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Autoimmune thrombocytopenic purpura (AITP) is a
bleeding disorder in which autoantibodies are directed
against an individual's own platelets, leading to en-
hanced clearance through Fc receptor (R)-mediated
phagocytosis by macrophages residing in the reticu-
loendothelial system (RES), particularly in the spleen.
The production of IgG autoantibodies is critically depen-
dent on cellular immune mechanisms particularly relat-
ing to T cells. We review the recent literature of the

T HAS BEEN 10 years since we first reviewed
the literature relating to the cellular immune
pathophysiology of AITP.! At that time, little work
had been done to address the issue of how IgG
autoantibodies are actually produced against platelet
autoantigens. By 1995, data from several research
groups began to suggest that T-cell abnormalities in
chronic AITP are most likely responsible for the
stimulation of autoantibodies.”? Since then, an ex-
panding body of research has shown that autore-
active T cells exist in patients with AITP and that
these T cells direct B cells to differentiate and
secrete IgG antiplatelet autoantibodies.

NORMAL IMMUNITY AND AUTOIMMUNITY

The initiation of a humoral immune response to
a foreign antigen is a complex biological associa-
tion of many cell types and their secreted products.
The response occurs when an antigen, such as a
cell surface glycoprotein, first interacts with an
antigen-presenting cell (APC).> APCs are gener-
ally major histocompatibility complex (MHC)
class ll—-positive macrophages or dendritic cells
and, in certain instances, B cells.? After internal-
ization by the APC, the antigen is processed into
smaller antigenic fragments by proteolytic degra-
dation.> The antigenic peptides are then trans-
ported to the cell membrane of the APC, where
they are re-expressed in conjunction with MHC-
encoded class II molecules for presentation to an-
tigen-specific T-helper (Th) lymphocytes.® When
the MHC-peptide complexes are recognized with
sufficient affinity by T-cell receptors (TcR) on a
CD4++ Th cell, antigen-specific signal 1 is met and
initiates a set of coordinated molecular events in
both the APC and T cell that culminate as signal 2
(costimulation) and full T-cell activation (eg,

cell-mediated immunology of AITP focusing on platelet
phenotype, genetics, T-cell reactivities, and cytokine
profiles in patients with AITP. Understanding the inter-
action between these cell-mediated mechanisms is vital
for developing antigen specific immunotherapies to
treat this autoimmune disease.
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CD40 upregulation of B7 molecules on the APCs
surface for interaction with CD28 molecules on the
T cell).# These T-cell/APC events can stimulate
antigen-primed B cells to differentiate into plasma
cells and secrete antigen-specific IgG antibodies.”
Thus, any defect in, or abnormal stimulation of,
antigen-specific Th cells can significantly alter the
course of an immune response. This underscores
the vital importance of Th cells in determining
whether antibodies will be generated against a for-
eign antigen and once generated, regulate the re-
sponse by stimulating events such as antibody af-
finity maturation, regulatory T cells, and/or
secretion of soluble cytokines.

The importance of the CD40L/CD40 costimula-
tion pathway for T- and B-cell cooperation path-
way has been clearly established in animal models
and man.¢ This pathway is essential for human
Th-cell function and immunoglobulin class switch-
ing.6 Defects in this pathway lead to severe immu-
nodeficiency, characterized by hypogammaglobu-
linemia.® In addition, there is compelling evidence
suggesting that the CD40L/CD40 pathway also
affects initial Th-cell activation and is important
for the cellular regulation of immunity.® Perhaps,
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more importantly, it has been shown that blockade
of CD40L/CDA40 interactions by antibody can be
toleragenic.® These observations have been the ratio-
nale for developing clinical trials using anti-CD40L
antibodies in patients with different autoimmune dis-
eases (eg, systemic lupus erythematosus, autoinm-
mune thrombocytopenic purpura [AITP], and so on).

Once Th cells become activated, their responses
can be generally distinguished by their secreted
cytokine products.”® A Thl response is character-
ized primarily by the presence of interleukin
(IL)-2, interferon y (IFN-v), granulocyte macro-
phage colony-stimulating factor (GM-CSF), and
tumor necrosis factor o (TNF-a) and is associated
with delayed type hypersensitivity reactions and
the synthesis of primarily complement-fixing IgG
isotypes.”8 Th2 responses on the other hand pro-
duce 1L-4, IL-5, IL-6, IL-10, and IL-13 and are
superior in mediating noncomplement fixing 1gG
and particularly IgE synthesis.”® A third type of Th
response, ThO, is thought to be generated by cells
less differentiated than those mediating Thl and
Th2 responses because many or all of the Th1/Th2
cytokines are present.>!® These cytokine responses
are thought to be the result of the coordinated
efforts between APC and Th cells and ultimately
responsible for the particular outcome of an im-
mune response (eg, generating a particular isotype
of antibody for effectively removing the initial
antigenic insult).

