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ABSTRACT

Control of immune response requires the coordinated integration of both stimulatory
and inhibitory factors. Therefore, the cross-talk of different signaling pathwaysis
critical in providing an integrated cellular response to multiple external signals. Both
interleukin-4 (I1L-4) and transforming growth factor (TGF-f3) are pleiotropic cytokines
and play critical rolesin controlling immune responses. For example, IL-4 mediates
important pro-inflammatory functions in asthmaincluding induction of the IgE isotype
switch, expression of vascular cell adhesion molecules. Whereas, TGF-§ is secreted
from B, T and dendritic cells as well as macrophages, and negatively regulates their
proliferation, differentiation and activation by other cytokines. In this study, we
examined the effect of TGF-3 on IL-4 signaling using B cells as well as embryonic
kidney cells. TGF- inhibited IL-4-induced IgG1 production and gene expression of
germline ¢ transcriptsin B cells. In embryonic kidney cells, TGF-f signals suppressed
I L-4-induced transcription, when we monitored using germline € promoter DNA.
Furthermore, activation of NF-kxB resulted in aresistance to TGF-f-mediated
suppression of 1L-4 signaling. These results indicate that TGF-p-mediated regulation of

IL-4 signaling may act by targeting NF-kB signaling.
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INTRODUCTION

IL-4 isapleotropic cytokine and known as a key mediator in the development of
alergic inflammation [1]. It is associated with induction of the ¢ isotype switch and
secretion of IgE by B cells. IL-4 also increases the expression of chemokines, other
inflammatory cytokines and vascular cell adhesion molecules, promotion of eosinophil
transmigration across endothelium, mucus secretion. Another critical function of IL-4is
to promote the differentiation of activated T cellsinto Th2 effectors[2, 3]. IL-4
transduces its signal by binding to its cell surface IL-4 receptor o chain (IL-4Ra), and
either the common y-chain or an I1L-13 receptor o chain, on most cell types to cause
receptor dimerization and subsequent activation of intracellularly associated Jak1 and
Jak2 [4]. The Jaks then phosphorylate tyrosine residues on the cytoplasmic tail of the
receptor, allowing cytoplasmic STATG6 proteins to dock viatheir Src homology 2 (SH2)
domain. STAT6 then becomes tyrosine phosphorylated by the Jaks, dissociates,
dimerizes through a SH2 domain-phosphotyrosine interaction and translocates to the
nucleus to bind DNA and modulate transcription [5, 6, 7].  IL-4-dependent Th2
program of cytokine genesin activated T cellsis clearly mediated by STAT6, while
IL-4-independent Th2 devel opment was promoted by expression of constitutively
activated STAT6 [8, 9, 10, 11].

Transforming growth factor-p (TGF-B) family of growth factors regulates diverse
biological processes. TGF-f inhibits proliferation of epithelial, endothelial and
haematopoietic cells, regulates the differentiation of immune, neuronal, mesenchymal
and epithelial cell types and modulates their apoptotic response [12, 13, 14]. TGF-$
signaling is mediated through cell membrane transmembrane receptors located at the

cell surface (TBRS) that are serine/threonine kinases, which in turn use the highly



conserved members of the Smad (Sma and MAD-related protein) family of transcription
factors to transduce their signalsto the nucleus [15, 16]. Perturbation of TGF-
signaling isinvolved in autoimmunity, inflammation and cancer. A variety of murine
models provide clear evidences that eliminating TGF-f or disrupting its downstream
signaling cascade leads to inflammatory disease [17, 18, 19].

In this study, we examined the effect of TGF-§3 on IL-4 signaling in lymphoid and
non-lymphoid cells. TGF- inhibited IL-4-induced IgG1 production and gene
expression of germline ¢ transcriptsin B cells. TGF-f signals also suppressed
IL-4-induced transcription in embryonic kidney cells. Furthermore, we presented the

evidence that TGF-p-mediated suppression of 1L-4 signaling requires NF-«B signaling.



