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ABSTRACT

Interleukin-4 (IL-4) induces tyrosine phosphorylation
of the latent transcription factor Stat6, which mediates
the transcriptional responses of IL-4. The trans-
activation domain of Stat6 has recently been mapped
to the C-terminal region of Stat6. We have inves-
tigated the mechanism by which Stat6, through its
transactivation domain, induces transcription. Pre-
vious studies have shown that diverse regulated
transcription factors interact with coactivators such
as p300 and CBP. We report that Stat6 used the inter-
action with p300/CBP to exert its stimulatory effects.
Overexpression of p300/CBP increased IL-4-induced
transcription of Stat6é activated reporter genes. The
requirement of p300/CBP for Stat6-mediated trans-
activation is shown by coexpression of the adeno-
virus E1A protein. E1A repressed the IL-4-induced
reporter gene activity, while mutants of E1A, which
do not interact with p300/CBP, failed to block the IL-4-
induced response. In addition, we found that the min-
imal transactivation domain of Stat6, when fused to
the GAL4 DNA-binding domain, was repressed by
E1A, whereas the fusion protein p300-VP16 increased
the transcriptional activity. In two-hybrid protein
interaction assays in mammalian cells, we mapped
the interaction domain of CBP to a C-terminal region
between amino acids 1850 and 2176, a region distinct
from the interaction domain of CBP with Statl, Stat2
or Stat5. Finally, we show that antibodies raised
against p300 coimmunoprecipitated Stat6 and p300
from transfected COS7 cells and antibodies against
Stat6 coimmunprecipitated endogenous Stat6 and
CBP from Ba/F3 cells. Our data suggest that the
transactivation domain of Stat6 makes contact with the
basal transcription machinery by binding to p300/CBP.

INTRODUCTION

the cell surface induces receptor dimerization and activation of
the cytoplasmic receptor associated Janus kinases (JAK). The
JAK then phosphorylate a specific tyrosine residue, residue
641 in Stat6 (1), causing STAT dimerization, translocation to
the nucleus and leading to specific DNA-binding to promoter
sequences. This results in transactivation of the target genes
(reviewed in 2,3). The different STAT molecules share sig-
nificant homology in structure and function. Immediately
upstream of the phosphorylated tyrosine residue, there is an
SH2 domain which is involved in the recognition of the acti-
vated receptors and in the mediation of STAT dimerization.
The DNA-binding domain (DBD) of Stat6 lies between amino
acid residues 268 and 448 (4). The transactivation domain
(TAD) of Stat6 has recently been mapped to a proline-rich
region in the C-terminus of the protein. This domain alone is
able to activate the transcription of a reporter gene when fused
to the heterologous GAL4-DBD (5,6). Stat6 is activated in
response to Interleukin-4 (IL-4) and IL-13 and it mediates
many transcriptional responses of IL-4 (7,8). Stat6 DNA-
binding sites have been identified in the promoter regions of
several IL-4-inducible genes, including CD23, major histo-
compatibility complex class Il, Ig clagsandyl, the milk protein
B-casein and the@hydroxysteroid dehydrogenase3(8iSD)

type 1 (6,9-13). Studies performed with Stat6-deficient mice
have confirmed that Stat6 plays an essential role in IL-4 and
IL-13 signaling (14,15).

The CREB-binding protein (CBP) was first identified as a
co-activator for the cAMP response element binding protein
(CREB) (16), while p300 was cloned as a protein associated
with the adenoviral E1A protein (17). CBP and p300 are two
ubiquitously expressed nuclear proteins, they share sequence
homology and have overlapping functions (18-20). This is
emphasized by the similarities in the phenotype of p300 (—/-),
CBP (-/-) and compound heterozygous knockouts (21).
Although it was recently demonstrated that p300 and CBP
have distinct roles in retinoic acid induced differentiation and
transcription (22), there is no evidence, to date, suggesting that
the other transcription factors specifically require CBP or
p300. Therefore, p300/CBP will be used throughout the
remainder of this manuscript when discussing properties of
both p300 and CBP. It was shown that p300/CBP do not bind
to DNA by themselves, but can be recruited to promoter