Normally, a host does not mount an immune
response against its own antigens; it behaves as if
it is immunologically ignorant or tolerant. Immu-
nological tolerance is the acquisition of unrespon-
siveness to self-antigens and is essential for the
preservation of the host.!* Two major theories pos-
tulate that T-cell tolerance can be induced by either
clonal deletion of high-affinity, self-reactive T
cells within the thymus (ie, central tolerance!2) or
by autoreactive T cells being deleted or rendered
anergic by specific and nonspecific mechanisms in
the extrathymic miliea (ie, peripheral tolerance)
(Fig 1).'3 The function of central tolerance is to
remove the majority of high-affinity, self-reactive
T-cell clones by positive and negative selection
mechanisms before allowing them to be released
into the periphery. However, this process is not
totally efficient, and some T cells released into the
periphery still have the potential to induce autoim-
munity and need to be constantly suppressed by
peripherally based mechanisms.'# Several periph-
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Fig 1. Central and peripheral tolerance mechanisms. Bone
marrow precursor cells migrate to the thymus where they
undergo a series of negative and positive selection events in
order to be screened for anti-self MHC affinity. Only those T
cells displaying low to moderate affinity for self-MHC and
peptide will be released into the periphery. Because of incom-
plete selection in the thymus, some peripheral T cells can
become autoreactive and thus need to be constantly sup-
pressed by peripheral tolerance mechanisms such as anergy
induction, deletion, and/or suppression {eg, by cytokines).
Autoimmune disease can result when one or more of these
tolerance mechanisms are broken by such events as those
shown in the boxes. For example, central tolerance selection
in the thymus may be faulty and allow the release of high
affinity autoreactive T cells or an environmental agent (eg, a
virus) can mimic a self antigen leading to the breakdown of
peripheral tolerance mechanisms.

eral tolerance mechanisms have been described
that could potentially suppress autoreactive T and
B cells from becoming activated. These include
self-antigen sequestration, cytokine suppression,
regulatory cells (eg, CD8+ T cells, veto cells, and
so on) and/or antiidiotypic antibody suppres-
sion.'#-16

Autoimmune diseases result from the failure of
normal self-tolerance mechanisms, and, collec-
tively, they affect approximately 5% to 7% of the
population, often with debilitating effects.'® The
breakdown of self-tolerance may be the result of a
number of nonmutually exclusive mechanisms
such as a failure of ceniral tolerance leading to the
abnormal accumulation of self-reactive T cells,
environmental stimuli that can mimic self antigens
(antigenic mimicry), aberrant self-antigen expres-
sion, cytokine secretion, and/or defects in costimu-
lation (Fig 1). Organ-specific autoimmune diseases
are directed primarily at particular tissues (eg, in-
sulin producing f cells in type I diabetes, thyroid
cells in Graves disease, or platelets in AITP).17-18
The production of autoantibodies in organ-specific
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autoimmunity is dependent on T-cell activation.
For many autoimmune diseases, the precise spec-
ificity and cytokine profiles of autoreactive T cells
have been described, although the actual disease-
inducing autoantigens and etiology of the abnor-
mal T-cell activation remain elusive.!®1? Of inter-
est, organ-specific autoimmune diseases are
generally associated with skewed cytokine pat-
terns. Most active organ-specific autoimmunity
tends to be associated with proinflammatory Thl
responses, whereas Th2 immune responses are
generally associated with autoimmune protection.
Based on these observations, a potential immuno-
therapy for autoimmunity is to shift the cytokine
patterns from Th1 to Th2. This approach has been
successful in many experimental models of auto-
immune diseases.!’'?

AUTOIMMUNE THROMBOCYTOPENIC
PURPURA

AITP is characterized by the production of au-
toreactive antibodies against one’s own platelets,
resulting in increased platelet destruction by RES
phagocytes. Several excellent papers have been
published that review the autoantibody literature
related to AITP.20-23 The majority of these autoan-
tibodies are IgG, but IgM and IgA can also be
identified in some patients with AITP.23 The prev-
alence of AITP has been estimated at 1 per
10,000.24

Both acute and chronic forms of AITP can be
distinguished. Acute AITP primarily affects chil-
dren and often occurs after a viral or bacterial
infection.?s It usually spontaneously resolves
within 6 months of diagnosis, but in approximately
20% of children, the disease progresses to the
chronic form, defined as persistence of thrombo-
cytopenia (platelet counts < 150 X 109/L for more
than 6 months).25 In contrast to the acute form,
chronic AITP is predominant in adults, with more
women being affected than men.?> Although both
acute and chronic AITP are immune mediated, it is
becoming clear that the immune pathophysiologic
mechanisms are different in the 2 disorders.

