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GATGAT A3 does not suppress IL-12Rj?2 promoter 

ABSTRACT T 

Interleukin-122 (IL-12) promotes IFNy production and Thl development in activated naive Th 

cells.. The high affinity IL-12 receptor (IL-12R) consists of two subunits, the 131 and 32 chains. 

Althoughh both subunits are required for IL-12 binding, mainly the 82 chain is essential for signal 

transduction.. Therefore, the lL-4-induced suppression of this IL-12R subunit in developing Th2 

cellss renders these cells IL-12 unresponsive. Experiments with ectopically expressed GATA 3 in 

mousee T cells suggest a role for this Th2-specific transcription factor in the suppression of IL -

12RB22 expression. Inspection of the D NA sequence of the 1.2 kb proximal promoter region of 

thee human IL-12Rj?2 gene revealed the presence of four GATA consensus sites. In the present 

study,, we investigated the functional role of these elements in the transcriptional regulation of the 

IT-12Rfi2IT-12Rfi2 gene. To this aim, promoter activity was analyzed in Jurkat cells transfected with 

luciferasee reporter gene constructs driven by the human 1.2 kb proximal promoter region with 

wil dd type or mutated GATA sites. To ensure ample GATA 3 expression, cells were co-transfected 

withh the human GATA 3 cDNA, driven by a constitutive promoter. We found no evidence for a 

directt effect of GATA 3 on the activity of the 1L-12RB2 promoter through any of the four GATA 

sites.. Similarly, the ectopic expression of GATA 3 had no effect on the low, but readily detectable 

intrinsicc IL-12RB2 mRNA expression in Jurkat cells, as determined by real-time PCR. Taken 

together,, this data suggests that in human Th cells, GATA 3 has no direct effect on the 

transcriptionall  control of the IL-12RJZ2 gene. 

INTRODUCTION N 

Interleukinn 12 (IL-12) is a potent inducer of IFNy production by T cells and N K cells and is 

importantt for the development of Thl cells. A functional high-affinity receptor for IL-12 (IL -

12R)) consists of two subunits, the IL-12RB1 and IL-12RB2 chains, of which only the latter 

containss tyrosine residues in its cytoplasmic domain, necessary for signaling via STAT4 . T cell 

receptorr (TCR) stimulation of naive T cells induces expression of the IL-12RB1 chain and some 

expressionn of the IL-12RI52 chain, resulting in the assembly of low numbers of high affinity IL -

12RR 2. In the presence of IL-12, this low level of IL-12R expression is sufficient for IL-12 to bind 

andd to strongly accelerate IL-12RJ32 expression, thus increasing IL-12-responsiveness and 

allowingg for Thl cell development 2. In contrast, in the presence of IL-4, initial TCR-induced 

expressionn of the IL-12RB2 chain is rapidly suppressed, rendering the cells IL-12-unresponsive 

andd resulting in the development of Th2 cells ~". 
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Mousee studies suggest that the Th2-specific transcription factor GATA3, which is induced by IL -

44 via STAT6 and further augmented by auto-induction \ is involved in suppression of the IL-

12RJÏ212RJÏ2 gene ' ' . GATA 3 mRNA is present in resting naive Th cells and is increased in 

differentiatingg Th2 cells, but suppressed in T hl cells *. Ouvang et a/. " have shown that ectopic 

expressionn of GATA 3 in developing Thl cells inhibited IL-12RB2 mRNA expression. Also in T 

cellss of STAT6 mice, it was shown that forced expression of GATA 3 nearlv completely 

repressedd IL-12RB2 mRNA expression (\ arguing against a critical role of STAT6 in IL-12RB2 

expression.. These data strongly suggest that GATA 3 is actively involved in the suppression of 

/L- 1'' 2Rp2 gene-expression in Th2 cells. In line with these findings we have previously shown in 

thee human system that IL-12RB2 expression and 1L-12 signaling in established Th2 cells can be 

restoredd by TCR triggering in the presence IL-12 and that this reversal of lL-12-unresponsiveness 

iss accompanied bv the loss of GATA 3 expression ', 

Littl ee is known about the molecular mechanisms underlying the effects of GATA 3 on gene 

expression.. Zheng and Flavell * reported that binding sites for GATA 3 are present in the 

promoterr regions of various mouse Th2 cytokine genes and that GATA 3 can augment the 

expressionn IL- 4 and 1L-10. In addition, it was shown that GATA 3 can directly transactivate the 

IL- 55 promoter ". 