MATERIALSAND METHODS

Reagents and antibodies

Recombinant IL-4 was purchased from Chemicon (Temecula, CA, USA). Recombinant
TGF-B was purchased from Strathmann Biotech GmbH (Hamburg, Germany).
Pyrrolidine dithiocarbamate (PDTC) was purchased from Calbiochem (San Diego, CA,
USA). Expression vectors, p300 [20, 21], TGF-f receptor type | (T204D) [22], CD40
[23], DN-I1xB, IKKaK44M, IKKBK44M [24], IL-4Ra. [25], Ie-LUC [26], C/EBPB [27],
STAT6YF [28] were kindly provided by Dr. K Miyazono (Tokyo Univ. Tokyo, Japan),
Dr. J. Massagué (Memorial Sloan-K ettering Cancer Center, New York, NY, USA), Dr.
H. Kikutani (Osaka Univ., Osaka, Japan), Dr. T. Fujita (Tokyo Metro. Inst. Med. Sci.,
Tokyo, Japan), Dr. H. Sakurai (Tanabe Seiyaku, Osaka, Japan), Dr. K. Izuhara (Saga
Med, Sch., Saga, Japan), Dr. M. Aoki (Sumitomo Pharmaceuticals Co., Osaka, Japan),
Dr. S. Akira (Osaka Univ., Osaka, Japan), Dr. T. Kuromitsu (Y amanouchi
Pharmaceutical Co., Tsukuba, Japan), and respectively. Ce probe [29] was a kind gift of
Dr. T. Watanabe (Kyushu Univ., Fukuoka, Japan). Anti-STAT6, anti-NF-xB p65
anti-phosphotyrosine antibodies were purchased from Santa Cruz Biotechnology (Santa

Cruz, CA, USA) and Upstate Biotechnology (Lake Placid, NY, USA), respectively.

Cell culture, transfections, and luciferase assays

Murine splenic B cells were prepared as previously described [30]. The human
EBV-negative Burkitt’s lymphoma cell [ine DND39 was a kind gift from Fujisaki Cell
Center (Okayama, Japan) and maintained in RPM 11640 medium containing 10% fetal

caf serum (FCS) [29]. A DND39/1e-LUC transformant was established by

co-transfecting le-LUC and pSV 2-bsr (Funakoshi Pharmaceutical Co., Tokyo, Japan)



and selected in the above medium containing blasticidin-S (6ug/ml) (Funakoshi
Pharmaceutical Co., Tokyo, Japan). 293T cells were maintained in DMEM containing
10% FCS and transfected by the standard calcium precipitation protocol. Luciferase

assay was performed as described [31].

Northern blot analysis and electrophoretic mobility shift assay (EMSA)

DND39 cells were maintained as described above. Cells (1x107) were treated with IL-4
(30 U/ml) and/or TGF-$ (100U/ml) for 12, or 24 h. Total RNASs were prepared using
Iso-Gen (Nippon Gene) and used in Northern analysis according to established
procedures. A nylon membrane (Hybond N+, Amersham Pharmacia Biotech) and
radiolabelled cDNA probes, as indicated, were used. DND39 cells were stimulated with
[L-4 (30 U/ml) and/or TGF-$ (100 U/ml) for 30 min. Nuclear extracts were prepared
and EM SA was performed as described previously [32]. The DNA probe used for
EMSA is derived from the human germline & gene promoter (See, Fig 2A) [26] and the
probe for NF-xB was purchased from Santa Cruz Biotechnology (Santa Cruz, CA,

USA)

I mmunoprecipitation and immunaoblotting

The immunoprecipitation and Western blotting were performed as described previously
[31]. 293T cells were harvested and lysed in lysis buffer (50 mM Tris-HCI, pH 7.4, 0.15
M NaCl, containing 0.5% NP-40, 1 M sodium orthovanadate, 1 M

phenylmethylsulfonyl fluoride, and 10 g/ml each of aprotinin, pepstatin, and leupeptin).
DND39 cells were stimulated with 1L-4 (30 U/ml) and/or TGF-$ (100 U/ml) for 30 min.
Cdll lysates were immunoprecipitated with anti-STAT6 antibody. The

immunoprecipitates from cell lysates were resolved on 5-20% SDS-PAGE and



transferred to Immobilon filters (Millipore, Bedford, MA, USA). The filters were then
immunobl otted with each antibody. mmunoreactive proteins were visualized using an

enhanced chemiluminescence detection system (Amersham Pharmacia Biotech).