Acute AITP

Little research has focused on the cellular im-
munology of acute AITP in children. However,
because this form of the discase often follows an
infectious event, it suggests that acute AITP may
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be associated with the immune mechanisms stim-
ulated by the preceding infection. In 1997, Wright
et al?6 showed that acute AITP might be the result
of tolerance breakdown because of antigenic mim-
icry. Antigenic mimicry is perhaps one of the old-
est and most prevalent theories of tolerance break-
down resulting in autoimmunity.?’ It is caused by
molecular structures on infectious or environmen-
tal agents that have similarities to host antigenic
structures and stimulate an immune response that
then cross-reacts with host antigens.?’” In children
with acute AITP associated with Varicella Zoster
virus infection, Wright et al?¢ showed that the
patient’s serum IgM and IgG anti-platelet autoan-
tibodies could be purified on affinity columns con-
jugated with Varicella Zoster virus glycoproteins
and that the eluted IgG molecules were cross-
reactive with normal group O-positive platelets.
Analogous findings were found with HIV glycop-
roteins and sera from patients with immune throm-
bocytopenia associated with HIV infection.?® At
the T-cell level, it was found that antiplatelet re-
active T-cell activity in children with acute AITP
was no different than what was observed in healthy
individuals, which suggests that T cells in this
disorder are not necessarily directed at platelet
antigens.?? Together, these results support the hy-
pothesis that at least in some patients with acute
AITP, antiplatelet antibodies are because of the
antiviral antibodies cross-reacting with the pa-
tient’s platelets. This may explain why many chil-
dren with acute AITP spontaneously go into remis-
sion without therapy (eg, as the infectious agent is
cleared and antibodies either disappear or affinity
mature toward the infectious agent, the antiplatelet
reactivity is lost). Still unresolved is why approx-
imately 20% of children initially diagnosed with
acute AITP go on to develop the chronic form of
the disease and whether these patients can be iden-
tified early. Perhaps in those patients, immune dys-
regulation has taken place during the infection that
allowed the cross-reactive IgG antiplatelet B cells
to propagate and become chronically focused to-
ward platelet autoantigens.

Chronic AITP

Chronic AITP appears to be a true organ-spe-
cific autoimmune disorder. It rarely remits sponta-
neously; there is usually no previous history of an
infectious event and almost always requires some
form of immunosuppressive therapy.?> The anti-
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body specificities are directed against several
platelet glycoprotein epitopes.20-2* Since 1995,
many investigators have shown that the chronic
form of the disorder is associated with T-cell-
related and cytokine abnormalities, which appear
to be responsible for the production of I1gG anti-
platelet autoantibodies.

ABNORMAL ANTIGENIC PHENOTYPE OF THE
TARGETED TISSUE

One possible cause of autoimmunity is that the
immune-targeted tissue abnormally expresses self-
antigens that are then recognized by autoreactive
Th cells. For example, the induced expression of
some HLA class 11 glycoproteins in cells that do
not normally express them is known to play a
significant role in autoimmune diseases.'® This de-
fective expression of the HLA class 1l molecules at
the cell surface may influence the presentation of
self-antigens to normally quiescent autoreactive Th
cells that, if activated, can affect autoantibody pro-
duction. In 1992, Boshkov et al3® reported the
appearance of class Il HLA-DR on a child’s plate-
lets during the acute thrombocytopenic period. On
recovery, these molecules were no longer ex-
pressed, suggesting a link with HLA and the patho-
genesis of AITP in this patient. We subsequently
showed, using flow cytometric techniques, that n
immune thrombocytopenia, HLA-DR antigens
were expressed on platelets and microparticles and
that the percentage of HLA-DR+ platelets was
inversely proportional to the platelet count.?® It
was found that physical contact with macrophages
could induce platelet HLA-DR surface expression,
an effect further enhanced by preactivating the
macrophages with TEN-vy.3! It is possible that
events that activate macrophages in vivo (eg, in-
fections or IFN) and increase their HLA-DR ex-
pression may facilitate transfer of HLA-DR mole-
cules to platelets during, for example, normal
platelet senescence and destruction. This possibil-
ity is supported by the observation that the HLA-
DR-positive platelets in AITP also expressed
CD45, CD14, and CD80 markers.2® The clinical
significance of HLA-DR+ platelets in AITP is
unknown; however, if HLA-DR—positive platelet-
macrophage microparticles are released in vivo,
they could influence a normally quiescent Th rep-
ertoire by providing an antigen-specific signal 1,
which may be propagated by belper signals from
an inflammatory event. On the other hand, if co-
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stimulation requirements are not met, HLA-DR+
platelet microparticles could potentially suppress
Th cells.

In 1998, Henn et al32 showed that activated
platelets express the CD40 ligand (CD40L,
CD154) and suggested that these platelets may
initiate an inflammatory response of the vessel
wall. CD40L is structurally related to TNF-« and
was originally identified on stimulated CD4+ T
cells; its interaction with CD40 on B cells is of
critical importance for the development and func-
tion of the humoral immune system.® The potential
role of CD40L on platelets in AITP is unknown;
however, if this molecules were expressed with
HLA-DR, autoreactive Th cell activity may be
affected.