Here,, we set out to investigate whether GAT A3 has a direct role in the regulation of transcription 

off  the human IL-12Rfs2 gene acting as a transcription factor in the promoter region. So far, littl e 

iss known about the (differential) transcriptional control of the human IL-12R/2 gene in Thl 

andd Th2 cells. We have recently shown that transcription factors like NFATc2, SP1 and SP3 play 

aa role in the regulation of the proximal promoter " , but apparently these factors are not involved 

inn the differential expression of the 1L-12Rf2 gene in Thl and Th2 cells. By sequence analysis, 

wee observed the presence of four potential binding elements for GATA factors in the proximal 

1.22 kb promoter region of the IL-1' 2RJÈ2 gene. 

Too investigate the functional role of these four GATA elements, IL-12RB2-expressing Jurkat 

cellss were transfected with luciferase reporter constructs under the control of the proximal 1.2 

kbb region of the human IL-12RB2 promoter in which the GATA elements were cither or not 

mutatedd by site-directed mutagenesis. To ensure ample expression of GATA 3 protein, cells were 

co-transfectedd with a GATA3-expression vector. Using this approach we found no evidence for a 

directt effect of GATA 3 on the transcriptional level, through either of these sites. In line with this 

observationn ectopic G A T A 3 expression had no effect on the intrinsic expression of IL-12RTJ2 

m R NAA in Jurkat cells. 
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MATERIAL SS & M E T H O DS 

Plasmids:Plasmids: reporter-gene constructs, pBGFP and GATA3 xpcDXA3 myc 

Thee 1.2 kb 5' flanking region of the human IL-12Kfs'2 gene (GenBank AF349574) was amplified 

byy PCR using genomic clone PAC104 (obtained as described; " as a template. For cloning 

purposes,, the 5' sense primer (5 ' -GCG CGA G CT CCG GTA TCA CTT G GT G TG AA A 

ATT-3')) was designed with an additional Sad restriction site (underlined) and the 3' anti-sense 

primerr (5'-GCG CGT T GA CAG CCA TCA G GG AA C T-3') with a natural Hindi site 

(underlined),, resulting in a PCR product spanning -1191 through +54, relative to the start of the 

reportedd cDNA sequence \ This PCR fragment was subcloned, as described before " , into Sad-

andd Jwtfl-digested pGL3-enhancer (pGL3e) vector (Promega, Leiden, The Netherlands). The 

productt was checked by sequencing. Plasmid D NA was prepared from bacterial cultures using 

Qiagenn Plasmid Midi Kit s (Hilden, Germany). 

Sitee directed mutagenesis of the IL-12RB2 -1191/+54 promoter construct was carried out using 

thee Altered Sites II in vitro Mutagenesis System from Promega. Al l reactions were carried out 

accordingg to the manufacturers' instructions. The internal forward primers, introducing the 

mutatedd GATA sites were (core-binding elements underlined and substitutions relative to the 

wil dd type indicated in italics and bold): -628G1 5'-AAA AA A AA A TTC A GT A C T T A A T A T 

ACAA T A T G TT T-3', -890G2 5'-AAT TA T TCA T GT A C T T A A AT T ACT AA A GCA T GT 

AA AA CT-3', -1033G3 5'-TTG G GG T TT TTT T GT AA A C TT AA A GAA AA T GAC TCA 

CT-3'' and -1110G4 5' TTC AA A AA G ATC TA T TACJTTA ACA T GT ACT G AG AGC C-3', 

inn which the primer designations refer to the GATA sites Gl to G4 at the indicated positions in 

thee promoter. Products from this procedure were cloned into Sad- and Smal -digested pGL3e. 