RESULTSAND DISCUSSION

TGF-p suppresses | L-4-induced 1gG1 production and gene expression in B cells

In order to characterize the molecular basis of the cross-talk between IL-4 and TGF-3
signaling pathways, we examine the effect of TGF-§ on IL-4 induced gene expression
of germline ¢ transcriptsin a human B cell line, DND39, which isresponsible on IL-4.
To test the expression of germline ¢ transcripts by IL-4, we carried out Northern blot
analysis on RNA samples prepared from DND39 cells, which were treated with IL-4
and/or TGF-3. Expression of germline ¢ transcripts by IL-4 was detected at 12h and
enhanced at 24 h in the absence of TGF-$ (Fig. 1A). However, TGF-3 treatment
resulted in a marked reduction of germline ¢ transcripts expression, although TGF-3
alone showed no effect on its expression. Since IL-4 also induces IgG1 production in B
cells, we assess IgG1 or IgM production in murine splenic B cellsby IL-4 in the
absence or presence of TGF-. Asshownin Fig. 1B, IL-4 strongly induced 1gG1
production in murine splenic B cellsin the absence of TGF-3, whereas I L-4-induced
IgG1 production was not observed in the presence of TGF-B. On the other hand, IL-4
had no effect on IgM production in the absence or presence of TGF-3. We further
examined whether TGF-f has any effect on IL-4-mediated transcriptional gene
activation in B cells. IL-4-mediated transcriptional responses were measured by reporter
gene assay using le-LUC, in which the human germline € promoter [26] drives
expression of the luciferase (LUC). DND39 bearing le-LUC, DND39/1e-LUC cells
were treated with IL-4 and/or TGF-f and LUC activities were determined. As shown in
Fig. 1C, IL-4 stimulated le-LUC activity in a dose-dependent manner. When cells were

treated with both IL-4 and TGF-, le-LUC activity was decreased by 40% compared



with the activation by IL-4 alone. These data show that TGF-3 suppresses IL-4-induced
germline ¢ transcripts expression as well as le-LUC transcription activity in B cells.
We also examined whether TGF-3 stimulation has any effect on immediate early
STAT6 activation by IL-4 in DND39 cells. We first assessed changesin
tyrosine-phosphorylation of STAT6, which trigger its activation, in DND39 cells. To
that end, DND39 cells were either left untreated or treated with IL-4, TGF- or IL-4
plus TGF-B, and their cell extracts were prepared and subjected to immunopreci pitation
using an anti-STATG6 antibody. The immunoprecipitates were then used in Western blot
analysis with an anti-phosphotyrosine antibody. As shown in Fig. 2A, STAT6 was
tyrosine-phosphorylated by IL-4 even in the presence of TGF- in DND39 cells,
suggesting that TGF-B had no effect of I1L-4-induced tyrosine phosphorylation of
STATS6. To further confirm the effect of TGF-$ on IL-4-induced DNA binding activity
of STAT6 or NF-xB, EMSA was performed using nuclear extract prepared from
DND39 cellstreated or untreated with IL-4, TGF-f or IL-4 plus TGF-B. A specific
STAT6 complex was detected in the gel in nuclear extracts from cells stimulated with
IL-4 or IL-4 plus TGF-B (Fig. 2B). Although a dslight enhanced NF-kB complex was
detected in the gel in nuclear extracts from cells stimulated with IL-4 compared to the
unstimulated nuclear extracts, no significant alteration by TGF-p stimulation was
observed (Fig. 2B). The addition of anti-STAT6 or anti-NF-xB p65 antibody shifted
these complexes higher in the gel, whereas control 1gG had no effect (data not shown).
These data show that TGF-3 treatment results in no ateration of immediate early

STAT6 and NF-xB activation in DND39 cdlls.



Reconstitution of the cross-talk of IL-4 and TGF-£ signaling pathway in 293T cells
To further delineate the details of the cross-talk between IL-4 and TGF-3 signaling
pathways, we first carried out transient transfection experimentsin 293T cells by
reconstitution of 1L-4 signaling pathway in 293T cells by expression of IL-4 receptor o
chain (IL-4Ra) together with a germline € promoter-luciferase construct. IL-4 activity
was monitored by using le-LUC reporter gene activity [26]. le-LUC isadeletion
derivative of the human germline ¢ promoter, which contains C/EBPB, STAT6 and
NF-kB binding motifs, drives expression of the LUC gene. 293T cells were transfected
with le-LUC and cells were stimulated with increasing amounts of I1L-4. However, IL-4
did not induce aLUC expression in 293T cells, when we transfected with le-LUC (Fig.
3A). Previous studies have shown that p300/CBP isinvolved in IL-4/STAT6-mediated
transcriptional activation [33, 34]. We have also demonstrated that overexpression of
p300 in 293T cells effectively enhances LIF/STAT3-mediated LUC expression.
Therefore, we further expressed p300 together with IL-4Ro and le-LUC reporter gene
in 293T cells. Asshown in Fig. 3A, le-LUC activity wasinduced by IL-4in a
dose-dependent manner in the presence of p300. To assess whether these effects were
mediated through mainly STAT6 or some other intermediary factors, we used a
dominant negative form of STAT6, STAT6Y F [28]. As expected, STAT6 YF
significantly inhibited IL-4-induced le-LUC expression in a dose-dependent fashion
(Fig. 3B).