Increased circulating CD68-positive platelet mi-
croparticles have also been identified in patients
with chronic AITP.3? CD68 is a 110-kd lysosomal
glycoprotein thought to be involved in endocytosis
and internal membrane trafficking and is restricted
to macrophages; its surface expression on macro-
phages is significantly enhanced by inflammatory
events.3* The expression of this molecule in pa-
tients with chronic AITP underscores the impor-
tance of inflammatory mechanisms linked to plate-
let phagocytosis and potential APC autoantigen
presentation events in this disease.

HLA ASSOCIATIONS AND GENETIC STUDIES
IN CHRONIC AITP

Expression of certain HLA molecules has been
shown to be associated with autoimmune diseases
and may predispose the host to autoimmunity.'¢
This predisposition may be because, in part, of
how polymorphic HLA molecules present antigens
to autoreactive T-helper cells. For certain autoim-
mune diseases, it has been possible to identify
short stretches of amino acids within the polymor-
phic regions of HLA molecules, which appear to
play a major role in disease susceptibility and/or
resistance.?S Early studies in white patients showed
that chronic AITP may be associated with HLA-
DR236 and also class I HLA molecules (HLA A28,
B8, and B12)37-39; others, however, showed little
or no HLA association with AITP.4° Furthermore,
Gajger et al*! reported a lack of association be-
tween HLA expression and AITP. They did, how-
ever, note a slight increase in the HLADPB1*#1501
allele in patients with detectable antiplatelet auto-
antibodies and HLADPB1*0402 allele in patients
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who responded poorly to splenectomy. These in-
consistencies may be because, in part, at least, of
the fact that for a given population of patients with
a diagnosis of chronic AITP, a differing autoim-
mune etiology may exist that will affect genetic
marker studies. Further in-depth studies with large
patient populations will be needed to ascertain
which HLA molecules (if any) may be associated
with chronic AITP in a white population.

Recently, 2 Japanese groups examining HLA
serotypes and alleles have also generated some-
what controversial data. Nomura et al,*? using
HLA serotype and PCR-RFLP analysis, found that
patients with chronic AITP had a high frequency
of HLA-DR4.1 expression associated with the
DRB1*0410 allele. Anti-GPIIbIIIa autoantibody pro-
duction, however, was associated with only HLA-
DR4.1 expression but not the HLADRB1*0410
allele.#2 The authors cautioned that the finding
should be considered preliminary because of the
possible racial differences between HLA status in
the Japanese patients and other patients with
AITP.#2 Conversely, Kuwana et al** recently
showed a direct correlation between autoantibody
production and HLA class II genes in Japanese
patients with chronic AITP. For instance, the pres-
ence of HLADRBI1%0405 and HLADQB1*0401
was associated with anti-GPIIbIIIa antibody for-
mation. However, with the exception of a modest
increase in the frequency of HLADPB1*201, there
was no significant difference, relative to the con-
trol, with HLA-DRB and HLA-DQB1. The authors
concluded that HLA class II genes affect autoan-
tibody generation rather than development of the
disease itself. Given the distinctive HLA diversity
across the major ethnic groups,* differences in
disease associations between HLA genes and phe-
notypes with AITP might be expected. For exam-
ple, within the white population, the distribution of
HLA alleles js more heterogeneous than in the
Japanese population, and thus HLA association
studies may be more difficult to show.

In other genetic studies of patients with ATTP, a
comparison of cytokine and low-affinity Fc gamma
receptor polymorphisms revealed an association
for the proinflammatory cytokines TNF-a and
lymphotoxin A with FeyR3A and FcyyR3B.** The
authors suggested that variant genotypes of FcyRs
and cytokines might contribute to the pathogenesis
of chronic AITP. However, it remains to be deter-
mined whether these associations are important to
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the initiation of the disease or whether they may
aggravate the established autoimmune response.

T-CELL REACTIVITIES IN CHRONIC AITP

In 1991, we reported the novel finding that
chronic AITP was associated with a CD4+ T-
helper cell defect in which peripheral blood T cells
could secrete IL-2 on stimulation with autologous
platelets.#¢ It suggested that chronic AITP may be
the result of an abnormal Th cell defect that could
direct autoreactive B cells to differentiate and se-
crete IgG autoantibodies. These IL-2 results were
subsequently confirmed by Ware et al.#7 In 1996,
Filion et al4® reported that normal individuals con-
tained anergic Th cells that could be activated in
vitro after incubation with glycoprotein (GP)
[IbIlla and exogenous; once this tolerance was
broken; however, the Th cells could secrete their
own IL-2 on stimulation with GPlIbllla. These
results suggested that T-cell tolerance against
platelet autoantigens may involve the posttran-
scriptional regulation of IL-2 expression. Subse-
quently, Shimomura et al*® showed that, in the
peripheral blood of patients with chronic AITP,
there was an oligoclonal accumulation of CD4+
Th cells that frequently used V33, 6, 10, and 13.1
to 14 genes for their T-cell receptors. The authors
concluded that distinctive T-cell clones accumu-
lated in patients with chronic AITP and were re-
lated to the disease pathogenesis. Taken together,
these results suggest that patients with chronic
AITP have CD4+ Th cells that may have ex-
panded because of a breakdown in tolerance mech-
anisms. However, their fine antigen specificities or
their ability to stimulate autoreactive immunoglob-
ulin production were not yet determined.

