLA4

Soluble CTLA4 (sCTLA4) was expressed from the
pIRES1neo vector (Clontech, Mountain View, CA, USA).
Briefly, the sCTLA4 insert was subcloned bidirectionally
from the pCR3 vector described in Oaks et al. [28] into the
pIRES1neo vector via EcoRI sites. Inserts in the alpha orien-
tation relative to the cytomegalovirus (CMV) promoter were
identified through conventional restriction digest mapping,
and individual plasmids were transfected with Lipo-
fectamine 2000 (Invitrogen Corporation, Carlsbad, CA,
USA) into Chinese hamster ovary (CHO) cells to verify
expression. After selection of G418-resistant CHO lines,
cell culture supernatants were tested for immunoreactive
rat sCTLA4 using enzyme-linked immunosorbent assay
(ELISA) as described previously [20]. A single plasmid that
gave the highest expression of CTLA4 in the CHO system
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was chosen for all further expression studies. For produc-
tion, cell culture supernatants were collected in protein-free
CHO media (HyClone, Logan, UT, USA), purified by
column chromatography and quantified by spectrophoto-
metric analysis.

CTLA4 binding assay

Binding studies were performed to assess the ability of the
CTLAA4Ig construct to bind to APCs in vitro. Human leuco-
cyte antigen (HLA) DR1 matched peripheral blood mono-
nuclear cells (PBMCs) that were used as APCs in the rat
insulinoma (RIN)-specific proliferation assay were blocked
with 10% human serum in RPMI-1640 for 1h to avoid
non-specific Fc receptor binding. Subsequently, the cells
were incubated for 1 h with CTLA4Ig, LEA29Y or sCTLA4
(0-9 nmol/1) at 37°C. The cells were then washed and stained
for 20 min at 4°C with fluorescent-labelled monoclonal anti-
bodies against CD3, CD80, CD86 and CTLA4 (Fig. la).
Surface expression of markers was measured on a fluores-
cence activated cell sorter (FACS)Calibur (Becton Dickin-
son, Breda, the Netherlands) using Cellquest Pro software.

T cell proliferation assay

The isolation of T cell clones 1C6 (HLA-DRI1-restricted,
reactive to insulin secretory granules and RIN) and PM1#11
(HLA-DR4-restricted, reactive to GAD) has been described
previously [25,27]. An HLA-DR3-restricted, polyclonal
autoreactive T cell line against the islet autoantigen IA-2 was
derived from peripheral blood mononuclear cells of
new-onset type 1 diabetes patients [29].

T cells (2 x 10*/well) were incubated at 37°C with HLA-
class IT matched, irradiated APCs (5 x 10*/well) derived from
healthy blood donors and the appropriate antigens. Each
condition was set up in triplicate in 96-well flat-bottomed
plates in 200 ul Iscove’s modified Dulbecco’s medium
(IMDM) with 2 mmol/l glutamine (G1Bco, Paisley, Scotland,
UK) and 10% pooled human serum. Different concentra-
tions of CTLA4Ig, LEA29Y or sCTLA4 as well as monoclonal
antibodies to CTLA4, CD80 and CD86 were added to the
cells. Viability of cells was assessed by proliferation of T cells
and APCs in response to 5% interleukin (IL)-2-containing T
cell growth factor (Lymfocult, Biotest, Frankfurt, Germany)
and to 1% phytohaemagglutinin, respectively. Possible tox-
icity of the proteins was assessed by APC-independent
stimulation with T cell growth factor. After 3 days of incu-
bation, [’H]-thymidine (0-5 uCi per well) was added and
thymidine incorporation was measured 16 h later on a beta
plate counter.

For calculation of the inhibitory capacity of added
proteins, normalization of the data by taking the natural
logarithm (In) was required in view of the exponential nature
of T cell proliferation. After normalization, inhibition was
calculated by comparing the stimulation index of the test
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sample with the stimulation index of the positive control
response (with the appropriate antigen but without addi-
tion of CTLA4 protein) using the following formula: %
inhibition = 100 — (100 X [(In test sample/ln neg.control)
— 1]/[(In pos.control/In neg.control) — 1)].