To clarify the importance of the transcriptional activity by TGF-3 signal in 293T cells,
we used a constitutively active form of TGF-f receptor type | /TBR-I (T204D). Aswe
described previously [21], in 293T cells, TBR-1 (T204D) effectively stimulates

p3TP-LUC, which isone of the standard reporters for assessing TGF-3 activity [22].
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We then assessed the effect of TGF-f signal on IL-4 signaling in 293T cellsusing
TBR-I (T204D). 293T cells were transfected with le-LUC, IL-4Ra., p300 and an
increasing amounts of TBR-I (T204D), and cells were stimulated with IL-4. As shown
inFig. 3C, TBR-I (T204D) suppressed IL-4-induced le-LUC activity in a
dose-dependent fashion. This result indicates that the effect of TGF-3 signal on

I L-4-induced transcriptional activity can be reconstituted in 293T cells similar to those
observed in murine splenic B cells or DND39 cells when we assess a LUC activity
using le-LUC, which contains NF-kB binding motif. We next examined whether NF-kB
activation has an effect on their LUC expression using CD40, which iswell known asa
NF-xB stimulator [35, 36]. When CD40 was expressed in 293T cells, le LUC
activity was increased in a dose-dependent fashion (Fig. 3D). Furthermore,

overexpression of C/EBPB had no effect on le-LUC activity in 293T cells (Fig. 3E).

Effect of NF-xB signaling on I L-4-induced | &-LUC activity

To examine the effect of NF-xB signaling on IL-4-induced le-LUC activation, we used
severa inhibitors for NF-xB signaling, such as a dominant negative form of 1«B, IKKa
or IKK [24]. 293T cells were transfected with expression vectors for IL-4Ro, p300
and le-LUC and/or increasing amounts of a dominant negative form of kB, IKK o or
IKKf, and the LUC activity was measured. As shown in Fig. 4A, B, C, IL-4-induced
le-LUC activity was suppressed by any of NF-kB inhibitors. Furthermore, achemically
synthetic NF-xB inhibitor, PDTC treatment of DND39/1e-LUC cells resulted in amild
reduction of IL-4-induced le-LUC activation (Fig. 5D). To further confirm the
involvement of NF-xB on TGF-f effects on IL-4 signaling, we examined the effect of

CD40 overexpression on TGF-B-mediated suppression of IL-4-induced le-LUC
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activation in 293T cells. 293T cells were transfected with expression vectors for IL-4Ra,
p300 and le-LUC and/or CD40 and/or an increasing amounts of TBR-1(T204D), after
IL-4 stimulation, and then the LUC activity was measured. As shown in Fig 4E,
TGF-B-mediated le-LUC suppression was not observed in the presence of CD40. These
results indicate that the inhibitory effect of TGF-3 on IL-4 signaling in 293T cellsis

mediated by targeting NF-kB.

Concluding remarks

We have shown here that the TGF- suppresses IL-4 signaling in lymphoid and
non-lymphoid cells. TGF- treatment inhibited IL-4-induced 1gG1 production and
endogenous germline ¢ transcripts expression in B cells as well as I L-4-dependent
reporter activity in 293T cells. We also demonstrated that activation of NF-kB resulted
in aresistance to TGF-f-mediated suppression of I1L-4 signaling.

Activation of the germline € promoter in B cells triggers the recombination event
leading to class switching and expression of the IgE isotype. The promoter is activated
in response to multiple signals, especially 1L-4 [37]. The IL-4 responsive element has
previously been characterized and shown to contain binding sites for C/EBPB, STAT6
and NF-xB [37, 38]. It has also been reported that functional synergies between them
in driving IL-4-induced expression of the germline ¢ transcripts, although
overexpression of C/EBP failed to activate IL-4 signaling in our system. NF-xB isa
dimeric transcription factor that plays a central role in the regulation of immune
functions[39]. NF-xB subunits gene-targeted knockout mice revealed that NF-xB
subunits play an important in B and T cell function as well as macrophage and dendritic