In 1998, Kuwana et al®® showed that T cells
from Japanese patients with chronic AITP could
proliferate in vitro to disulfide-reduced GPIIbllla
or the molecule’s tryptic peptides. This suggested,
for the first time, that autoreactive CD4+ Th cells
in chronic AITP need to recognize a modified
GPIIbllIa molecule, implying that antigen process-
ing mechanisms within recipient APC may be re-
quired to present GPIIbIIla autoantigens in the
context of self HLA-DR molecules. More impor-
tantly, however, Kuwana et al>® showed that the
modified GPIIbllla proteins could also induce au-
toantibody formation in vitro, supporting a link
between the Th-cell reactivity and B-cell stimula-
tion. Subsequently, the same investigators mapped
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the antigen specificity of the GPIIblIla-reactive Th
cells by using 6 recombinant fragments encoding
different portions of the GPIIba and GPIla
chains.5! They showed that the T cells frequently
recognized the amino terminal portion of the 2 GP
chains (GPIIba 18-259 and GPIIIa22-262) and that
these molecules also stimulated the production of
antiplatelet autoantibodies.>* Because no Th-cell
reactivity against other portions of the 2 GP mol-
ecules was observed, it was concluded that the
amino terminal portion of GP IIbIlla was primarily
responsible for the stimulation of autoreactive Th
cells and subsequent autoantibody production.>! In
contrast, recent work examining the fine specificity
of Th-cell clones from white patients with chronic
AITP has revealed that at least 1 minimal peptide
corresponding to amino acid residues 496 to 510 of
the GPIIla molecule is sufficient to stimulate T-cell
IL-2 secretion.>? These apparent contrasting results
may reflect the heterogeneity of T-cell responsive-
ness between racial populations but, perhaps more
importantly, suggest that T-cell epitopes can be
found throughout the GPIIbIIIa molecule. Further-
more, these results support the concept that CD4+
Th cell activation is the primary defect that leads to
autoantibody production in patients with chronic
AITP. This latter possibility is supported by the
recent observations suggesting that the spleen is
the primary site of activation of platelet-reactive T
and B cells in patients with chronic AITP.>* These
new findings may set the foundations for designing
antigen-specific therapies targeted at autoreactive
T cells (eg, modified and suppressive MHC bind-
ing peptides for inhibition of Th cells).

THE CYTOKINE PROFILE OF CHRONIC AITP

Autoimmune diseases have often been shown to
be associated with cytokine abnormalities.® Sev-
eral cytokine abnormalities have been found to be
associated with chronic ATTP. With respect to Thl
and Th2 cytokines, it was originally showed that
chronic AITP in children was associated with an
early CD4+ ThO cytokine pattern that tended to-
ward a Thl-activation pattern.?” Increased serum
levels of IL-2, IFN-+, and IL-10 could be found,
but no IL-4 was detected in the patients with
chronic AITP.2 Several subsequent studies have
confirmed that ThO- and particularly Thl-associ-
ated cytokines are abnormally distributed in
chronic AITP. Garcia-Suarez et al>* showed that
CD2+ lymphocytes from patients with chronic
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AITP secreted elevated levels of IFN-y and TNF-«
on stimulation with the T-cell mitogen PHA. They
concluded that patients with severe thrombocyto-
penia had a functional switch to Thl reactivity.>*
Abboud et al55 subsequently showed that 8 of 10
children with chronic AITP had significantly ele-
vated levels of GM-CSF in their serum. GM-CSF
is also marker of Thl cells and may play a role in
the response to severe thrombocytopenia in some
patients with chronic AITP. Subsequently, Lazarus
et al’¢ found elevated levels of serum IL-15, a
cytokine that has properties similar to I1L-2. Yo-
shimura et al5? also found increased levels of 1L-2,
IFN-v, and M-CSF levels in patients with chronic
AITP. Of interest, this group found higher levels of
soluble Fas and Fasl. and suggested that these
apoptosis-related molecules may have a role to
play in disease pathogenesis.5” The abnormal Fas
and FasL levels in patients with chronic AITP were
recently confirmed by Shenoy et al>%; they con-
cluded that altered Fas pathway signaling with or
without defective IL-2 secretion should be consid-
ered in the etiology of hematologic autoimmunity.
More recently, Mouzaki et al®® performed a mo-
lecular Th-cytokine analysis in children with acute
and chronic AITP and found that the patients with
acute AITP presented with a ThO-cytokine profile,
whereas those patients with chronic AITP had a
skewed Thl-cytokine response. More interesting,
those patients in stable remission or treated with
intravenous immunoglobin presented with a polar-
ized Th2-cytokine response.>® Related to these re-
sults, Andersson et al,®® using DNA microarrays
and qRT-PCR (Tagman) technology, found that
several T-cell genes were upregulated and that
IFN-v was significantly increased in patients with
active AITP (H. Wadenvik, Sahlgrenska Hospital,
Gothenburg, Sweden, oral communication,
2001).60 These results suggest that patients with
active disease may have a Thl-cytokine activation
pattern and, when in remission, the cytokines are
skewed to a Th2 pattern. It is therefore possible
that manipulating Th-cytokine responses in pa-
tients with chronic AITP may be an effective form
of immunotherapy.