Stat6 is a member of the STAT (signal transducers and activatoesements by interaction with different sequence-specific DNA-
of transcription) family of transcription factors that are activatedbinding factors. They act as coactivators for several classes of
by various cytokines. Binding of the cytokine to its receptor attranscription factors such as c-Jun (23,24), c-Fos (25)kRF-
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(26,27), Sap-la (28), pp90RSK (29), p53 (30,31), severdPlasmids

memberg of the nuclear receptor superfamily (32—39)_and diﬁe‘The reporter geneg-casein luciferase, (GAL4)3TK luciferase,
ent steroid-receptor coactivators (40-43). Recently it has be n4(STAT-RE)3 luciferase, cytokine inducible sequence Iuci-

shown that Statl, Stat2 and Stat5 also interact with p300/CB erase (CIS-LUC), oncostatin M luciferase (OSM-LUC) and the
(40,44,45). It appears that p300/CBP stimulate the transcriptiogxpressiorl vecto'rs pXM-hStat6, pXM-IL-6R CMX-GAL4

of target genes by their intrinsic histone acetyltransferasg,y Gl 4-Stat6 were described previously by Morigglal.
activity (46,47) and by their association with another histon 6). The reporter gene3HSD type 2 luciferase contained the
acetyltransferase, p/CAF (48). In addition, p300/CBP can a equences from —496 to +53 of the humgnrgdroxysteroid
as co-activators or adapters by bridging transcription factors tBehydrogenase BHSD) type 2 gene. This fragment was
basal transcription machinery,_ e.g. TFIII_3, TBP ar_1d RNA he“'amplified by PCR with primer containingbal linkers and
case A (49-51). The adenovirus protein E1A binds to p300{|oned into theNhd site of the pGL3 vector. Expression vector
CBP, which is essential for its transforming and m'mge”'cencoding E1A 12S or E1A 12S mutants were described by
activity. E1A suppresses several transcription control elements gy; nnisteret al. (25). p300 and p300-VP16 were provided by
binding directly and sequestering p300/CBP (17). Because diR. Eckner and mCBP expression vector were provided by
ferent pathways may interfere with each other by competinR. Goodman. The series of GAL4-CBP fusion proteins were
for limiting amounts of the coactivators p300/CBP, these propptained by inserting each corresponding region (obtained by
teins CBP/p300 serve as integrators of multiple signal transeestriction enzyme digestion or by PCR) into the required site
duction pathways within the nucleus (29,43,52). of CMX-GALA4 to preserve the reading frame. Orientation and
In this study we have investigated whether Stat6 intefiacts insertion of all constructs was confirmed by digestion and
vivo with p300/CBP. We report that p300/CBP are coacti-DNA sequencing. pcDNA3-VP16 was generated by amplifying
vators for Stat6 and that they are associated with Stewé/o. VP16 (amino acids 411-489) with primers containing additional
This study provides further insight into the mechanismssequences. The 5'-primer contained the following additional
between the binding of Stat6 to its response element and theequences: a uniqugindlll site, a Kozak sequence, a start
transmission of the signal to the basal transcription apparatugsodon, the sequence encoding the nuclear localization signal
(NLS) from SV40 large T antigen (amino acids 126-132), an
EcaRl site, anEcARV site and aBanH| site all in the same
MATERIALS AND METHODS reading frame as VP16. The downstream primer contained a
Cell culture and transfection stop codon and a uniguébd site. The PCR fragment containing

. the VP16 sequence was clonedriindlll-Xbd fragment into
HeLa cells, COS7 cells and 293 cells were cultured in Dulbecco'the Hindlll and Xba sites of pcDNA3. Stat6-VP16 fusion

modified Eagles’ medium (DMEM) supplemented with 10% proteins were generated by PCR amplification of the Stat6
FBS, 2 mML-glutamine, 100 1U/ml penicillin and 5Qg/ml  sequence, corresponding to amino acids residues 2-268, 269-448,
streptomycin sulfate. COS7 cells were plated at a density of49-641 and 642-847, with downstream primers containing a
500 000 cells per 10 cm dish or 100 000 cells in 6-well platesynique EcoRI site and upstream primers containing either a
HelLa and 293 cells were plated at a density of 500 000 cellgnique Bglll or BanHI site. The digested fragments were
per 10 cm dish or 200 000 cells in 6-well plates. Cells weresjoned intoBanH| and Ecorl sites of pcDNA3-VP16. The
transfected by either the calcium phosphate precipitation teckontrol reporter vector CM\BGal was drived from Stratagene

nique or with the ExGen 500 reagent (Euromedex) according a Jolla, CA). 1ug of the control reporter vector CMBGal
to the manufacturer’s instructions. One day after transfectionyas transfected per 10 cm plate.