Al ll  constructs were sequenced to confirm the introduction of the desired mutation. To analyze 

transfectionn efficiency, the GFP-expressing plasmid p E G FP (Becton Dickinson Biosciences 

Benelux,, Woerden, The Netherlands) was used. Full length GATA 3 cDNA, kindly provided by 

Dr.. L. Rogge (Roche Ricerche, Milan, Italy), was subcloned into pcDNA3.1/Myc-His(+) 

(Invitrogen,, Leek, The Netherlands) and further referred to in the text as GATA 3 x p c D N A3 

myc.. Upon expression, the obtained GATA 3 protein contains a mvc-His tag for detection 

purposes.. For cloning purposes, the 5'sense primer (5'-GCG CGA AT T CCC ACC AT G G A G 

G TGG ACG G CG GAC-3') was designed with an additional HcoKl restriction site (underlined) 

andd a Kozak sequence and the 3'anti-sense primer (5'-GCG CTC T A G AA C CCA T GG C GG 

T GAA CCA T GC T- 3') with an Xbal (underlined) restriction site. The cloned product was 

checkedd by sequencing. 
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CellCell culture and transient transfection 

Jurkatt cells were grown in complete medium (Iscove's modified Dulbecco's medium, Bio-

W'hittaker,, Walkersville, MD) supplemented with 5% pooled, C-inactivated fetal clone serum 

(Bio-Whittaker)) and gentamycin (80 (J,g/ml; Duchefa, Haarlem, The Netherlands). Transfection 

off  Jurkat cells with promoter-luciferase constructs, p E G FP or GATA 3 x pcDNA3 myc was 

performedd as described before " . In short, Jurkat cells (5 x 106) were electroporated in 1 ml of 

cytomix,, in the presence of 20 |J.g of the respective plasmid D NA at 310 V and 900 | iF, using a 

GenePulserr (BioRad Laboratories, Hercules, CA). To monitor transfection efficiency, 250 ng of 

pRL-CMYY (Promega) was added to each sample. Immediately after transfection, 8.5 ml of 

completee medium was added and cells were seeded in 2 wells of a 6-well culture plate (Costar, 

Cambridge,, MA) . After one day of culture, cells were either or not stimulated with PA1A (10 

ng /ml)) and ionomycin (1 (J.g/ml; both from Sigma-Aldrich Co, Zwijndrecht, The Netherlands) 

forr 16 hours and harvested. Using the Dual Luciferase reporter gene assay (Promega), cell lysates 

weree prepared and both Fireflv luciferase and Renilla luciferase activities were measured by a dual 

luminometerr (Promega). Transfections were performed in duplicate and the results of at least 

threee independent experiments were calculated as mean luciferase activity  S.D. Data were 

analyzedd for statistical significance (GraphPad, InStat, version 2.02) using ANOV A followed bv 

Dunnet t 'ss multiple comparisons test. Ap value <0.05 was taken as the level of significance. 

DetectionDetection of GAT A3 protein expression by immunocytochemistry 

O nee day after transfection, cells were stimulated with PMA (10 ng/ml) and ionomycin (1 Hg/ml) 

forr 16 hours. Hereafter, cytospins were made (Cytospin 2, Shandon, Pittsburgh, PA) by spinning 

att 300 x ^ for 5 min. Cells were fixed with acetone (-20"C) for 10 min and, after blocking with 1% 

FCSS in PBS, incubated with mouse anti-human GATA 3 (1 H-g/ml, HG3-31, Santa Cruz 

Biotechnology,, Santa Cruz, CA), mouse anti-myc (1 f ig/ml ; Invitrogen) or no antibody for 45 

minn at RT. Cytospins were washed in PBS containing 1% FCS and incubated with FITC-

conjugatedd goat anti-mouse IgG FITC (1 j ig/ml , Jackson Immuno Research Laboratories, Inc., 

Westt Grove, PA) for 45 min at RT. Nuclei were stained with Hoechst 33342 (Sigma-Aldrich Co). 