cell function including proliferation, antibody production and class switching. In this
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study, we used CD40 expression construct to activate NF-xB signaling in 293T cells.
CDA40 ligation provides B cells with an important costimulatory signal that together
with B cell receptor engagement and cytokine signals leadsto B cell activation [35, 36],
including class switching, and differentiation to antibody-secreting plasma cells. CD40
signaling results in the activation of transcription factors including NF-xB nuclear
factor of activated T cells (NF-AT), and AP-1 (activator protein-1) [39, 40]. Several
reports have shown that IL-4 and CD40 lignad costimulation induces germline ¢
transcripts in both mouse and human B cells [41, 42]. Previous studies have focused on
the trans-activating roles of STAT6 and NF-kB in activation of the germline € promoter
to explain the synergism between IL-4 and CD40 ligand stimulation [43, 44]. In fact,
the essential roles of STAT6 and NF-kB p50 in induction of germline ¢ transcriptsin
vivo have been also demonstrated in gene knockout experiments, in which IL-4 and
CDA40 lingad are unable to induce germline € transcripts or IgE in B cells from either
STATG6- or NF-xB p50-deficient mice [9, 10, 45], suggesting that both STAT6 and
NF-kB playsacrucia rolein IL-4 signaling, although there have been no reports
describing an interaction between STAT6 and NF-kB.

Recent studies have demonstrated that both STAT6 and glucocorticoid receptor (GR)
inhibit NF-xB signaling [46, 47]. STATG6 inhibits NF-xB signaling by competing for an
overlapping consensus sequence within adua NF-kB enhancer element [46] or by
competition of NF-kB for the co-activator CBP (CREB-binding protein) [47].
Furthermore, the GR is shown to bind to NF-kB and present transactivation of the target
genes, without alteration of the occupancy on the DNA response elements [48]. In our
present study, a significant NF-kB activation by IL-4 was not observed in DND39 cells.

However, a NF-xB inhibitor affected IL-4 induced transcription in DND39 cells. These

13



results suggest that some modification of NF-xB by TGF-f signaling may affect the
formation of effective enhanceosome assemebly including co-activator CBP. More
detailed time course analysis of enhanceosome occupation by these factors will be
required to understand the mechanism of TGF--mediated suppression IL-4 signaling in
B cells.

Other TGF-B-inducible genes may also involve in the suppression of IL-4-mediated
expression of germline € transcripts. A basic helix-loop-helix protein, E2A, is known to
be an essential target during B-cell activation and itsinduction is required to promote Ig
class switch recombination [49]. Recently, it has been reported that B cells lacking 1d2
increased E2A activity and underwent class switch recombination to IgE at a much
higher frequency than wild-type B cells. 1d2 is one of TGF-B-inducible genes[50].
Therefore, 1d2 was induced in wild-type B cells by TGF- and suppressed IgE class
switch [51]. At present time, we do not know whether |d2/E2A aso involvesin
TGF-B-mediated suppression of 1L-4 transcription in 293T cells and further studies are
required to clarify thisissue.

The present report describes an efficient system to explore the cross-talk between IL-4
and TGF- signaling in aB cell line or an embryonic kidney cell line. Using these
system, we demonstrated that TGF-p-mediated suppression of IL-4 signaling may act
by targeting NF-xB signaling. Further detailed understanding of the cross-talk between
IL-4 and TGF-p using these systems is therefore important as this new information may

provide new therapeutic approaches for allergic diseases.
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FIGURE LEGENDS

Fig. 1. TGF-B suppresses|L-4-induced 1gG1 production and gene expression in B
cells.

(A) Effect of I1L-4 and/or TGF-3 on germline ¢ transcripts (Ce) expression in DND39
cells. 20 ug of total RNA from DND39 cells treated with IL-4 (30 U/ml) and/or TGF-3
(100 U/ml) for 12 or 24 h was used for Northern blot analysis. Actin mRNA isincluded
as aloading control (lower panel).

(B) Murine splenic B cells were cultured with an increasing amounts of IL-4 in the
absence or presence of TGF-(100U/ml). After 5-day culture,, culture supernatants
were harvested and isotype-specific enzymed-linked immunosorbent assays (ELISA)
were performed. The error bars represent the standard deviations.

(C) DND39Y/Ie-LUC cells were stimulated with an increasing amounts of I1L-4 in the
absence or presence of TGF-§ (10 or 100U/ml). After 48 h culture, cells were harvested
and relative luciferase activities were measured. The error bars represent the standard

deviations.

Fig2. IL-4-induced STAT®6 activation in DND39 cells.