In contrast to some of the previously mentioned
results; however, 2 groups have found that active
chronic AITP may be associated with a ThO- to
Th2-cytokine pattern. Crossley et alé! found that
patients with chronic AITP had peripheral blood
mononuclear cells (PBMCs) that on stimulation
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with PHA in vitro, secreted low levels of IL-2 and
IFN-vy, whereas some of the patient’s PBMCs se-
creted high levels of IL-10. When the patients were
treated with INF-«; however, their PHA-stimu-
lated PBMC increased IL-2 and IEN-y secretion
and decreased the levels of IL-10. The authors
concluded that INF-a therapy increased Th1-cyto-
kine levels and reduced autoantibody production.®!
Furthermore, Webber et als?2 showed that plasma
Jevels of TL-4 were significantly higher in patients
with chronic AITP, whereas IFN-vy levels were not
different than controls. The authors suggested that
IL-4 could be a potential target for therapy in
chronic AITP.* However, it is difficult to deter-
mine whether the cytokine profiles in this study
may have been related to therapy. On balance,
however, the predominant overall view of Th-cy-
tokine patterns in chronic AITP appears to be that
the disease is associated with an early cytokine
response (eg, ThO profiles, whereas active severe
disease is skewed toward Thl activity and remis-
sion is associated with a Th2-cytokine pattern).
Other cytokines not classically associated with
the Th1/Th2 paradigm have also been shown to be
abnormal in chronic AITP and may have a role to
play in the development of autoantibodies. During
an immune response, the IL-2 receptor can be
released from T cells, and its soluble form is
thought to control the levels of free IL-2 and,
ultimately, the immune response. Three reports
have indicated that in patients with active chronic
AITP, the levels of soluble IL-2 receptor were
significantly elevated.57-63.64 These results suggest
that perhaps during active disease, increased IL-2
production leads to the release of the IL-2 receptor,
which may play a role in controlling the autoim-
mune response by binding and inactivating free
IL-2. Alternatively, Andersson et al®> found that
patients with chronic AITP in remission had sig-
nificantly elevated levels of transforming growth
factor 8 (TGF-p), and this was recently confirmed
by Mouzaki et al.?® TGF-Bf is a potent immuno-
suppressive cytokine and is thought to mark a
T-cell subset now termed Th3 cells.®® Andersson et
alo> suggested that this cytokine may be part of
bystander immunosuppression in patients with
AITP in remission. They further suggested that
elevating the in vivo levels of TGF- by oral
tolerance induction may be a viable immunother-
apeutic approach.®® Interestingly, in a case report
of a patient with Evan’s syndrome, Karakantza et

75

alé” showed that this disorder was associated with
a ThO/Th1-cytokine pattern and that splenectomy
significantly reduced the Th-cytokine profile and
significantly increased plasma levels of TGF-g.
These 2 reports suggest that TGF-G may be a
potential target cytokine to aid in the suppression
of the autoimmune response in chronic AITP.

In an early study, the cytokine M-CSF was
found to be increased in chronic AITP.%® Subse-
quently, Nomura et al®® showed that M-CSF levels
were decreased in patients with chronic AITP
treated with intravenous immunoglobin. Further-
more, Baker and Levin? showed that M-CSF
could produce a dose-dependent thrombocytopenia
when infused into mice; it was found that the
M-CSF effects were not due to a reduction in
thrombopoiesis but rather because of increased
phagocytic activity of the monocyte/macrophage
system. Perhaps abnormal M-CSF production in
patients with chronic AITP enhances the uptake
and presentation of platelet autoantigens by mac-
rophages to Th cells, and this may aggravaie the
disease.

