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Abstract
We have previously described an analog peptide of type II collagen (CII) that can suppress collagen-
induced arthritis (CIA). This analog peptide represents CII245-270, the immunodominant epitope of
CII, but with substitutions at 260, 261, and 263 - CII245-270 (A260, B261, and N263) (A9). To elucidate
the mechanisms responsible for suppression, we used mice transgenic for a collagen-specific T cell
receptor (TCR). When we found that APCs pulsed with A9 failed to induce T cell phosphorylation
of TCR-? and ZAP-70, we explored alternative signaling pathways. We determined that A9 instead
induced phosphorylation of spleen tyrosine kinase (Syk). The importance of Syk was confirmed by
the use of chemical Syk inhibitors, which blocked both cytokine secretion and activation of GATA-3
mediated by peptide A9. In summary, T cells use an alternative pathway in response to A9 that
involves Syk. This novel T cell pathway may represent an important means for altering T cell
phenotypes.
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Introduction
We have used the animal model of collagen-induced arthritis (CIA) to understand the
pathogenic mechanisms by which autoimmunity to CII leads to inflammatory arthritis. Our
goal is to develop a specific immunotherapy that is capable of regulating the autoimmune
response and suppress arthritis. In mice, CIA is strongly linked to the class II MHC genes and
is restricted primarily to mice with an H-2q or H-2r haplotype [1;2]. This restriction is related
to the ability of these immune response genes to bind to a limited number of immunogenic
epitopes on CII and to the MHC influence on the development of the T cell repertoire [2]. For
H-2q the dominant epitope is located within CII245-270 and the core determinant is
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CII260-267. Within this core, the amino acids at positions 260 and 263 act as anchors to bind
the epitope to the MHC. Other amino acids within the core epitope interact with the T cell
receptor (TCR) to induce T cell activation via the MHC/Peptide/TCR trimolecular complex.

We have previously determined that an analog peptide representing CII245-270, but containing
amino acid substitutions at positions 260, 261, and 263, CII245-270 (A260, B261, and N263) (A9),
could profoundly suppress CIA [3;4]. The mechanism by which A9 exerts its suppressive effect
is not fully understood, but is likely related to T cell activation induced by A9, since the
suppressive effect could be transferred with A9 activated T cells. We have shown that culture
of T cells isolated from CII immunized DBA/1 mice with A9 caused a shift in the cytokine
response towards a Th2-type profile [3]. It appears A9 is capable of redirecting T cells to
function as arthritis suppressing cells.

In order to study T cell responses to collagen in more detail, we developed a TCR transgenic
mouse (qCII24) which expresses a TCR specific for the immuno-dominant CII epitope. The
majority of circulating T cells in qCII24 mice express the CII reactive TCR. These mice are
highly susceptible to CIA and develop severe arthritis beginning 10 days after immunization
with CII and achieving an incidence of 100% [5]. Although qCII24 mice develop a very severe
form of CIA, we found that it is still possible to suppress disease by treating them with A9.
Using T cells isolated from qCII24 mice, we compared early T cell receptor signaling pathways
in response to CII245-270 (A2) with those induced by A9. We found that A2 induced substantial
phosphorylation of the TCRζ chain and ZAP-70 while stimulation with A9 was unable to
induce significant phosphorylation of either one. This suggested that TCR signaling must be
occurring through an alternative pathway. Further investigations showed that pathway to
involve spleen tyrosine kinase (Syk) which is not usually associated with T cell signaling.

Experimental Procedures
Mice

DBA/1 mice were obtained from Jackson Laboratories (Bar Harbor, ME). Mice transgenic for
a CII-specific TCR-Va11.1/Vß8.3 were established and bred in the animal core facility of the
Rheumatic Diseases Research Core Center, University of Tennessee as described previously
[2]. All mice were maintained in groups of six in polycarbonate cages and fed standard rodent
chow (Ralston Purina Co., St. Louis, Mo.) and water ad libitum. The environment was specific
pathogen-free and sentinel mice were tested routinely for mouse hepatitis and Sendai viruses.