the cells were treated, where indicated, for 12 h with 10 ng/ml o
IL-4. IL-4 was purchased from R&D Systems (Minneapolis, Coimmunoprecipitation

MN). Two days after transfection cells were harvested, washe@0s7 cells were transfected with expression plasmids encoding
twice in cold PBS, and lysed in 25 mM glycylglycine, pH 7.8, stat6 and p300. One day after transfection, the cells were
1 mM dithiothreitol (DTT), 15 mM MgSQ 4 mM EGTA and  treated with 10 ng/ml IL-4 for 1 h prior to harvesting. Whole
1% Triton for 10 min at 4C. Samples were centrifuged for 5 min ce|| extracts were prepared and immunoprecipitation was carried
at 14 000 r.p.m. Cleared supernatant were used for luciferaggt with p300-specific monoclonal antibodies (Upstate Biotech-
andp-galactosidase assays. fbgalactosidase determination, nology, Lake Placid, NY) or with antibodies against GAL4-
20 pl of extract were added to 20dl of reaction buffer con-  DBD as a control (Santa Cruz biotechnology, Santa Cruz, CA).
taining 100 mM Na-phosphate, pH 8.0, 1 mM Mg@hd X  The immunoprecipitates were separated by SDS—PAGE and
Galacton (Tropix, Bredford, MA) and incubated for 30 min atthe western blots were analyzed using Stat6-specific antibodies
room temperature. Measurements were made by injectingsanta Cruz biotechnology, Santa Cruz, CA). The murine pre-
300ul of accelerator solution (10% Emerald luminescentB-cell line Ba/F3 was cultured in RRMI medium containing
amplifier and 0.2 N NaOH) and the samples were counted fa1% Wehi supernatant, 10% FCS, 2 mMglutamine and

20 s in the luminometer 953 (Berthold, Pforzheim, Germany)penicillin—streptomycin (10 U/ml and 18g/ml, respectively).
Luciferase activities (10Qul extracts and 30Qul accelerator Before induction, Ba/F3 cells were starved in medium with 3%
solution) were quantified in the same apparatus and normalized torse serum for 3 h in the absence of Wehi supernatant and
the-galactosidase activities. All experiments were repeated ahen stimulated with 100 U/ml of mIL-4 for 15 min prior to
least three times. Typical results and the average of threearvesting. Whole cell extracts were prepared and immuno-
independent experiments with standard deviation are showprecipitation was carried out with Stat6-specific monoclonal
The relative luciferase activities are given as arbitrary units. antibodies (Transduction Laboratories, Lexington, KY) or
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with antibodies against GAL4-DBD as a control (Santa Cruz A c
biotechnology, Santa Cruz, CA). The immunoprecipitates g VUSTATREBLUC — ~ B-CASLUC 3p-HSD type 2 LLC
were separated by SDS-PAGE and the western blots were

analyzed using CBP-specific antibodies (Santa Cruz biotech-
nology, Santa Cruz, CA).

30

20

RESULTS
P300/CBP enhance the activation of transcription by Stat6

Relative Luciferase Activity

P300 is a protein with intrinsic histone acetyltransferase activity 0
and has been found to be a crucial contributor to activation by 500 :L‘; ‘l o1
diverse classes of exogenously regulated transcription factors”
In order to investigate whether the p300 coactivator is also
involved in the transcriptional regulation exerted by Stat6, 293 D
cells were transfected with an expression vector for Staté and ¢
luciferase reporter construct containing three copies of the
Stat6 response element from the Ig heavy-chajpromoter
linked to the TK promoter N4(STAT-RE)3LUC. IL-4 treatment
of the cells caused a 4-fold stimulation of the reporter gene
(Fig. 1A, lanes 1 and 2). Cotransfection of p300 expression
vector further increased the IL-4-dependent transactivation up
to 17-fold (lanes 3 and 4), whereas p300 had no significant
effect on the basal activity of the Stat6 responsive promoter.
To investigate whether p300-mediated coactivation is L |
dependent on a particular Stat6 responsive promoter, we have p300 (ug) | O
further analyzed the effect of p300 on the IL-4 induction of
four qm‘erent cytokine-inducible promoter constructs. The Figure 1. IL-4-induced transcriptional activation by Stat6 is enhanced by
casein gene promoter, th@-BISD type 2 gene promoter, the p300. The luciferase reporter gene constructs containing edd4(STAT-RE)3,
cytokine-inducible SH2-containing protein (CIS) gene pro-(B) thep-casein, €) 33-HSD type 2, D) the cytokine inducible sequence or
moter and the oncostatin M (OSM) gene promoter were used ifF) OSM gene promoter (ig) were transfected in 293 cells with plasmids