(A)IL-4-induced tyrosine phosphorylation of STAT6. DND39 cells (1x107)

were stimulated with IL-4 (30 U/ml) and/or TGF-$ (100U/ml) for 30 min. Cell lysates
were immunoprecipitated with an anti-STAT6 antibody and immunobl otted with
anti-phosphotyrosine antibody (upper panel). The blot was stripped and reprobed with
an anti-STAT6 antibody (lower panel).

(B) Induction of STAT6 or NF-kB DNA binding activity by IL-4 and/or TGF- in

DND39 cells. Nuclear extracts from DND39 cells treated with IL-4 (30U/ml) and/or
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TGF-B (100U/ml) for 30 min were prepared as described previously. EMSA was
performed using a **P-labeled I¢ or NF-kB oligonucleotide probe. The arrow shows an

IL-4-induced STAT6-DNA complex or NF-kB-DNA complex.

Fig. 3. Reconstitution of thelL-4 signaling pathwaysin 293T cdlls.

(A) 293T cells were transfected with le-LUC (1ug), IL-4Ra (0.1ug) and/or p300
expression construct (0.1ug) asindicated. 48 h after transfection, cells were stimulated
for an additional 12 h with an increasing amounts of I1L-4 (0.3-30U/ml) and cells were
harvested and relative |uciferase activities were measured.

(B) 293T cells were transfected with le-LUC (1ug), IL-4Ra (0.1ug) and/or p300
expression construct (0.1ug), and/or various doses (0.1-1.0ug) of STAT6YF. 48 h after
transfection, cells were stimulated for an additional 12 h with IL-4 (30U/ml) as
indicated and cells were harvested and relative |uciferase activities were measured.

(C) 293T cells were transfected with le-LUC (1ug), IL-4Ra (0.1ug) and p300
expression construct (0.1ug), and/or an increasing amounts of TBRI(T204D) (0.1-1 pg)
asindicated. 48 h after transfection, cells were stimulated for an additional 12 h with
IL-4 (30U/ml) and cells were harvested and relative luciferase activities were measured.
(D) 293T cells were transfected with le-LUC (1ug), IL-4Ra (0.1ug) and p300
expression construct (0.1ug), and/or various doses (0.1-1.0ug) of CD40. 48 h after
transfection, cells were harvested and relative luciferase activities were measured.

(E) 293T cells were transfected with le-LUC (1ug), IL-4Ra (0.1ug) and p300
expression construct (0.1ug), and/or various doses (0.1-1.0ug) of C/EBPB. 48 h after
transfection, cells were harvested and relative luciferase activities were measured. The
results are presented as fold induction of luciferase activity from triplicate experiments.

The error bars represent the standard deviations.
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Fig. 4. Involvement of NF-xB in le-LUC activation by IL-4.

(A) 293T cellswere transfected with le-LUC (1ug), IL-4Ra (0.1ug) and p300
expression construct (0.1ug), and/or an increasing amounts of DN-1xB (0.1-1 ug) as
indicated. 48 h after transfection, cells were stimulated for an additional 12 h with IL-4
(30U/ml) and cells were harvested and relative luciferase activities were measured.

(B) 293T cells were transfected with le-LUC (1ug), IL-4Ra (0.1ug) and p300
expression construct (0.1ug), and/or an increasing amounts of IKKaK44M (0.1-1 ug)
asindicated. 48 h after transfection, cells were stimulated for an additional 12 h with
IL-4 (30U/ml) and cells were harvested and relative luciferase activities were measured.
(C) 293T cells were transfected with le-LUC (1ug), IL-4Ra (0.1ug) and p300
expression construct (0.1ug), and/or an increasing amounts of IKKBK44M (0.1-1 pg) as
indicated. 48 h after transfection, cells were stimulated for an additional 12 h with IL-4
(30U/ml) and cells were harvested and relative luciferase activities were measured.

(D) DND/Ie-LUC cells were stimulated with or without IL-4 (10U/ml) in the absence or
presence of various doses (10-100 uM) of PDTC. 48 h after transfection, cells were
harvested and relative luciferase activities were measured.

(E) 293T cells were transfected with le-LUC (1ug), IL-4Ra (0.1ng) and p300
expression construct (0.1ug), and/or CD40 (0.5u9) together with an increasing amounts
of TBR-I (0.1-1.0uQ). 48 h after transfection, cells were harvested and relative luciferase
activities were measured. The results are presented as fold induction of luciferase

activity from triplicate experiments. The error bars represent the standard deviations.
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