Slidess were analyzed with a fluorescence microscope (Leica, Wetzlar, Germany) coupled to a 

C CDD camera and Image-Pro Plus software (Media Cybernetics, Dutch Vision Components, 

Breda,, The Netherlands) to determine the percentage of GATA 3 expressing cells. 
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EfficiencyEfficiency of transfection, analysed by GFP expression 

Onee day after transfection with 20 tig of p E G FP or control vector, cells were stimulated with 

PMAA (10 ng/ml) and ionomycin (1 JAg/ml) for 16 hours after which transfection efficiency was 

analyzedd by detecting G FP protein expression with a FACScan flow cytometer (Becton 

Dickinsonn Biosciences Benelux) and determining the percentage of positive cells in the FL1 

channel. . 

Real-timeReal-time quantitative reverse transcriptase (RT)-PCR analysis 

Forr quantitative analysis of endogenous IL-12RB2 mRNA expression, transfected Jurkat cells 

weree either or not stimulated with PMA/ ionomycin as described above, and lvsed for total RNA 

extractionn using a Nucleo Spin RNA isolation Ki t (Macherey-Nagel, Duren, Germany). First-

strandd c D NA was synthesized from total RNA using a cDNA-synthesis kit (MBI-Fermentas, St. 

Leon-Rot,, Germany). Real-time quantitative RT-PCR was performed in a Light-Cycler (Roche 

Diagnostics,, Almere, The Netherlands) based on specific primers and general fluorescence 

detectionn with FastStart D NA Master SYBR Green I (Roche). B2-microglobulin (B2m) was used 

ass a control. The primer sequences for IL-12RB2 (Tm 60"C) and B2m (Tm 62"C) were described 

beforee u. 

RESULTS S 

IdentificationIdentification and mutagenesis of four GAT A sites in the IL-J2R/2 promoter region 

Thee sequence of the 1.2 kb 5' flanking region of the human IL-12R/Ï2 gene was searched for 

potentiall  binding sites for the GATA family of transcription factors (Fig. 1A). The GATA 

consensuss recognition site is WGATA R with the core sequence underlined '2, in which W stands 

forr either an A or a T and R for either an A or a G. This inspection revealed four putative GATA 

bindingg sites, all with the sequence AGATAA . These sites were centered at -628, -890, -1033 and 

-11100 relative to the start of exon 1 and designated Gl through G4, as indicated in the schematic 

representationn of the IL-12RB2 promoter fragment (Fig, IB). 

Too test whether these GATA sites are involved in the transcriptional regulation of the IL-12R/?2 

gene,, the GATA motifs were mutated (AGATA A —» A C 7 T A A ; core-binding element 

underlinedd and substitutions indicated in italics and bold) and the effect of each mutation on 

promoterr activity- was determined in PMA/ionomycin-st imulated transfected Jurkat cells. None 

off  the GATA site mutations resulted in a significant change of promoter activity as compared to 

thee wild type fragment (Fig. 2). 
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-11911 gtatcacttg gtgtgaaaat taccttgaag 

-11100 G4 
-11311 ttcttcaaaa agatctatta gataacatqt 

-10711 tcagcaaatt 
-10111 gacaactttt 
-9511 agtaatatta 

-8900 G2 
-8911 ataaattact 
-8311 acattgttga 
-7711 tttaaggtaa 
-7111 tgtactgggc 

taggatatttt ggggtttttt 
aaaatctttgg ttacaaatga 
agattctagaa ttctacgatt 

-651 1 
-591 1 
-531 1 
-471 1 
-411 1 
-351 1 
-291 1 
-231 1 
-171 1 
-111 1 
-51 1 

gacttaaaaa a 
gatatctaaa a 
agaaagcatt t 
tggtatgtct t 
aggctcaggc c 
agaagtttga a 
gtttttttct t 
acccctctgt t 
cctatacggg g 
cagcaaatac c 
cacagcccac c 

aaagcatgta a 
ttccaagatg g 
tgcccagaag g 
tcagtggact t 

aaaattcgat t 
taaaatctct t 
gttattgttt t 
tataattaag g 
ctgtattccc c 
gaccagcctg g 
aagtaatatt t 
actctgggca a 
agtggtgaca a 
aaatggaagt t 
ttgggaggcc c 