CD4+ T cell isolation and activation
Spleens were collected from Vα11.1/Vβ8.3Tg mice and the single-cell suspension was
prepared by mechanical disruption in complete DMEM medium (DMEM supplemented with
10 % FCS, 100 IU/ml of penicillin, 100 μg/ml streptomycin, 2.5 μM ß-mercaptoethanol and 2
mM L-glutamine). CD4+ naive T cells were labeled by immunomagnetic beads using a CD4
+ T cell isolation kit (Miltenyi Biotec, Auburn, Ca) followed by negative selection over a
autoMACS isolation system (Miltenyi). The purity of the recovered CD4+ T cells was
determined by flow cytometry after staining with anti-CD4+ mAb and were >95% pure as
determined by flow cytometry. Cells were cultured for varying lengths of time (30 seconds to
60 minutes) with APC (I-Aq-positive splenocytes) which have been prepulsed with A2, A9,
or other analog peptide(s). In some experiments, after a short culture period at 37 °C, the cells
were collected, lysed in lysis buffer, and insoluble materials were removed by centrifugation
at 10,000 x g at 4 °C for 15 minutes.
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Cytokine Assays
To test for patterns of cytokine response, T cells were cultured with various peptides in the
presence of APCs. Supernatants were collected 72 hours later and analyzed for quantities of
Th1 (IFN-?, IL-2), Th17 (IL-17) and Th2 (IL-4, IL-5, IL-10, and TGF-ß) cytokines using a
multiplexed ELISA (Bioplex, BioRad).

Analysis of protein phosphorylation
Whole cell lysates were separated on a SDS-PAGE and electrotransferred onto nitrocellulose
membranes. After transfer, the membrane was blocked in TBS (tris buffered saline) containing
3% No-fat dry milk for 2 hours, incubated with phospho specific antibodies in TBS-Tween
20 /3% milk overnight. The membrane was then incubated with a secondary antibody
(Amersham) for 1 hour and subjected to Enhanced Chemiluminescence detection (ECL
Western Blot kit, Amersham) according to the manufacturer’s protocol. For detection of protein
levels, the membranes were re-stripped and blocked with 3% no-fat milk, incubated with anti-
pan antibodies followed by ECL detection.

Flow cytometric detection of intracellular phospho-proteins in qCII24 T cells was carried out
as follows. The magnetic purified CD4+ T cells were stimulated with peptide-prepulsed antigen
presenting cells at different time periods (1 to 60 minutes). Cells were fixed with 1%
formaldehyde and permeabilized with methanol. The fluorescent-conjugated phospho-specific
antibodies as well as antibodies to T cell surface markers (CD3, CD4 and TCR-ß) were added
to the cell preparations and incubated at room temperature for 1 hour. The intracellular
phosphorylation-state was analyzed on a FacsCalibur flow cytometer (Becton Dickinson) using
CellQuest and FlowJo software.

Reagents
The peptide representing the immunodominant determinant of CII245-270
(ATGPLGPKGQTGEBGIAGFKGEQGPK), is designated peptide A2 [6]. B stands for 4-
hydroxyproline. A2 and its analog peptide A9, containing three specific amino acid
substitutions at positions 260, 261, and 263, CII245-270 (A260, B261, and N263), were chemically
synthesized by a solid-phase procedure and purified by high performance liquid
chromatography [7]. The two chemical Syk inhibitors used were piceatannol (Sigma) and
sulfonamide-3 (designated Syk I) or 3-(1-Methyl-1H-indol-3-yl-methylene)-2-oxo-2,3-
dihydro-1H-indole-5-sulfonamide) (Calbiochem). Antibodies and anti-phospho specific
antibodies against Erk, P38, JNK/SAPK, Zap 70 and Syk were obtained from Cell Signaling
Technology, Inc. (Beverly, MA) and the anti-GATA-3 antibody was obtained from Santa Cruz
Biotechnology (Santa Cruz, Ca.).