: : - : e expressing hStat6 (ig) and IL-4Rx (1 ug) and expression vectors encoding p300
transfection assays. TPﬁi—:*casem gene was orlglnally identified 3 ug), when indicated. Transfected cells were either untreated (filled bars) or

as a prolactin-inducible Stat5 _responsive gene, but it Wa§eated for 12 h with h-IL-4 (10 ng/ml) (striped bars). All experiments were
subsequently shown to be also induced by IL-4 via Stat6 (6)}epeated at least three times. Typical results are shown.

The PB-HSD type 2 promoter also contains Staté responsive

elements (S.Gingras and J.Simard, manuscript in preparation),nscrintion, we studied whether E1A was able to repress the

The CIS and OSM were previously identified as irTmmdiat(.atranscriptional induction by activated Stat6. For these experiments,

early cytokine-responsive genes, which contain Stats responsiye ,qjent transfection assays were carried out in COS7 cells to
elements in their promoter sequences (53,54), but can also

. : . foid any effects from endogenous E1A present in adenovirus
ggmﬁﬁg dbynSet::F (Sﬁzcbgﬁucasr?'nl'll_lfz'f?{gg?rﬁeor?tsnvvﬁevyssstransformed 293 cells. COS7 cells transfected with an expression
y P ' vector for Staté and the N4(STAT-RE)3 luciferase reporter

g??ﬁ(gﬁiggiﬁfrgig?tgﬂréler: eesgigcgg-ifgled Iz_;lgmldg)c e.l(.jrécgw%mstruct were treated with IL-4. Cotransfection of increasing
HSD type 2 luciferase gene construct was stimulated S-fOI%g}soelfgtesng (?enn'?)iﬁﬁlfiiilgrr: \(/)?C:ﬁ; fc(i)rbSEeereﬁZISL_rzsiur:geudct:r(]) na

E
CisLuc OSM LUC

Relative Luciferase Activity

upon IL-4 treatment, coexpression of p300 further enhancey™. - . :
the IL-4 induced activity up to 11-fold (Fig. 1C). Interestingly, (F19- 2A). The basal activity of the Stat6 responsive reporter in

although no effect of IL-4 was observed on the CIS-luciferasé/ntreated cells was not inhibited by E1A (Fig. 2A, lanes 3 and
and OSM-luciferase reporter constructs in 293 cells, co®). indicating that E1A specifically inhibits Stat6-mediated
transfection of p300 enhanced the activity in an IL-4-transcriptionalinduction.
dependent manner (Fig. 1D and E). The fact that p300 induced To determine whether the inhibitory effect of E1A was due to
the basal activities of these promoters suggests that ubiquitoggmpetition for limited amounts of p300/CBP, we characterized
transcription factors, which bind to these promoters and arthe domains of E1A 12S involved in the suppression of Stat6-
responsible for the constitutive expression, are also able to coirduced transcription. The deletion mut&@R1 of E1A lacks
tact p300/CBP. In summary, these results indicate that p300 adise p300 and the Rb binding functions, whereas the mutant
as a cofactor in the Stat6-mediated transcriptional activation. ACR2 lacks the Rb binding function, but retains its p300 binding
N , L function. In addition, more specific mutants of the CR1
E1A inhibits IL-4-induced transactivation by Stat6 domain were analyzed: the E1A-mut CBP is unable to bind
The adenovirus E1A protein has been shown to inhibit thg300, but is still able to bind Rb; the E1A-mut Rb is not
induction of transcription, which is dependent on its ability toaffected in its ability to interact with p300/CBP, but is unable
bind and sequester p300/CBP (20,55). To further demonstrate bind Rb (25). The structures of these molecules are schemati-
the involvement of p300/CBP in Stat6-mediated induction ofcally shown in Figure 2B. The expression of th€ R1 mutant
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mut RB D.M:@:] 2, N Figure 3. E1A suppresses the induction of transcription by Stat6é C-terminus.
1234567891011121314 The reporter plasmid (GAL4)3TK-luciferase (Qug) was transfected in COS-
L i Sl il il i bl Kl 7 cells with plasmids expressing the transactivation domain of hStat6é (amino
T | Vect| EtA pORMACRR) mut | mut acids 642-847) fused to the GAL4 DBD (OuJg) or a plasmid encoding the

GAL4 DBD alone. The expression vector encoding E1A or E1A mutants
(0.1pg) were cotransfected as indicated. All experiments were repeated at
least three times.