aactacagta a 
tacatttttc c 
cgtggtatgc c 
agaagaaaac c 

-6288 Gl 
agataatata a 
aaactaaata a 
acctggcagt t 
gaagtcttag g 
tgcactttgg g 
ggtaacagag g 
gtcataaata a 
gttttccctc c 
cgccatctgt t 
tccagtatgt t 
tcggcgctca a 

aaacaacaaaa taaacctctg gggttttttg 

actgagagccc atatatcaat acagaaaaga 
-10333 G3 

tqtaaagataa aaqaaaatqa ctcactttaa 
tttctacaatt tatgtatcat ctcattacaa 
taaaagatttt tagtaaaatt attcatgtag 

tgtcacaatcc ccataaagac aatctactgt 
atatttaacaa tctcaaacat tgagagcggt 
agttgtccacc ttctgcgggc tcagcaaacc 
tccagagacaa acggggtggg ggaggggggg 

catatgttta a 
aaattttagt t 
tctttttatt t 
atttaaagaa a 
gaagccaagg g 
tgagagtctg g 
ttatgtcatg g 
ttgcctgaga a 
tcaagtttaa a 
tctgcccgca a 
ggtgtggtaa a 

aaatctaaat t 
ttaaaagatt t 
tcttactagc c 
atctaagctg g 
cgggaggatt t 
tctttacagg g 
aatattatgc c 
acaccactta a 
cttttttctc c 
ctccagtggg g 
gagctgggcg g 

tttatttaga a 
ctaaatgttg g 
gcataaataa a 
acgggtgcag g 
gcttgaggcc c 
tttaaataca a 
agagctgccg g 
taacacggga a 
attttttaga a 
cggtcttgtg g j gq tct t 

} r + i i 

B B 

5' ' 
b b 

G44 G3 G2 G1 1 
'9SÊ'9SÊ  ; 

+1 1 
3' ' 

+54 4 

 Human IL-12RR.2 5' flanking region 
 GATA consensus sites 

Fig.. 1 GATA consensus sites in the 5' flanking region of the IL-12RJI2 gene. A) Sequence 

analysiss of the human 1L-12RB2 5' flanking region from the transcription start site (+1) up to -1191 

bpp revealed four consensus GATA binding sites located at -628, -890, -1033 and -1110. B) Schematic 

representationn of the -1191 kb/+54 bp IL-12RB2 promoter fragment containing the four GATA 

consensuss sites (G1-G4). This fragment was used in reporter gene assays. 
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Relativee Luciferase Units 
(%% of wild type) 

Fig.. 2 Promoter  activity with mutated and wild type GATA sites. Luciferase constructs 

containingg the wild type (wt) 1.2 kb IL-12RB2 promoter were transiently transfected into Jurkat cells. 

Afterr one day, cells were stimulated with PMA and lonomycin for 16 h. Luciferase activities were 

correctedd for transfection efficiency (Renilla luciferase) and calculated as the percentage of the 

activityy of the wild type promoter, set at 100 %. Results are expressed in this and subsequent figures 

ass the mean + S.D. of at least three independent, duplicate experiments with different DNA 

preparations. . 

RoleRole of GATA sites in the presence of overexpressed GAT A3 

Ass no change in promoter activity was observed after mutagenesis of the four GATA sites, we 

analyzedd Jurkat cells for the expression of endogenous GATA 3 protein. Although Jurkat cells 

expresss high levels of GATA 3 mRNA (data not shown), GATA 3 protein levels are low as 

determinedd by immunocytochemical analysis of PMA/ionomycin stimulated cells using an anti-