Statistics
Statistical analysis was performed using the Student’s T test.

Results
Cytokine Response to A9

We have previously described the development of a mouse, qCII24, which expresses a
transgenic TCR that is specific for the immunodominant CII epitope, CII245-270, (A2). These
mice provide an excellent source of CII-reactive T cells for signaling studies. In order to test
for cytokine responses to collagen peptides, CD4+ T cells were isolated from the spleens of
naïve mice and cultured with either A2 or A9 in the presence of antigen presenting cells. Culture
with A2 induced significant amounts of the proinflammatory cytokines IL-2, IL-17 and IFN-?,
while A9 did not. On the other hand, both peptides induced the Th2 cytokines, IL-4, IL-5,
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IL-10, and TGF-ß. (Figure 1). These patterns of cytokines responses are similar to those
previously reported in DBA/1 mice following immunization with CII and treatment with A9
[3]. Together, the data confirm that CD4+ T cells from qCII24 transgenic mice respond to the
A9 peptide with a predominantly Th2 phenotype, although the levels of IL-4, IL-5 and IL-10
are less than those induced by wild type peptide. The ability to induce the secretion of Th2
cytokines may explain the profound suppressive effects A9 has on the development of CIA.

Early T cell signaling with A2 and A9
In order to understand the molecular basis for the difference in the T cell response to A2
contrasted with A9, we explored the intracellular T-cell signaling pathways initiated by both
peptides. CII-reactive T cells cultured with APCs previously pulsed with A2 induced strong
phosphorylation of the 70kD band of ZAP-70 while A9 failed to do so (Figure 2A). Since A9
clearly induces IL-4, IL-5, IL-10 and TGF-ß, it must act through an alternative pathway. Further
analysis revealed culture of T cells with A9 pulsed APCs caused activation of spleen tyrosine
kinase (Syk), a kinase ordinarily utilized by mast cells and B cells but recently reported to play
a critical role in T cells from patients with autoimmune diseases [8](Figure 2A). In order to
confirm that Syk was activated in CD4+ cells, we used flow cytometry. In these experiments
APCs were prepulsed with either A2 or A9, T cells added and the cells fixed, permeabilized
and labeled with antibodies specific for phospho-ZAP-70 and phospho-Syk. By gating on CD-4
cells we were able to confirm that the T cells stimulated with A2 responded by phosphorylation
of ZAP-70 while stimulation with A9 resulted in phosphorylation of Syk (Figure 2B).

Testing for phospho-specific MAP kinase components
Mitogen-activated protein kinases (MAPKs) are thought to play a key role in the transmission
of signals from the outside of the T cell to AP-1 binding DNA sequences inside the nucleus.
Therefore, we investigated the T cell activation of each of the three major components of
MAPK, (ERK, p38 and JNK). The T cells exposed to A2 had rapid phosphorylation of ERK1/2
while exposure to A9 had no effect (Figure 3A). On the other hand, both p38 and JNK were
phosphorylated following exposure to either A2 or A9. Flow cytometric analysis confirmed
the results obtained by Western blot analysis, showing that CD4+ T cells were activated in
response to either A2 or A9 stimulations (Figure 3B). These data clearly showed that MAP
kinase activation pattern by A9 was quite different than that induced following exposure to
WT A2. We did detect some minor variations betweenthe phospho flow data and the western
blots. For example, phospho flow analysis detected p38 activity at an earlier time point than
the western blot. This may represent a greater sensitivity of this technique. Similarly, we noted
that although both A2 and A9 clearly activated pJNK, the activation by A9 was less than that
of WT A2 peptide by western blot while the opposite was documented by phospho flow.
Despite these minor differences, these data clearly showed that exposure to A2 induced a very
different MAP kinase activation pattern than that induced following exposure to A9 peptide.