B-CAS LUC

IL-4-induced luciferase activity (lanes 13 and 14). This indi-
cates that the repression by different E1A proteins correlates
with their ability to bind to p300/CBP. These results were sup-
ported by cotransfection experiments in HelLa cells, where the
effects of E1A and mutants thereof were analyzed on IL-4-
responsive promoters: thgcasein and the BHSD type 2
reporter genes (Fig. 2D and E).

@

Relative Luciferase Activity
»

The transactivation activity of the C-terminus of Stat6 is
repressed by E1A

Figure 2. E1A suppresses IL-4-induced transactivation by Sta4§.¢0S7  The TAD of Staté (amino acids 642—847) is autonomously
cells were transfected with an expression vector encoding hStatfg2?and  active when fused to the heterologous GAL4-DBD (6). To

a luciferase reporter gene (&) containing three GAS elements with a 4 bp ; ; _ ; ; ; _
spacing in front of the thymidine kinase promoter [N4(STAT-RE)3 LUC]. The determine if the C-terminal domain of Stat6 mediates trans

indicated amount of expression plasmid encoding E1A was cotransfected gliptional aCtiV"_ition by interacting with p3_OQ/CBP, we analyzed
indicated. B) The schematic structures of E1A and the E1A mutap®R1,  Whether E1A is able to repress the activity of a GAL4-Stat6
ACR2, mut CBP and mut RB) used in this study are sho).GOS7 cells  fusion protein as it represses the full-length Stat6. Expression
were transfected with expression vectors encoding hStat6p@)fand the vectors for GAL4-Staté (amino acids 642-847) and the
N4(STAT-RE)3 luciferase reporter (2g). The expression vector encoding GAL4)3TK-Iucif ¢ ¢ fected into Hel
ELA or E1A mutants were cotransfected as indicat@). HeLa cells were  ( )3TK-luciferase reporter were transfected into Hela
transfected with expression vectors encoding hStaté(@)5IL-4Ra (0.5pug)  cells. GAL4-Stat6 (amino acids 642—847) increased the activity
and thef-casein luciferase reporter (O.). The expression vector encoding of the reporter construct and this activation was dependent

E1A or E1A mutants were cotransfected as indicated. In each panel, the transs _ i ; ;
fected cells were either untreated or treated for 16 h with h-IL-4 (10 ng/ml) napon the Stat6 C-terminal domain (Flg' 3 compare lanes 1 and

a ) ) : ;
indicated. E) The experiment was performed as in (D) except that f#&SD %) Cotransfection of expression vector encoding wild-type
type 2 luciferase reporter was used. All experiments were repeated at leastLA inhibited transcriptional activation by GAL4-Stat6. The

three times. Typical results and the average of three independent experimer@R1 domain, but not the CR2 domain, of E1A was necessary

with standard deviation are shown. for this inhibition (lanes 7 and 8). These results demonstrate
that E1A specifically represses the transcriptional activation

did not interfere with Stat6-induced transcription (Fig. 2C,function of the Stat6 TAD independently of the DBD.

lanes 7 and 8), while thaCR2 mutant inhibited IL-4-induced . . o )

transcription (lanes 9 and 10) to a similar extent as wild typé:’EBOOICBP interacts with the transactivation domain of Stat6

E1A (lanes 5 and 6). The E1A-mut CBP did not affect IL-4 induc-Since p300/CBP act as Stat6 coactivators, we investigated the

ibility of the reporter construct (lanes 11 and 12), whereas theotential interaction of these proteins in a mammalian two-

E1A-mut Rb was as effective as wild type E1A in repressinchybrid assay. The GAL4-Stat6 (amino acids 642—-847) fusion
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construct was transfected with the (GAL4)3TK-luciferase

reporter in HelLa cells. GAL4-Stat6 (amino acids 642-847) C ®
activated the transcriptional activity of the reporter construct [ STAT6 ) ™
(Fig. 4, lane 5), the addition of increasing amounts of a p300- GAL4