Cytokine production assay

Cytokine release during incubation was assessed by Luminex
analysis. For this procedure, culture supernatants were incu-
bated for 45 min with antibody-coated beads specific for
various human cytokines. Subsequently, plates were washed
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and incubated with biotinylated anti-cytokine detection
antibody for 30 min. After washing, streptavidin phyco-
erythrin (PE) was added for 10 min to bind to the detection
antibody. Specificity of the bead for a certain cytokine and
the amount of binding of cytokines were analysed by a
double-lasered Bio-plex reader (Bio-Rad, Veenendaal, the
Netherlands).

MLR
In vitro alloreactivity was assessed as follows: 10° responder

cells (PBMCs) were incubated at 37°C with 10° HLA-
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mismatched stimulator cells in triplicate in 96-well round-
bottomed plates in 200 ul IMDM with 2 mmol/l glutamine
(GiBco) and 10% pooled human serum. Different concen-
trations of CTLA4Ig, LEA29Y or sCTLA4 were added to the
cells. After 5 days of incubation, [*H]-thymidine (0-5 uCi per
well) was added for 16 h and thymidine incorporation was
measured on a beta plate counter.

Results

CTLA4 binding assay

The capacity of the proteins to bind to APCs was assessed by
a flow cytometry-based binding assay (Fig. 1). CTLA4Ig and
LEA29Y bound to the cell surface of APCs, as indicated by
the decreased availability of CD80 and CD86 to bind anti-
bodies directed against these on CD3-negative PBMC, indi-
cating that a proportion of CD80/86 was engaged in binding
to CTLA4Ig/LEA29Y (Fig. 1b—c). Binding of CTLA4Ig/
LEA29Y to the cell surface was confirmed by an increased
staining intensity of anti-CTLA4 (Fig. 1d). sCTLA4 inhib-
ited binding of anti-CD80/86 slightly, implying that sCTLA4
is less able to inhibit recognition of its ligands than
CTLA4Ig/LEA29Y. We could not confirm binding of sCTLA4
to APCs with an anti-CTLA4 monoclonal antibody, due pre-
sumably to the fact that sSCTLA4 is monomeric, or as a result
of unavailability of the anti-CTLA4 epitope in sCTLA4,
which is a splice variant.

Autoreactive T cell proliferation

High concentrations of soluble CTLA4 were able to inhibit
proliferation of the IA-2-specific line and the GAD- and
RIN-specific autoreactive T cell clones in a dose-dependent
manner (Fig. 2a—c). In lower concentrations, similar to
those reported in human serum (typically 20-70 ng/ml,
1-3 nmol/l), no inhibition of proliferation was noticed.

Surprisingly, CTLA4Ig and LEA29Y were unable to inhibit
proliferation of any of the three autoreactive T cell popula-
tions (Fig. 2a—c), even in very high concentrations (300—
900 nmol/l comparable to trough levels found in the serum
of transplanted animals [11]). These results were reproduc-
ible for each T cell clone/line.

Taking into account all six autoreactive proliferation
experiments, the capacity of sCTLA4 to inhibit proliferation
was significantly higher than that of CTLA4Ig and of
LEA29Y (P < 0-001 for both by Kruskal-Wallis test corrected
for multiple comparisons, Fig. 2d). Furthermore, the inhibi-
tion of proliferation was accompanied by a shift in cytokine
production: the interferon (IFN)-y/IL-10 ratio decreased in
the cells treated with high-dose sCTLA4, whereas it increased
with CTLA4Ig and LEA29Y (Fig. 2e).

Possible toxicity as a cause of the sSCTLA4-mediated inhi-
bition was assessed by proliferation of T cells with tissue cell
growth factor only. Addition of sCTLA4 reduced this APC-
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independent proliferation by 17%, indicating only a small
role for toxicity in the inhibition of T cell responses
by sCTLA4. Furthermore, flow cytometry staining using
7-amino-actinomycin D (7-AAD) showed comparable
viability of cells incubated with and without sCTLA4 (data
not shown).