GATA 33 antibody (see below; Fig. 3). To increase GATA 3 protein levels, the Jurkat cells, were 

cotransfectedd with the GATA 3 x pcDNA3 myc construct and the wild type or either of the Gl 

throughh G4 mutated luciferase constructs. Fig. 3, shows immunocytochemistry results of Jurkat 

cellss transfected with the control vector pcDNA3 myc (Fig. 3A, left pictures) or with the GATA 3 

xx pcDNA3 myc construct (Fig. 3A, right pictures). Ant i -GATA 3 antibody (top pictures) clearly 

detectedd expression of GATA 3 protein in GATA 3 x pcDNA3 myc transfected cells in a nucleus-

associatedd fashion, whereas in untransfected (present in left and right pictures) or mock-

transfectedd (left pictures) cells, hardly any signal was observed, confirming that endogenous 

GATA 33 protein levels were low. As a control, to discriminate between endogenous and ectopic 

GATA 33 expression, we also stained the myc-tag, specifically detecting the G A T A 3 / m yc fusion 
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pcDNA33 myc 
GATA33 x 

pcDNA33 myc 

cc-GATA A 

a-myc c 

noo Ab 

B B Controll vector 
PMA/ionomycin n 

pEGFP P 
PMA/ionomycin n 

h h 

3s s 

= = 

S=--

99.9 9 

.M .M 
*^MfH rr  , 

0.1 1 62 2 38 8 

10"" 10' 

Fig.. 3 Overexpression of GATA 3 in Jurkat cells and transfection efficiency. A) One day after 

transfectionn with GATA3 x pcDNA3 myc (right) or empty pcDNA3 vector (left), Jurkat cells were 

stimulatedd with PMA and ionomycin for 16 h. Cytospins were made and stained for intracellular 

GATA 33 with anti-GATA3 (top panel) or for the myc-tag with anti-mvc (middle panel). Analysis 

withoutt antibody was included as a control (bottom panel). Nuclei were stained with Hoechst. B) 

Transfectionn efficiency was determined by FACS analysis of parallel pEGFP transfected cells. About 

388 % of cells are positive for GFP in stimulated conditions. 
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protein.. The percentage of myc-positive cells in GATA3 x pcDNA3 myc transfected cells was 

similarr to the percentage of GATA3 positive cells and no myc staining was observed in the 

mock-transfectedd cells (Fig. 3A, middle pictures). Additional control experiments without 

antibodyy gave no signal (Fig. 3A, bottom pictures). 

Transfectionn efficiency was monitored using the pEGFP plasmid in parallel transfections under 

thee same conditions. As shown in Fig. 3A, transfection efficiency was 38% in stimulated cells (as 

indicatedd by FL1 on the X-axis). Analysis of GATA3/myc fusion protein by 

immunocytochemistryy showed similar percentages of positive cells as observed with GFP (data 

nott shown), indicating that GATA3 protein is abundandy expressed in GAT A3 x pcDNA3 myc 

transfectedd cells. The obvious experiment to compare wild type promoter activity after 

cotransfectionn with either GATA3 pcDNA3 myc or mock vector was frustrated by the effect of 

GATA33 protein on Renilla luciferase expression (data not shown) not allowing for comparable 

normalization.. To circumvent this, the effect of each GATA site mutation on promoter activity 

waswas examined in comparable conditions with overexpressed GATA3. As in the experiments 

withoutt ectopic GATA3 (Fig. 2), again no significant change as compared to the wild type 

fragmentt was observed as a result of either one of the mutated GATA sites (Fig. 4). In addition 

too these single mutations, several combinations of GATA-site mutations were made and tested, 

butt none of these showed significantly changed promoter activity either (data not shown). 

++ GAT A3 x pcDNA3 myc 

00 25 50 75 100 125 150 

Relativee Luciferase Units 
(%% of wild type) 

Fig.. 4 Promoter  activity with mutated or  wild type GATA sites in the presence of access 

GATA33 protein. Transient transfection and stimulation with PMA/ionomycin were performed as 

describedd in the legend to Fig. 2. Here, Jurkat cells were co-transfected with GATA3 x pcDNA3 myc 

(200 tig) and one of the indicated reporter gene constructs (20 tig). 
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EffectEffect of GAT A 3 on intrinsic IL-12Rf2 gene expression 

I tt has been described in the mouse that ectopic expression of G AT A3 can inhibit IL-12 induced 