VP16 expression vector, encoding p300 fused to the TAD of [ sxeaane | mk(-10st0 452 |Luc
VP16 significantly enhanced the activity of the reporter gene 600 1

(Fig. 4, lanes 6 and 7). Transfection of p300-VP16 in the presence
of a control expression vector, encoding only the GAL4-DBD
had no effect on the reporter construct activity (Fig. 4, lanes 2
and 3). In order to determine if the C-terminal TAD of Stat6
was responsible for the interaction with p300/CBP, smaller
fragments of Staté C-terminus were fused to the GAL4-DBD.
The deletion-mutants of the TAD tested were able to transactivate
the GAL4 reporter plasmid when transfected into HelLa cells
and they were still able to interact with p300/CBP (Fig. 4,
lanes 8-16). These results indicate that the TAD of Stat6 interacts
with p300 and that the transactivation function of the Stat6 C-

500

400 A

300

200 1

Relative Luciferase Activity

100 1

terminus correlates with its ability to interact with p300/CBP. O T T 5 677 8 9 10 11 12 1314 1516
1 1 ini i i i GAL4 GAL4 GAL4 GAL4 GAL4

Stat6 transactivation domain interacts with amino acids Ss | s | s | sears |
1850-2176 of CBP 642:847 | 677847 | 705847 | 677-791
p300 VP16 (ug) |-1-153|-153[-153[-153|- 153

Our experiments so far indicate that p300/CBP act as coactivators
in the transactivation process mediated by Staté and directly
interact with the TAD of Stat6. To delineate the domain OfFigure 4. p300 interacts with the transactivation domain of Stat6 in the
CBP required for the interaction with Stat6, several fusion proteiniammalian two-hybrid assay. The reporter plasmid (GAL4)3TK-luciferase
were constructed and analyzed in the mammalian '[Wo-hybri(:?.5ug)\_/vas_ transfect'ed inHelLa ceIIs_With p_Iasmids expressing the C-terminal
assay. Different domains of CBP were fused to the GAL4-“?;‘S§;ti‘)’iﬂzggct’g“$2 ((’;:szaéGB(gn(“&”‘; Z‘f‘gs ?:32;%42}1?5;;184;@7%5;327 or
DBD and distinct port'Q”S (_)f S_tatG were fused to t_he poten BD alone or in combination with incregasing a?nounts of the exgression vector
TAD of VP16 (schematized in Fig. 5A and B, respectively). AS encoding p300 fused to the VP16 transactivation domain as indicated. Al
previously reported, GAL4-CBP1-452 and GAL4-CBP452—72experiments were repeated at least three times.

have transcription activity (28,56), but their transcriptional

activity was not modulated by any of the Stat6-VP16 fusion

proteins (Fig. 5C). Importantly, the Stat6-642-847-VP16is independent of the activation state of Stat6, since IL-4-
fusion protein stimulated specifically the reporter activity activated as well as the latent form of Staté can be immuno-
when cotransfected with GAL-CBP-1678-2441, but not wherprecipitated. When control antibodies with specificity for the
GAL4-DBD alone or GAL4-DBD fused to other CBP N-terminal GAL4-DBD were used in the immunoprecipitation reaction,
regions were cotransfected. Furthermore, other regions @ Stat6 was detected. To investigate further whether endogenous
Stat6 fused to the VP16-TAD or the VP16-TAD alone failed tocgp and Stat6 interact, we performed additional coimmuno-
interact with any GAL4-CBP constructs. To further narrow they e cipitation experiments using extracts from the murine pre-
Stat6 interaction domain of CBP, other GAL4-CBP fusion proteings_cq| line Ba/F3. We used this cell line because it expresses

were analyzed in transfection experiments. Neither GAL4high amounts of Staté and IL-4 receptor chains and several

CBP1460-1891 nor GAL4-CBP1891-2441 interacts with Stat6étudies on IL-4-dependent gene regulation were performed in

TAD suggesting that the Stat6 interaction domain of CBI:)t is cell line. Whole cell extracts from IL-4-induced Ba/F3

spanned amino acid 1891. In fact, the smallest segment . o . i o S
CBP, which was still able to interact with Stat6-TAD. is amino%ells were immunoprecipitated with Stat6-specific antibodies

acids 1850-2176. Further deletion at the N-terminus, frongF'g' 6B, Ian_e_3) or with unrelated antibodies (Ian_e 1)._The
1850 to 1891, or at the C-terminus, from 2176 to 2039, abolisheﬁnmunopreC|p|tates were analyzed by western blotting with an

the interaction with the Stat6-TAD antiserum specific for the N-terminus of CBP. These anti-
' bodies recognized several protein species in Ba/F3 cell extract
Stat6 interacts with p300/CBPin vivo which presumably correspond to full-length CBP as well as