Alloreactive T cell proliferation

The functionality of the proteins was assessed further in a
primary alloreactive setting to determine the potential to
prevent, rather than intervene in, T cell activation. For this
purpose, one- and two-way MLRs were performed with both
single and double HLA class II mismatches. Figure 3 depicts
one of these experiments, using HLA-DR3/3 responder and
irradiated DR4/4 stimulator cells. Proliferation could be mar-
ginally reduced only marginally by sCTLA4 in high concen-
trations, whereas CTLA4Ig and LEA29Y were able to inhibit
proliferation almost completely. These data were similar
when using single mismatch combinations and/or two-way
MLRs, confirming the inhibitory capacity of CTLA4Ig and
LEA29Y in an in vitro alloreactive setting that mimics primary
reactivity, a possible target for preventive immunotherapy.

Discussion

CTLAA4 has been recognized increasingly as a key regulator
molecule of T cell activation. The use of CTLA4 fusion pro-
teins has shown considerable potential in inhibiting allograft
rejection in animal transplant models, conceivably by pre-
vention of primary immune reactivity. Experiments in
autoimmune models have suggested that blockade of CTLA4
may also prevent, delay or intervene in autoimmunity
[15-17], but the functional role of CTLA4 in autoimmunity
is still subject to debate.

The relation between CTLA4 gene polymorphisms and
autoimmunity has been proved repeatedly [4,18,19].
However, the suggested relation of the CT60 A—G polymor-
phism with lower mRNA expression of its soluble isoform
seems counterintuitive, and could not be confirmed in other
studies [30-32]. In our own genetic studies, we could not
find a relation in 25 type 1 diabetes patients between the
CT60 A-G polymorphism and sCTLA4/full-length CTLA4
mRNA ratio either (unpublished observation). Further-
more, in a recent report no correlation between the sCTLA4
polymorphism and sCTLA4 serum levels in type 1 diabetes
patients was found [22]. In the same report, only minor
differences in SCTLA4 serum levels between type 1 diabetes
patients and controls were observed.

From our present study, however, it can be concluded that
high concentrations of soluble CTLA4 are able to inhibit
committed (autoreactive) T cell proliferation in vitro.
Although these levels are much higher than those seen in
human serum samples, sSCTLA4 levels may increase locally at
sites of inflammation. A first conclusion should therefore
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Fig. 2. Proliferation of autoreactive T cell line specific for IA-2 (a) and T cell clones specific for glutamic acid decarboxylase (b) and rat insulinoma

(RIN) (c). The x-axis indicates the added concentration of protein, the y-axis indicates proliferation in counts per minute (cpm). [J = without
peptide (negative control), Ml = with peptide (positive control), ® = cytotoxic T lymphocyte antigen 4 (CTLA4)Ig, A = LEA29Y, ¥ = soluble CTLA4.
Shown are mean = standard error. All data were reproduced once. (d) Average suppression of the highest concentration per protein in all six

experiments performed. (e) Cytokine production (interferon-y/interleukin-10 ratio) of the anti-RIN clone treated with the highest concentrations.
***P-value < 0-001.
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Fig. 3. One-way mixed lymphocyte reaction (MLR), assessing the
inhibitory capacity of soluble cytotoxic T lymphocyte antigen 4
(CTLA4) proteins in an unprimed alloreactive setting. Stimulator cells
were human leucocyte antigen (HLA) DR/DR 4/4, responder cells
were D-related 3/3. The x-axis indicates the added concentration of
protein, the y-axis indicates proliferation in counts per minute (cpm).
B = MLR without addition (positive control), [J = medium without
cells (negative control), @ = CTLA4Ig, A = LEA29Y, ¥ = soluble
CTLA4. Shown are mean = standard error. These results were
reproduced twice.

be that the relation between T cell inhibition by sCTLA4
and development of or intervention in type 1 diabetes can
neither be confirmed nor rejected. Further experiments, in
vitro as well as in vivo in experimental models, will be needed
to elucidate the functional mechanisms explaining the asso-
ciation between autoimmunity and CTLA4 gene polymor-
phisms leading to production of splice variants of CTLAA4.

