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Skewed Thl Responses Caused by Excessive Expression of
Txk, a Member of the Tec Family of Tyrosine Kinases, in

Patients with Behcet’s Disease

Noboru Suzuki, MD, PhD; Kazuhiko Nara, MD; and Tomoko Suzuki, MD, PhD

Behcet’s disease (BD) is characterized by recurrent attacks of uveitis, oral aphtha, genital ulcers
and skin lesions. The etiology and pathogenesis of BD are largely unknown. It has been reported
that excessive Thl cell function is involved in the pathogenesis of BD. Previously, we found that
Txk,a member of the Tec family of tyrosine kinases, acts as a Th| cell-specific transcription factor
that is involved in the effector function of Th1 cells. Thus, we studied Th| cytokine production and
Txk expression of T-lymphocytes in patients with BD. Peripheral blood lymphocytes produced
excessive Thl-associated cytokines including interferon-y (IFN-y) and interleukin (IL)-12 in
patients with BD. Circulating CD3+ and purified CD4+ T cells expressed excessive Txk protein.
The extent of IFN-y production by the lymphocytes correlated with the expression of Txk
protein in the immunoblotting analysis. The majority of cells infiltrating into the skin lesions of
patients with BD expressed IFN-y.|L-12 and IL-18 were found in the mononuclear cell aggregates
in the skin and intestinal lesions of those with BD. Lymphocytes accumulating in the skin and
intestinal lesions expressed higher levels of Txk as compared with other Th2-associated diseases.
IFN-y, IL-18 and IL-12 detected in skin lesions may induce preferential development of Thi cells
in patients with BD. Collectively, Th| cells expressing Txk and Thl-associated cytokines may play
a critical role in the development of skin and intestinal lesions in patients with BD. This review
may serve as a reminder of the importance of excessive Thl cell function in the pathogenesis of
BD and may contribute to the discovery of new molecular targets for the development of a

specific therapeutic strategy for BD.
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Behcet’s disease (BD) is characterized by recurrent attacks
of oral and genital ulcerations, erythema nodosum,
papulopustular skin eruptions, arthritis, uveitis, cerebritis, deep
vein thrombosis, and arterial aneurysms.! A T cell-mediated
immune response seems to be important in the pathogenesis of
BD.2-5 CD4+ T-lymphocytes seem to be the major cell type in
inflammatory infiltrates, and increased concentrations of tumor
necrosis factor (TNF)-a and interferon-y (IFN-y) have been
described.67

Thl cells and Th2 cells show distinct patterns of cytokine
secretion. Thl cells typically produce interleukin (IL)-2,
IFN-y and TNF-, whereas Th2 cells are characterized by
their production of IL-4, IL-5, IL-6 and IL-13.8.% Thl cells

and Th2 cells cross-regulate the development and function of
each subset and establish a Th1/Th2 balance that plays an
important regulatory role in the immune system. Many studies
have suggested the involvement of the Th1/Th2 balance in
autoimmunity.!0-12 Thl cytokine promotes acceleration of
macrophage function and contributes to organ-specific
autoimmunity and delayed-type hypersensitivity. Th2 cytokine
attenuates such processes. Polarized Th1/Th2 lymphocytes
may play a role in the induction and regulation of immune
responses in BD.13.14

We have studied the immune functions of patients with
BD.15-23 In this review, we summarize the cytokine
production profile of patients with BD. In addition, the
importance of aberrant expression of Txk, a Tec family
tyrosine kinase that acts as a Thl cell-specific transcription
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Figure 1. Diagram of Th1 and Th2 cells in Behcet’s Disease.

factor, is discussed. After confirming a Th1-dominant phenotype
of BD, the production of cytokines with Thl cell-inducing
activity in peripheral blood lymphocytes and skin and intestinal
lesions is also discussed.

Excessive Production of Thl Cytokine by Peripheral
Blood Lymphocytes in Patients with BD

Previously, it has been suggested that there is a possible
polarization of T-lymphocytes toward the Thl-type in
BD2425(figure 1). Plasma levels of IL-12, TNF-receptor 75,
and soluble IL-2 receptor correlate with disease activity in
BD.26 Activated macrophages induce cellular immunity by
activating Thl cell responses and by suppressing Th2 cell
responses.?’ IFN-y is a potent immunoregulatory factor that
plays an important role in the activation of macrophages by
regulating antigen presentation.8.9 IL-4 can alter the Th1/Th2
balance in the direction of Th2 cells. Serum IFN-y has been
found to be elevated in patients with BD,28 and serum IL-12
level has been correlated with disease activity.”-29 Analysis of
peripheral blood T cells shows increased IFN-y and IL-12 and
decreased IL-4 production.?? In bronchoalveolar lavage
(BAL) fluid from patients with BD, IL-18 is increased.
Spontaneously, and after lipopolysaccharide (LPS)
stimulation, BAL fluid cells from patients with BD show
increased mRNA expression of IFN-y and IL-18 compared
with normal controls and patients with silicosis.30 These
cytokines may act in a synergistic fashion to induce
preferential induction of Thl cells in the BD lesion. In
addition, IFN-y mediated autocrine augmentation of Thl cell
induction may have occurred in the BD lesion.