Syk inhibitors block A9 but not A2, induced Signaling
Based on our findings, we hypothesized that A9 induces an alternative signaling pathway by
phosphorylating Syk, thus bypassing theTCR-?/Zap70 pathway that is induced by A2. To test
this, we used both piceatannol and sulfonamide-3 (Syk I) to block Syk and then examined the
activation of the zinc finger transcription factor GATA-3, which is known to upregulate the
promoters of Th2 cytokines in T cells. CD4+ transgenic T cells were treated with each inhibitor
in the presence of antigen presenting cells pre-pulsed with A2 or A9. After two hours the cells
were lysed and the lysates probed for the presence of GATA-3. Stimulation of the T cells with
A9 resulted in activation of GATA-3. However, in the presence of the Syk inhibitors this
activation was blocked (Figure 4). As expected, activation of the T cells with A2 resulted in
strong activtion of GATA-3, and this effect was not blocked by piceatannol or Syk I.
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These results confirmed that A9 causes T cell activation through an “alternative” Syk signaling
pathway, which results in activation of a different set of MAPKs as well as GATA-3.
Conversely, A2 causes activation of T cells through a TCRζ/ZAP-70 signaling pathway which
is the classical TCR signal cascade.

Suppression of cytokines with Syk inhibitors
Confirmation that the differences in cell signaling through Syk were responsible for the change
in T cell function required demonstration that the cytokine responses correlated with activation
of Syk. For this pupose we used two Syk inhibitors, sulfonamide-3 (Syk I) and piceatannol.
APCs were prepulsed with CII or A9 and qCII24 T cells added along with the inhibitors.
Supernatants were collected and tested for the presence of cytokines using a multiplexed
ELISA. We found that the addition of the Syk inhibitors greatly reduced the IL-4 and IL-5
cytokine responses to A9, while having little effect on the IL-4 and IL-5 responses to A2 (Figure
5). The only exception was the inhibition of the IL-5 response to A2 in the presence of the
highest dose of piceatannol. Since this effect was only seen with one of the two inhibitors, its
significance is unclear. Similarly, the two Syk inhibitors did not decrease the inflammatory
cytokine responses of A2. In some concentrations, the Syk inhibitors actually enhanced the
inflammatory cytokine responses following exposure to A2. It is possible that Syk plays an
inhibitory role in T cell responses to the wild type peptide. On the other hand, it is equally
plausible that disruption of Syk leads to disordered downstream effects that distort typical T
cell signaling pathways. In summary, these data clearly confirm that Syk is essential for T cells
to secrete Th2 cytokines in response to the analog peptide A9.

Discussion
We report that a collagen-reactive TCR uses different signaling pathways in reaction to a
collagen analog and wild type peptide despite presentation by the same I-Aq. If presented with
antigen presenting cells pulsed with A2, qCII24 T cells secrete a full spectrum of cytokines,
and develop fully phosphorylated TCR zeta and ZAP-70. When exposed to A9, Syk becomes
phosphorylated and the T cells become polarized to secrete Th2-type cytokines. Analysis of
down-stream MAP Kinase phosphorylation reveals even greater differences. While A2 causes
a rapid phosphorylation of ERK, together with phosphorylation of p38 and JNK, T cells
stimulated with A9 develop phosphorylation of JNK and p38 without detectable
phosphorylation of ERK. These signaling differences help explain the molecular basis for the
paradox that polarization of T cells with A9 causes a vigorous Th2 cytokine response without
stimulating the classical T cell signaling pathway. Similarly, Itoh and coworkers report that
polarized Th2 cells had little or no detectable Zap-70 phosphorylation despite detectable
cytokine responses [9]. These findings imply a quantitative change in the molecular properties
of the T cells in response to antigens which cause polarization to a primarily Th2 response.
Although the T cell signaling pathways have been studied extensively using T cell lines or
clones, our studies are unique in our use of natural (TCR-Tg) CD4+ T cells tested directly ex
vivo in response to specific peptides