IFNyy product ion in primary T celis 5. This effect has been ascribed to two not necessarily 

unrelatedd mechanisms: (i) by repression of the IP-12RB2 chain D;6 and (ii) by suppression of the 

T hll  -specific transcription factor T-bet . In human cells, the effect of ectopic expression of 

G A T A 33 has not been tested yet. In the present study, no direct effect of GATA 3 on the 1.2 kb 

proximall  promoter of the IL-12Rfi2 in reporter gene constructs could be found so far. To 

investigatee the role of GATA 3 in the context of the complete regulatory regions of the IL-

1212 Rf 2 gene, we tested the effect of GATA3 overexpression on the intrinsic expression of the 

IL-12Rfs'2IL-12Rfs'2 gene in Jurkat cells that express low levels of IL-12RB2 as described before " and no 

T-bett as we confirmed by RT-PCR (data not shown). To this aim, Jurkat cells were transfected 

withh G A T A 3 x p c D N A3 mvc or control vector and either or not stimulated with 

PMA/ ionomycin.. The expression of GATA3 protein was confirmed by immunocytochemistry 

(dataa not shown). The mRNA expression of IL-12RB2 and B2m was measured by real-time PCR. 

Thee levels of IL-12RB2 were normalized based on B2m mRNA levels in the same samples. The 

IL-12RB2:B2mm expression ratio was not significantly affected by the presence of G AT A3 protein 

ass compared to the samples transfected with the control vector (Fig. 5), giving no evidence for 

anyy effect of G A T A 3 on the expresion of the IL-12R/Ï2 gene in Jurkat cells. 

DD pcDNA3 myc B GATA3 x pcDNA3 myc 

3.0 0 

cc 2.5 
o o 

o o 
öö 1.0 
u. . 

0.5 5 

0 0 
Ohh 16 h 

Fig.. 5 GATA 3 expression does not affect IL-12RB2 mRNA expression in Jurkat cells. Jurkat 

cellss were transiently transfected with GATA3 x pcDNA3 myc or control vector (20\lg) as described 

inn the legend to Fig. 2. After one day, cells were either or not stimulated with PMA/ionomycin for 16 

hh and then lysed. IL-12RB2 and B2m mRNA expression levels were analyzed by real-time PCR. The 

levelss of IL-12RB2 mRNA expression was normalized to the level of B2m mRNA expression in the 

samee samples and calculated as arbitrary units/B2m. The IL-12RB2:B2m ratios in GATA3- or control 

vector-transfectedd cells are presented as fold-induction over the unstimulated IL-12RB2:B2m ratio in 

thee control vector transfected condition. 

100 0 
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DISCUSSION N 

Inn the present study, we show that GATA 3 does not inhibit expression of the human / L - / 2R/Ï2 

genee by acting as a transcription factor at the 5' regulatory region. Despite the presence of several 

GATAA consensus binding sites in the 1.2 kb proximal promoter region, we found no evidence 

forr a role of either of these sites in the regulation of IL-I2R/2 transcription in Jurkat cells, 

neitherr in reporter gene assays using the 1.2 kb promoter region to drive the luciferase gene, nor 

inn the context of the complete promoter and regulatory regions. In both experimental designs, 

ectopicc overexpression of G AT A3 did not have a significant effect on the activity of the IL 

12RB22 promoter in Jurkat cells. 

Thee hypothesis tested in this study was that GATA 3 might down-regulate transcription of the 

humann IL-12R/Ï2 gene, as previous studies have shown that ectopic expression of GATA 3 did 

suppresss the gene in mouse Th cells, even in developing T hl cells T'(', in which 1L-12RB2 

expressionn is normally high, due to the impact of IL-12. 