Previously, we have reported that peripheral blood
lymphocytes without in vitro stimulation produced IFN-y and
IL-12 excessively in patients with BD. Spontaneous IL-4
production in these patients was almost comparable to that of
normal controls.20

Heat shock protein (HSP) has been assigned a pivotal role in
the pathogenesis of BD.31-33 Studies have shown that T cells
from patients with BD respond to selected peptides derived
from human HSP.15.3435 Thus, we studied the cytokine
production by peripheral blood lymphocytes stimulated with
the HSP-derived peptide 336-351. It was found that IFN-y,
TNF-a, and IL-12 were excessively produced, whereas
productions of IL-4, IL-10, and transforming growth factor-f3
were almost normal.20 Furthermore, we did not find any

significant association between disease activity and
Thl-associated cytokine production in patients with BD.
These results suggested that HSP-reactive T cells
predominantly produce IFN-y, and a majority of them can be
categorized as Th1 cells in patients with BD. However, others
have reported that the cytokine production profile has a mixed
Th1/Th2 cell type in active BD.36

Results of our study also revealed that normal levels of
Th2-type cytokine production were recognized in the patients
with BD. Thus, excessive activity of Thl cells, not a relative
increase in the Thl cell versus Th2 cell activity, may be
important for the pathogenesis of BD.

Thl Cytokine Production in the Skin and Intestinal
Lesions of Patients with BD

IL-12, IFN-y and MCP-1 expressions are increased in
mucocutaneous lesions, such as oral ulcers, genital ulcers,
pseudofolliculitis and lesions from the site of a positive
pathergy test result.37:38 We studied IL-4 and IFN-y producing
cells in the mononuclear cell aggregates of the skin lesions of
patients with BD. In the erythema nodosum in patients with
BD, IFN-y producing cells were detected in the mononuclear
cell infiltrating area, and IL-4 producing cells were scarcely
detected. Ulcerated lesions of the scrotal skin of patients with
BD revealed IFN-y mRNA expression. Thus, Thl cells may
predominantly infiltrate in the skin lesions of patients with BD.

In ileocaecal lesions of patients with BD, mononuclear cell
infiltration has been observed, and the majority of the
infiltrating cells have been CD4+ cells. IFN-y, TNF-a, and
IL-12 along with IL-12R32 mRNA have been detected in the
ileocaecal ulcers of BD patients.l® A skewed Thl/Th2
cytokine balance toward Thl is often evident in the skin and
intestinal lesions of patients with BD.

Txk Expression of Peripheral Blood T cells, Skin and
Intestinal Lesions in Patients with BD

Txk/Rlk is a member of the Tec family of non-receptor tyrosine
kinases, including Tec, Btk, Itk/Tsk/Emt, and Bmx (figure 2).
All Tec family kinases are significantly involved in the
lymphocyte signaling pathways.39-47 Txk is a signal-transducing
molecule, which consists of the tyrosine kinase cascade
downstream from the T cell receptor when an antigen is
presented to the T cell through the T cell receptor. Txk is
phosphorylated and activated by Fyn, one of the Srk family
kinases, and it phosphorylates downstream signal molecules.
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Figure 2. Structure of Txk, a member of the Tec family
non-receptor tyrosine kinases.
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Figure 3. Schematic representation of molecular mechanisms
of action of Txk as a Th1 cell-specific transcription factor.

We have reported that Txk expression is restricted to Th1/Th0
cells with IFN-y producing potential. Txk transfection has
resulted in a several-fold increase in IFN-y mRNA expression
and protein production by upregulating IFN-y enhancer
activity. Thus, Txk acts as a Thl cell-specific transcription
factor4047 (figure 3). We studied whether aberrant expression
of Txk is involved in the immunopathogenesis of BD.
Peripheral blood lymphocytes from patients with BD
expressed Txk much more than did the peripheral blood
lymphocytes from normal controls. When purified CD3+ and
CD4+ T cell subpopulations were studied, both CD3+ T cells
and CD4+ T cells expressed excessive amounts of Txk
protein in the majority of patients with BD as compared to
normal controls.

We studied the association of Txk protein expression and
cytokine production of lymphocytes. To this end, CD3+ cells
were simultaneously tested for IFN-y production by the
enzyme-linked immunosorbent assay and for Txk protein
expression by immunoblotting. We found that the extent of
IFN-y production by the lymphocytes correlated with the
expression of Txk protein in the blot. Thus, it is likely that the
excessive expression of Txk leads to Thl-dominant immune
responses and subsequently to the skewed Th1/Th2 balance in
the pathogenesis of BD.