In contrast to its inhibitory potential on activated T cells,
sCTLA4 seems to have only a limited effect on primary
responses. This may be a result of differences in primary and
memory T cell reactivity, in which the interaction between
membrane-bound CTLA4, CD28 and B7 is influenced.
However, sSCTLA4 was able to inhibit B7 binding only to a
minor extent. This could be due to its monovalency or
epitope binding affinity, but it should be noted that these
findings obtained using monomeric, CHO-derived sCTLA4
differ from earlier results using baculovirus-derived sCTLA4
[28], where B7 binding was superior and alloreactivity could
be inhibited.

The second important conclusion from our data is that
the known inhibitory fusion proteins CTLA4Ig and LEA29Y
were able to bind to APCs and to inhibit primary alloreactive
responses, but failed to inhibit memory T cell autoreactivity.
These data appear in conflict with data from several experi-
mental in vivo models as well as a study in human rheuma-
toid arthritis (RA) patients [24]. This may be explained in
several ways.

First, the secondary or co-stimulatory signal is of less
importance in preprimed T cell responses. Antigen presenta-
tion by the MHC may suffice for activation of memory
responses, rendering co-stimulation blockade less important.
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Secondly, the CTLA4/CD28/B7 pathway is not the only
pathway inducing T cell activation. Other co-stimulatory
pathways such as CD40-CD40L and OX40-OX40L may
overcome the inhibitory capacity of CTLA4Ig. A third expla-
nation would be that the function of CTLA4Ig is related to
other types of cells than APCs alone. This would explain why
in vitro proliferation of an autoreactive T cell population
cannot be inhibited, whereas a mixed lymphocyte reaction
from unprimed individuals can [8]. In this respect it is
important to note that CTLA4Ig treatment can result in a
reduction of the number of regulatory T cells [13]. Lastly, in
a clonal T cell population CTLA4Ig might suppress the
‘normal’ CTLA4/B7 interaction which causes inhibition of
the response, possibly through activity of indoleamine 2,3-
dioxygenase (IDO) in the APC. This may be less the case in a
heterogeneous mixed lymphocyte reaction. A recent report
confirms that the inhibitory capacity of CTLA4Ig is depen-
dent upon the activation state of the T cells: when added after
48 h of incubation, CTLA4Ig activates rather than inhibits T
cells in MLR [33].

The differences observed between soluble CTLA4 and
CTLAA4Ig cannot be explained easily. sSCTLA4 may be less
able to inhibit alloreactive (primary) T cell responses as a
result of the apparently lower binding rate to APC. It is more
difficult to reconcile why sCTLA4 effectively inhibits acti-
vated autoreactive T cells. We favour the interpretation that
sCTLA4 competes with CD28 in the primed T cell/APC
interface, while this is not possible for CTLA4Ig due to steric
hindrance. Alternatively, sCTLA4 leads to the activation of
other or more potent signalling pathways (reviewed by
Gough et al. [4]) in a primed autoreactive response.

In conclusion, our data show that sCTLA4 can inhibit
autoimmune T cell proliferation in vitro. At present the physi-
ological relevance for type 1 diabetes patients remains unde-
termined, and calls for further study both in vitro and in vivo.
The role of type 1 diabetes-related CTLA4 polymorphisms in
this process cannot be confirmed. Furthermore, our results
imply that inhibition of the complex CTLA4/CD28/CD80/
CD86 pathway by CTLA4Igacts differently in primary (naive)
versus recall (memory) T cell responses. Possible treatment
success of CTLA4Ig in autoimmunity therefore depends
largely upon the underlying pathogenesis of the disease and
its effectiveness in the inhibition of autoreactive T cells. Inter-
vening in a primed, autoreactive, T cell-driven process that
has existed for years may prove more difficult than preventing
the occurrence of a primary T cell reaction after transplanta-
tion. This notion is important when interpreting the results of
clinical trials that are already under way.
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