To confirm the direct interaction between Stat6 and p300/CBFProteolytic degradation products of CBP (lane 1). Stat6-specific
COS7 cells were transfected with expression vectors encodirfgftiPodies (lane 2) but not unrelated antibodies against the
Stat6 and p300 and coimmunoprecipitation experiments wergAL4-DBD (lane 2) coprecipitated only full-length CBP.
performed. Transfected cells were either treated with |L-4These results further conﬁrr_n the presence of specific complexes
(Fig. 6A, lanes 1-4) or were untreated (lanes 5-8). Whole cefff pP300/CBP and Stath vivo and suggest that endogenous
extracts were prepared and proteins were immunoprecipitatédB00/CBP and Stat6 interact in Ba/F3 cells.

with p300-specific antibodies (Fig. 6A, lanes 2 and 6) or with

an unrelated antibody (lanes 4 and 8). The immunoprecipitat%ISCUSSION

were analyzed by western blotting with an antiserum specific

for Stat6. Figure 6A shows that p300-specific antibodiesThe aim of this study was to determine whether p300/CBP is
coimmunoprecipitate a small amount of Stat6. This interactiomritical for Stat6-induced transcription. Our data show that
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Figure 5. Stat6 transactivation domain interacts with the C-terminus of CBP in the mammalian two-hybrid A3$&tyu€ture of the Stat6-VP16 fusion proteins.
Different regions of Stat6 were fused with an NLS from SV40 large T antigen (amino acids 126—-132) at the N-terminus and with the TAD of herpes ssnplex vir
protein VP16 (amino acids 411-489) at the C-terminB3.Structure of GAL4-CBP fusion proteins. The yeast GAL4 DBD (amino acieEAY) was fused to

different regions of CBP. The different domains of CBP, such as cysteine/histidine (C/H) domains, the bromo domain and the glutamine (Q)-riahedomain
indicated. C) The reporter plasmid (GAL4)3TK-luciferase (0.R8) was transfected in COS7 cells with 0.2§ of plasmids expressing GAL4-mCBP fusion

protein and with 0.2fug of expression vectors encoding Stat6-VP16 fusion protein as indicated. All experiments were repeated at least three times. The averag
of three independent experiments with standard deviation are shown.

overexpression of p300/CBP increases IL-4-induced, Stat@=BP in Stat6 transactivation is emphasized by the fact that the
mediated transcription. We have shown that IL-4 induction ofadenovirus protein E1A repression of Stat6-mediated transcrip-
transcription mediated by Stat6 is repressed by E1A. Oution is dependent on its ability to bind to p300/CBP. In fact,
results also demonstrate that ELA was able to inhibit the trangnutants of E1A, unable to interact with p300/CBP, were also
criptional activity induced by the Stat6 TAD fused to a GAL4- unable to inhibit Stat6-mediated transcription.

DBD. Thus the inhibitory effect of E1A on Stat6-mediated The functional interaction between Stat6 and p300/CBP was
transcription is specifically due to its ability to interfere with shown by two approaches: a mammalian two-hybrid assay and
the transactivation function of Stat6. The involvement of p300coimmunoprecipitation. First, the transcription activity of
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A IL-4 treated untreated not conclude whether the binding _of Stat6 or SRC family members
1 | to p300/CBP_ would be exclusive or cooperatlve._SIatG and
3 ; p300/CBP might be part of a larger complex containing more
proteins and we cannot exclude that other proteins might be
involved in the interaction of Stat6 with basal transcription
apparatus. Such a complex has already been described for the
- = nuclear receptors and their coactivator SRC-1, which bind to
34 56 7 8 each other and to p300/CBP simultaneously (40,41,57). Moreover,
it should be noted that injection of an antibody against p/CIP
WB: a-Staté entirely inhibited Stat-1-dependent transcriptional activation
events (40), indicating that other proteins are closely asso-
ciated with p300/CBP and such proteins also play an essential
role in p300/CBP associated functions.