Txk protein was expressed in the mononuclear cell
aggregates of erythema nodosum in patients with BD.
Ulcerated lesions of the scrotal skin of a patient with BD
revealed Txk mRNA expression. In intestinal lesions of BD,
in which Thl-related cytokine was expressed excessively,
mRNA of Txk was detected. These findings suggest that Txk
may contribute to Thl skewed cytokine balance through
enhancement of IFN-y gene expression in the BD lesions.

The involvement of other transcription factors in the
progression of BD has been suggested. T-bet and GATA-3 are
major switches for Thl and Th2 development, respectively.
The involvement of T-bet has been suggested in BD.48 A
small amount of T-bet is expressed in the naive CD4 T cells
of normal individuals. Recognition of an antigen in the

presence of IFN-y induces T-bet expression followed by the
induction of IL-12RB2 expression by T-bet, which results in
increased IFN-y expression through the augmented signals
from IL-12R and IL-18R. Peripheral blood mononuclear cells
from patients with BD and active uveitis have shown
prominently increased T-bet expression.48

Chemokine Receptor Expression in Patients with BD
Polarized Th1 and Th2 subtypes express distinct chemokine
receptor profiles. Differential expression of chemokines and
their receptors within inflamed tissues and lymphoid organs
may direct tissue-specific trafficking of Th1/Th2 cells to
areas in which their accumulation has been observed. CXCR3
and, to a lesser extent, CCRS5 are expressed at higher levels on
Thl cells.49:50 CCR3, CCR4 and CCRS8 are preferentially
expressed on Th2 cells. We analyzed the expression of
chemokine receptors on peripheral blood lymphocytes.!9
CCRS was expressed in all the samples of peripheral blood
lymphocytes, whereas CXCR3 was detected in 75% of
patients with BD. In contrast, CCR3, a Th2-specific
chemokine receptor, was detected only in patients with BD
who were in the inactive phase of the disease. CCR4, another
Th2-specific chemokine receptor, was detected in two of
eight patients with BD. All the chemokine receptors examined
were detected from the peripheral blood lymphocytes of
normal controls. Subsequently, we investigated the mRNA of
chemokine receptors expressed in the intestinal lesions of
patients with BD. CXCR3 and CCR5 mRNA expression was
detected in all intestinal tissue samples from patients with BD.
On the contrary, CCR4 mRNA was detected in an intestinal
lesion of a patient with ulcerative colitis who lacked mRNA
of the Thl-related chemokine receptor including CXCR3 and
CCR5. MIPla, MIPIf and RANTES are able to bind to
CCRS5, and MIPIf mRNA was detected in all intestinal
lesions of the patients with BD. The chemokine receptor
expression patterns coincided with the Th1-dominant immune
response in patients with BD.

Production of Cytokines that Induce Thl Cell
Differentiation in the Skin and Intestinal Lesions

We examined the production of TNF-a., IL-12, IL-18 and IFN-y
which may affect Th1 cell development in the skin and intestinal
lesions of patients with BD. IL-12, IL-18 and IFN-y have been
shown to positively modulate Thl cell induction.8.?
Furthermore, pretreating normal T cells with IL-12, IL-18 and
IFN-y from normal T cells resulted in upregulated Txk protein
expression (Suzuki et al., manuscript in preparation). Thus, if
the Thl-associated cytokines are produced in situ, differentiation
of naive T cells into Th1 cells may be enhanced in the skin and
intestinal lesions of patients with BD. Indeed, we found IL-12,
IL-18 and IFN-y producing cells in the mononuclear cell
infiltrating area of the skin lesions of patients with BD. Thus,
Th1-associated cytokines may lead to preferential development
of Thl-dominant responses in situ in patients with BD. These
data suggest that local production of the Thl-associated
cytokines and accumulation of Txk expressing lymphocytes
may be involved in the pathogenesis of BD.
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Our results suggest that the expression of Txk by Thl cells
may be involved in the pathogenesis of skin and intestinal
lesions in patients with BD. The presence of Thl cells in the
skin lesions of patients with BD may result in the induction of
an inflammatory process. Txk activity, as an enhancer of IFN-y
gene transcription, is dependent on phosphorylation of certain
tyrosine residues of Txk. Thus, the phosphorylated tyrosine
residues of Txk may be one of the potential targets of
pharmacological therapy.

In conclusion, the accumulation of Thl cells expressing Txk
protein may play a role in the pathogenesis of BD, and Th1-type
cytokines may contribute to the immunopathogenesis of BD.
In accordance with our findings, the importance of excessive
HSP60 expression and HSP-reactive Thl cells has been
reported.10.13.32.33 Both, have been intimately associated with
the development of inflammation and autoimmunity in this
disease. We hope that our findings for the pathogenesis of BD
may contribute to the development of a new therapeutic
strategy for this disease in the near future.
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