The mechanisms that lead to abnormal cytokine
synthesis in chronic AITP are unknown. One pos-
sibility for the abnormal T-cell activation seen in
patients with chronic AITP may be because of
defects in transmembrane signaling subsequent to
T-cell receptor engagement. Lazarus et al’!
showed that T cells from patients with chronic
AITP may have a defect in their ability to phos-
phorylate various tyrosine residues on stimulation
with the T-cell mitogen phytohemagglutinin. The
authors suggested that defective T-cell signaling
may be responsible for inducing altered T-cell
function and cytokine production.”! Alternatively,
there is a growing body of evidence to suggest that
activated platelets, either via P-selectin or 35 inte-
grin interactions, can stimulate the release of cy-
tokines (eg, IL-1a and TNF-¢) from mononuclear
cells2 and that platelets themselves can release
IL-18 from their granules.”® These types of inter-
actions may promote an inflammatory response
that could potentially support autoimmune mecha-
nisms.

Table 1 summarizes the cellular immune defects
in AITP, whereas Figure 2 outlines the potential
stimulatory and suppressive immune pathways that
may control the production of anti-platelet autoan-
tibodies in chronic AITP.
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Table 1. Summary of Defects Related to Cellular Immunity in AITP

Acute Chronic
Parameter Response AITP (Ref No.) AITP (Ref No.)
Evidence of antigenic mimicry 26, 28
Platelet phenotype
HLA-DR Increased 29, 30 29, 30
CD68 Increased 33
CD40L Unknown
HLA associations
With disease
No association 40, 41
HLA-DR2 36
HLA-A28,B8,B12 37-39
HLADRB1%*0410 42
With autoantibody formation
HLA-DR4.1 42
HLADPB1#1501 41
HLADRB1*0401 43
HLADQB1*0405 43
T-cell reactivity/defects
Platelet-stimulated IL-2 production Increased 46, 47
T-cell GPlIbllla reactivity Increased 48
Oligoclonal expansion Increased 49
Reduced GPlIbllla and tryptic peptide reactivity Increased 50
Help for autocantibodies Increased 50, 53
GPliba18-259 reactivity Increased 51
GPIlla22-262 reactivity Increased 51
GPIHa496-510 reactivity Increased 52
Fas/Fasl levels Increased 57,58
Signaling defects Increased 71
Cytokine defects
Tho profile tncreased 29,59 29, 59
Tht profile (active disease) Increased 29, 52, 54-60
Th2 profile (active disease) Increased 61, 62
Th2 profile (disease remission) Increased 59
sIL2R Increased 57, 63, 64
TGF-8 (disease remission) Increased 59, 65
M-CSF Increased 68, 69

THERAPEUTICS RELATED TO THE CELLULAR
IMMUNOLOGY OF AITP

Currently, the major chemotherapeutic treat-
ment modalities aimed at increasing the platelet
counts in patients with autoimmune disease are
antigen nonspecific immunosuppressive therapies
(eg, steroids, intravenous immunoglobin, and cy-
clophosphamide).?5 These therapies have their lim-
itations because of side effects, incomplete re-
sponses, and generalized immunosuppression.
With respect to autoimmunity, a therapeutic goal
has been to develop antigen-specific therapies that
target only the offending autoreactive T or B cells
while leaving the rest of the immune system rela-
tively intact. Several of these types of therapies
have been examined, particularly within animal
models and some clinical trials.®'"!'¢17 They in-

clude identification and modification of the offend-
ing autoantigen to suppress T-cell activation (eg,
antigen-specific therapy targeting MHC-T-cell re-
ceptor (TcR) interactions), antibody-mediated dis-
ruption of MHC-TcR interactions, costimulatory
blockade of activated autoreactive T cells, oral
tolerance induction, and antibody-mediated block-
ade of costimulation or deletion of autoreactive B
cells.

The recognition of cellular immune defects in
AITP has lead to the use of therapies directed at T
and B cells. George et al”™ tested a humanized
monoclonal against CD40L (hu5c8, Antova Bio-
gen, Cambridge, MA) to treat 23 patients with
chronic AITP in a phase 1 dose escalation safety
trial and found that 2 of 6 patients randomized to a
10 mg/kg dose had a substantial rise in their plate-
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Fig 2. Potential stimulatory (solid arrows) and inhibitory (hatched arrows) pathways that may affect the pathogenesis of
chronic AITP. This models assumes that a tolerance event has broken down, allowing autoreactive T and B cells to be present. (A)
Platelets are normally taken up by macrophages during senescence and are presumably destroyed intracellularly within lyso-
somes. Inflammatory stimuli can activate macrophages that may alter the way they normally process platelet autoantigens or
induce the expression of inflammatory cytokines (eg, IL1) that may support autoimmune responses. (B} In the activated APC,
platelet autoantigenic peptides can be loaded onto MHC class ll molecules for presentation to the TcR of autoreactive Th cells. C.
Once the TcR has been occupied by the MHC class Il molecules and platelet autoantigen, it can initiate a series of molecular
costimulatory interactions within the T cell. First, CD40L upregulated on the T-cell surface interacts with CD40 on the APC that
stimulates B7.1 and B7.2 expression. The TcR-MHC interaction also enhances CD28 expression on the Th cells that then interact
with the B7.1, culminating in a strong costimulation response and activation of the Th cell. D. Th activation leads to the secretion
of Th0/Th1 cytokines (eg, 1.2, IL10, and IFN-vy) that effectively drive autoreactive B cells to divide and differentiate into plasma cells
and secrete anti-platelet autoantibodies. Also shown are a number of potential regulatory events that could either enhance or
suppress autoimmunity in AITP. For example M-CSF can activate macrophages within the spleen to enhance their phagocytosis of
platelets. Additionally, IFN-y and TNF-« produced by the autoreactive Th cells can feedback on macrophages enhancing their
expression of MHC class Il molecules and potentially aggravate the response. On the other hand, TGF-g (produced by either Th3
cells or platelets) together with the Th cell’s soluble IL2 receptor can control the autoimmune response by inhibiting lymphocyte
activation. This may also occur during costimulation via the expression of CTLA-4 on the Th cell. Also shown are the potential
interactions of MHC class [+ and CD40L+ platelets with Th and B cells activation respectively. These events may be responsible
for initiating and/or aggravating autoimmunity in patients with AITP.