The results obtained from the mammalian two-hybrid assay
are in agreement with the outcome of the coimmunoprecip-
itation assay. The mammalian two-hybrid assays demonstrate
that the interaction between Staté and CBP occurs even in the
absence of IL-4 treatment and, in accordance with that, coimmuno-
precipitation of full-length Stat6é with p300 is also observed in
the absence of IL-4. However, we do not believe that the inter-
action between Stat6 and CBP observed in the absence of IL-4
is relevant for transcriptional regulation by Stat6, because the
phosphorylation of Stat6 is a prerequisite for its nuclear trans-
location and DNA-binding activity (1) while CBP in contrastis
a nuclear protein (16). In addition, it is possible that the inter-
action of Stat6 with p300/CBPer seis not sufficient to cause
transcriptional coactivation. This would be similar to the inter-
Figure 6. Stat6 coimmunoprecipitates with p300/CBR) (COS7 cells were action described for Sap-la, which can mtera.Ct with CBP inan
transfected with expression vectors encoding p300 and Stat6. Cells wekIPhosphorylated form, but the phosphorylation of Sap-1a was
treated for 1 h with 10 ng/ml hiL-4 or left untreated as indicated, and wholenecessary for coactivation by CBP. The authors suggested that
cell extracts were prepared. One-tenth of each extract was loaded directly onthe TAD of CBP are masked and phosphorylation of Sap-1a

an SDS—polyacrylamide gel (lanes 1, 3, 5 and 7). The rest was immunoprecipitat%md induce a conformational change in CBP that allowed
with p300-specific antibodies (lanes 2 and 6), or with unrelated antibodies (lanes 4

and 8). All samples were analyzed by western blotting with an antiserunflCCESS to these domalnsl (28) . .
against the C-terminus of Stat®)(Ba/F3 cells were stimulated with 100 U/ml P300/CBP possesses intrinsic histone acetyltransferase activ-
of miL-4 for 15 min prior to preparing whole cell extracts. One-twentieth of the ity and acetylation of the histones is associated with chromatin
ex‘lrzm oy loaded as an input control directly onto the-idacrylamide _ decondensation. Histone acetyltransferase enzymes are also
gel (lane 1). The rest was immunoprecipitated with Stat6-specific antibodie :
(lane 3), or with unrelated antibodies (lane 2). All samples were analyzed b%apable of aCEtyla.ltmg component;_ of the ge”er.a' RNA
western blotting with an antiserum against the N-terminus of CBP. Qlymerase [ machinery (58). In add|t|qn,.p300/CB_P Interacts
with components of the basal transcription machinery, sug-
gesting that recruitment of the transcription machinery and

Stat6-TAD fused to GAL4-DBD was increased by cotransPost-transcriptional modification of certain components, as
fection of p300-VP16 using the two-hybrid assay. In the recip_WeII as chromatin remodeling, may contribute to the molecular
rocal assay, we have demonstrated that the S.tat6 TAD w nction of the coactivators. In this report, the effect of p300/
' - . : , . CBP on Stat6-mediated induction of transcription in transient
gegﬁzsr?rya?:%:gg%gniggg tgi;gt%fggg \;V';Zéhfodg?fﬂransfection is probably due to increased recruitment of the
panning ! ! < u . "transcription machinery, while histone acetyltransferase is
DBD. Consequently, the C-terminus of Stat6 has transactlvatloanlikely to play an important role
activity that correlates with the ability to make contact with .

: > . ; . ; In conclusion, our results demonstrate that p300/CBP are
p300/CBP. The identified region of CBP interacting with Stat6y, 5 fige coactivators for Stat6, and that the ability of p300/
is different from the regions previously described for the binding-gp to form multi-protein complexes may provide a key to

of Statl, Stat2 or Stat5 (40,44,45). Although the differentjgnga| integration. Different transcription factors activated by

STAT proteins belong to the same family due to the similargiyerse signaling pathways may interfere with one another by
structure and mode of action, each member of the STAT proteifompeting for limiting common cofactors. The results pre-

family makes contact with p300/CBP in a unique fashion. Thissented here suggest that IL-4 signaling may interfere with
is in contrast to members of the nuclear receptor family whichther signaling pathways or conversely that IL-4 responses

all interact with the same domain of p300/CBP. Interestinglycould be inhibited by costimulation with other signals.
the domain of CBP, which interacts with Stat6 has already

been reported to be the region of interaction with three protein

of the family of the steroid receptor coactivators (SRC),iCKNOWLEDGE'\/'ENTS
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