Current models of antigen/MHC induced T-cell activation suggest that there is a sequential
interaction of Src and ZAP-70/Syk protein tyrosine kinases (PTKs) with the TCR/CD3/
complex. TCR engagement causes activation of the Src family PTKs Lck/Fyn, which
phosphorylate the tyrosines present in the immunoreceptor tyrosine activation motif (ITAM)
[10]. The ZAP-70/Syk PTKs then bind to the phosphorylated ITAMs via their respective SH2
domains and activate downstream signaling cascades. ZAP-70 and Syk are structurally
homologous; and are composed of 2 tandem arranged SH2 domains and share more than 50%
sequence identity. These 2 PTKs have overlapping functions but they have distinct expression
profiles. ZAP-70 is expressed exclusively in thymocytes, T cells, and natural killer (NK) cells,
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whereas Syk is expressed in a wide variety of hematopoietic cells including B cells and mast
cells as well as peripheral T cells [11;12;13]. Although Syk is 100 fold more potent as a kinase
than ZAP-70, ZAP-70 is a much more efficient phosphorylator of the TCR? chain.

It has been shown that Syk is expressed at high levels in some human CD4+ effector T cells
[8;14;15]. Although its importance in B cell and mast cell signaling has been extensively
documented, its role in T cell function is poorly understood. Lupus patients, for example, have
strikingly reduced expression of CD3-? in effector CD4+ T cells [8;16;17]. Moreover, certain
patients with SLE preferentially phosphorylate Syk rather than ZAP-70 [14;17;18].
Investigators have previously hypothesized involvement of an alternative signaling pathway
in T cell activation and have implicated various molecules, including members of the Src family
and of the Syk/ ZAP-70 family [19;20;21]. It has also been shown that Syk may be involved
in signaling through the IL-2 receptor and its activation may prevent T cell apoptosis [22].
However, the functional importance of Syk and its link to Th2 cytokine production has not
been previously recognized.

Although the precise mechanism by which A9 peptide exerts its effect is not clear, our data
and that of other investigators have indicated that minor variations in the peptide binding
affinity or in the physicochemical properties of amino acid residues involved in MHC binding
and interaction with the TCR can lead to disparate immunological responses [23;24;25;26;
27]. We have determined that two of the amino acids that give A9 its unique properties are
involved in MHC (I-Aq) binding, CII260 extends into the binding pocket for p1 and CII263
extends into the pocket at p4 as confirmed by binding studies showing that A9, which contains
substitutions at 260 and 263, binds less strongly to I-Aq than wild type CII256-276 analog
peptides. Of the amino acids altered in A9, only CII261 is positioned to interact with the TCR.
The changes in MHC binding differentiate A9 from previously described APL that have altered
amino acids at peptide positions that are involved only in TCR interaction.

Reduced binding is likely to have several consequences: 1) very low density of MHC/A9 on
the presenting cell surface and 2) possible alteration in TCR interaction. Although it has
previously been thought that MHC binding was mostly independent of MHC/Peptide surface
conformation, new technology using MHC/peptide tetramers reveal that changes in the
residues interacting with the P1 and P4 MHC binding pockets can induce subtle but important
stereochemical changes on the neighboring residues positioned to interact with the TCR [28;
29].

An emerging hypothesis is that the effect of new biologic therapies, such as peptides or
antibodies, are linked to their ability to quantitatively and qualitatively modulate the clustering
of target membrane receptors and signaling kinases within the plasma membrane. This activity
would be at the level of the so-called “immunologic synapse.” In this model, a reduced avidity
of interaction with either the MHC or the TCR might cause the antigen receptor within the
immunologic synapse to cluster with Syk/FceRI?, rather than ZAP-70/?. Alternatively an
analog peptide may be incapable of inducing an immunologic synapse to form. These
differences may explain the two fundamentally different outcomes that occur following culture
of CII-specific T cells with either WT A2 (induction of the full spectrum of cytokines) or
suppressive A9 (induction of only the suppressive cytokines). We cannot exclude a third
possibility, that A9 activates another receptor on the surface of T cells which preferentially
utilizes Syk rather than Zap-70.