let counts. They concluded that the antibody was
safe at the doses used. Subsequently, Bussel et al7>
examined the same anti-CD40L antibody at a 20
mg/kg dose in 15 refractory patients with chronic
AITP and found that 5 patients had a sustained
platelet response. The authors suggested that this
treatment may be an important and safe treatment
for refractory patients with chronic AITP. Unfor-
tunately, however, in the fall of 1999, the clinical
trials with Antova were canceled after some pa-
tients developed life-threatening thrombotic epi-
sodes. Using a second humanized monoclonal
against anti-CD40L (IDEC-131), Kuwana et al’®
recently followed 20 patients with chronic AITP

after a single dose of the antibody. They found few
side effects in the patients and that a dose of 10
mg/kg induced selective suppression of T- and
B-cell responses to GPIIbllIa resulting in blockade
of autoantibody synthesis and an increase in plate-
let counts.”® Studies with this newer antibody prep-
aration are continuing. It appears that despite the
initial failure of 1 anti-CD40L antibody, safer
preparations may be available, and these may be
effective treatments particularly for refractory pa-
tients with chronic AITP. With respect to B cells,
Rituxan® (Genentech, San Francisco, CA), a
monoclonal antibody specific for CD20, has been
used to treat patients with AITP.7778 For example,
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Stasi et al’® treated 25 patients with refractory
chronic AITP with Rituxan® at a weekly dose of
375 mg/m?®. Five of the patients had a complete
response, whereas 5 had a partial response and
there were only mild side effects.”® They con-
cluded that Rituxan® therapy had a limited but
valuable effect in patients with chronic AITP and
in view of its mild toxicity and the lack of effective
alternative treatments, its use in patients with
chronic refractory ITP was warranted.”®

Taken together, therapies aimed at the cellular
immune system are just beginning to take place
and most appear to have reasonable success in
patients with refractory AITP. Potential future
therapies could be aimed at other T-cell costimu-
latory molecules such as CTLA-4. However, it
needs to be remembered that although these new
therapies may be beneficial to patients with AITP,
they are antigen nonspecific and may suppress any
activated T cell leading to generalized immunosup-
pression. Because of this, more research will be
required to develop newer and more antigen-spe-
cific T-cell-directed immunotherapies for chronic
AITP. Of interest, oral tolerance induction with
autologous platelets was recently suggested as a
novel hypothetical approach to antigen-specific
therapy in AITP.” Thus, based on the current state
of cellular immune research in chronic AITP, there
is an optimistic outlook that in the near future,
newer and more antigen-specific therapies will be
developed for this autoimmune disease.

COOPAMAH ET AL

SUMMARY AND FUTURE CONSIDERATIONS

In our last review,? we concluded by posing 2
questions for future consideration: (1) Are the T-
cell defects observed in chronic AITP responsible
for autoantibody production, and (2) What are the
platelet autoantigens recognized by the autoreac-
tive T cells? Currently, the first question appears to
have been answered. It is now clear that abnormal
Th-cell activation is taking place in chronic AITP,
and these cells appear to be driving autoreactive B
cells to differentiate and secrete antiplatelet auto-
antibodies. Although, the second question has been
partially answered, in that GPIIla peptides have
been identified that are recognized by the autore-
active Th cells, it is still not clear whether these
peptides are the initiators of the autoimmune re-
sponse. Further research is required to elucidate the
general initiation mechanism of autoimmunity in
chronic AITP and to develop more antigen-specific
therapies to combat this disorder. One other inter-
esting aspect of chronic AITP is that in many
patients, autoantibodies cannot be identified; is it
possible that in these patients, cell mediated mech-
anisms are responsible for platelet destruction?
Only more research efforts will be able to solve
some of these unanswered questions.
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