A shift to a Th2 cytokine profile is significant because Th2 cytokines have inhibitory effects
on CIA [30;31;32;33;34;35]. IL-10 is effective in down-regulating arthritis when administered
to mice [36], yet it does not duplicate the effects of IL-4. Our previous data is consistent with
the concept that IL-4 has a unique role in the suppression of arthritis that is only partially
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duplicated by other Th2 cytokines in the absence of IL-4 [37]. Such observations support out
hypothesis that antigen interaction with the TCR in the context of the MHC can influence the
cytokine profiles which are eventually produced by T cells.

Although the use of APL in the treatment of human disease is limited [38;39;40], recent
evidence suggests that they can induce regulatory T cells that play a role in modulating
autoimmune arthritis [41;42]. Prakken and coworkers described treating arthritis patients with
a dnaJP1 peptide orally for 6 months. Immunological analysis showed an intriguing change
from proinflammatory to regulatory T cell function with increased production of IL-4 and IL-10
[42].

In summary, we more precisely define the mechanism of action of an APL which modulates
arthritis in the collagen induced arthritis animal model. An APL based on a CII peptide uses a
unique T cell signaling pathway to down-regulate arthritis, inducing phosphorylation of Syk
rather than ZAP-70, and signaling through a pathway not previously implicated in the
regulation of arthritis. The functional importance of Syk was confirmed using chemical
inhibitors of Syk. Activation of this alternative pathway is a novel observation and may
represent an important means by which the phenotype of the responding T cell is altered. A
full understanding of the mechanism by which A9 prevents arthritis may lead to development
of innovative immunotherapeutic approaches to antigen specific treatment of autoimmunity.
APLs represent a safer therapy because the mechanism of action targets the cartilage of the
joint without aggravating existing disease. Our hope is that the information gained from this
work will allow us to understand the mechanism of an APL applicable for use in rheumatoid
arthritis. We believe the new treatment modality will be safer and more precise by triggering
a select population of inhibitory T cells.
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Figure 1. Cytokine responses to A2 and A9
Spleen cells were isolated from qCII24 transgenic mice and cultured with or without 100 μg/
ml of each peptide for 6 days. Supernatants were collected and tested for the presence of each
cytokine using a multiplexed ELISA. Results shown represent the means of three separate
experiments and are expressed in pg/ml of supernatant fluid. Panel A represents the response
to inflammatory cytokines (IL-2, IFN-?, and IL-17), while Panel B represents the response to
suppressive cytokines (IL-4, IL-5, IL-10, and TGF-ß). The response to A2 but not to A9 was
significantly greater than background for each cytokine tested in panel A, p = 0.001. The
cytokines in panel B gave a significant response above background to both A2 and A9, p=
0.05. Although only one dose of peptide is shown, we have tested multiple doses which have
demonstrated similar patterns. Moreover, concentrations of A2 as low as 1μg/ml still elicited
greater Th1 and Th17 cytokine responses than Th2 cytokines (103 pg/ml of IFN-?; 1636 pg/
ml of IL-17; 3 pg/ml of IL-4; 47 pg/ml of IL-10) confirming that the cytokine pattern elicited
by A9 could not be duplicated by simply lowering the dose of A2. The cytokine response to
A9 is I-Aq restricted, as CII-reactive T cells from I-Ar mice do not respond to A9 (data not
shown).
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Figure 2. Activation of ZAP-70 and Syk by A2 and A9
A) The qCII24 CD4+ T cells were activated by APCs pre-pulsed with 100 μg/ml of A2, A9 or
no peptide (No Ag) for 5 minutes. This time point was selected based on a time course analysis
showing that the peak activation occurred between two to five minutes after stimulation. Whole
cell lysates were collected and the proteins were separated by SDS-PAGE. The proteins
weretransferred onto PVDF membranes and analyzed first using antibodies specific for
ZAP-70 (pZAP-70-y493) and Syk (pSyk-y525). The membrane was then stripped and reprobed
with antibodies to total ZAP-70 (ZAP-70) and total Syk (Syk) respectively. B). The T cells
were stimulated by APCs pre-pulsed with 100 μg/ml of A2, A9 or no peptide (Control) for 2
minutes. The cells were then fixed, permeabilized, stained with an antibody specific for
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phospho-ZAP-70 (top panel) or an antibody specific for phospho-Syk (bottom panel) and
analyzed by flow cytometry. The histograms were gated on CD4+ T cells.
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Figure 3. Differential activation of MAPKs by A2 and A9
A). CD4+ T cells from the spleens of qCII24 transgenic mice were incubated with APCs pre-
pulsed with 100 μg/ml of A2, A9, or no peptide (No Ag) for the time periods indicated. Western
blot analysis of the total cell lyates was performed using specific antibodies against phospho-
Erk(pErk)/total Erk-1/2 (Erk), phosph-P38 (pP38)/total P38 (P38) and phospho-JNKp52/total
JNKp52 (Figure 4A). B). CD4+ T cells from qCII24 mice were incubated with APCs pre-
pulsed with 100 μg/ml of A2 or A9 at 37 °C for ten minutes. The cells were fixed and
permeabilized before staining with an antibody specific for phospho Erk 1/2, phospho-p38, or
phospho-JNK. The histograms were gated on CD4+ cells. Although the flow data shown are
representative diagrams, each experiment was performed three times and the mean fluoresence
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values are indicated as follows: ERK 1/2 - - no antigen 12.4 ± 5, A2 19.8 ± 9, and A9 9.9 ± 7.
p38 -- no antigen 17.3 ± 5, A2 41.5 ± 8, and A9 49 ± 12; JNK no antigen 14.5 ± 5, A2 19.5 ±
8, A9 22.6 ± 7. The activation of ERK1/2 was significantly greater than background when
activated by A2, p = 0.05 but not by A9. The p38 activation was significantly greater than
background when activated by both A2 and A9, p = 0.01.
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Figure 4. Inhibition of GATA-3 by Syk inhibitors
CD4+ T cells from qCII24 transgenic mice were cultured with 100 μg/ml of either A2 or A9
peptide, or without any peptide (-) for 6 hours in the presence of a Syk inhibitor (Syk I) (10
pM), Piceatannol (300 μM), or DMSO as control. After culture, the cells were collected and
the extracts were subjected to immunoblot analysis using an antibody against GATA-3 (top
panel). The same membranes were then stripped and re-blotted with anti-β-actin antibody
(lower panel). The results shown are representative of data obtained from three separate
experiments. Densitometry of the results is displayed below the gel.
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Figure 5. Effects of Syk inhibitors on cytokine responses to A2 and A9
Splenocytes from qCII24 transgenic mice were cultured with antigen presenting cells prepulsed
with 100 μg/ml of either A9 peptide (Figure 5A) or A2 peptide (Figure 5B) for 6 days in the
presence or absence of the indicated concentrations of piceatannol (Pic), or sulfonamide-3,
(Syk I). Supernatants were collected and tested for the presence of each cytokine using a
multiplexed ELISA. Results are expressed in pg/ml of supernatant fluid. (Only the Th2
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cytokine responses are shown for A9, because this peptide was unable to induce any significant
inflammatory cytokine responses. Neither did the presence of the syk inhibitors induce their
secretion.) The Syk inhibitors both significantly inhibited the IL-4 response to A9, p = 0.01
and the IL-5 response to A9 p = 0.005. Neither inhibitor was able to suppress the cytokine
responses to A2, with the exception of only the highest dose of piceatannol, p = 0.05, against
IL-5. IL-2 is shown as a representative Th1-type cytokine. However, the results for the syk
inhibitor were similar for the other Th1 cytokines (for example the IFN-? response to A2 was
42,000 ± 2000 pg/ml; while in the presence of pic 5μM the results were 51,00 0 ± 3,000 pg/
ml and in the presence of sykI 0.01 μM the results were 47,000 ± 2500 pg/ml).
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