Theree arc several possible explanations for the lack of IL-12R(i2 suppression by GAT A3 in our 

studyy in human cells. First of all, the identified consensus sequences for binding GATA factors, 

mayy not be active GATA 3 sites. To confirm binding of GATA 3 to these sites, a likely experiment 

wouldd be FMSA analysis. We extensively tried to visualize GATA 3 binding at these (and other) 

sequencess by EMSA analysis, but we could not convincingly demonstrate GATA 3 binding at any 

off  these sites. Literature screening suggests that these experiments are difficult , as no reports were 

foundd that convincingly confirmed D NA binding of human GATA 3 using a specific antibody to 

generatee a supershift in FMSA experiments. Therefore, no firm conclusions on the function of 

thesee sites can be drawn from our present experiments. 

Anotherr possible explanation for the lack of IL-12Rji2 suppression by GAT A3 is that GATA 3 

doess not target the IL-12Rf<2 gene directly, but affects the expression of (an) other gene(s) 

importantt for IL-12Rfs2 gene regulation. F,ven the demonstration of suppressed IL-12RB2 

mRNAA expression in GATA 3 transfected murine T cells x6 does not exclude regulation via other 

molecules.. A plausible candidate gene to be affected by GATA 3 and to affect IL-12Rf\2 

expression,, in turn, is the recently identified Thl-specific transcription factor T-bet (T-box 

expressedd in T cells). Indeed, ectopic expression of T-bet in STAT4 cells that were stimulated 

underr Th2 conditions resulted in 1L-12RB2 expression "\ supporting the idea that T-bet is 

involvedd in IL-12RfsJ2 transactivation. In addition it was shown in the mouse that IL-4 inhibits 

T-bett expression in a STAT6-depcndent fashion ] \ STAT6 may actually inhibit T-bet expression 

viaa activation of GATA3, as T-bet promotes the expression of the IL-12Rfi2 gene \ This 
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sequencee of events would explain 1L-4 induced inhibition of IL-12RTS2 expression in a GATA 3 

dependentt fashion, without a direct impact of GATA 3 on the IL-12RB2 promoter. 

AA third possible explanation for the lack of IL-12RI32 suppression by GATA 3 could be that 

besidess acting as a conventional transcription factor, affecting gene transcription through binding 

too «'/-acting elements in the promoter regions of sensitive genes, as GATA 3 apparently does in 

thee regulation of the IL- 5 gene " ' ' , GATA3 is also implicated in the process of chromatin 

remodel ingg and imprinting of gene accessibilitv to transcription factors. Indeed, forced 

expressionn of GATA 3 induced remodeling of chromatin surrounding the IL- 4 gene l6;' . In this 

respect,, GATA 3 and T-bet seem to have opposite effects, suggesting the necessity for early 

availability-- of these factors to exert their effects. If G ATA 3 under physiological conditions affects 

7_L-12Rjs22 expression by acting at the level of chromatin imprinting, it may be expected that the 

underlyingg molecular events have littl e effects on the IL-12RB2 promoter in a reporter construct 

orr in the natural gene in Jurkat cells that already express the gene. 

Finally,, it should be noted that, although Jurkat cells do express the IL-12RB2 chain at low levels 

andd its expression can be increased by PMA/ionomvcin stimulation lUM , it can not be excluded by 

farr that jurkat cells lack the expression of other molecules that, either or not in collaboration with 

G A T A 3 ,, have a role in the regulation of IL-12RB2 expression, and mask the potential impact of 

G A T A 3 .. On the other hand, Jurkat cells are completely devoid of T-bet expression, and even in 

thee absence of this counterplayer, GAT A3 overexpression had no effect on IL-12Rj?2 

expression.. Still, Jurkat cells may not completely reflect the regulatory events that occur in 

primaryy Th cells. 

I nn conclusion, our present data provide no evidence for a direct role of GATA 3 as a 

conventionall  transcription factor in the regulation of the activity of the human IL-12RB2 

promoter.. As ample data implicates the involvement of GATA 3 in the suppression or prevention 

off  IL-12RJi2 expression, both in mouse 1;6 and human Th cells, further research is required to 

elucidatee the complex molecular mechanisms that underlie the effects of GATA3. Several studies 

havee indicated that the net effect of GATA3 on the polarization of activated naive Th cells wil l 

dependd on the availability and activity' of its counter player T-bet and, thus, on the presence and, 

evenn more, the timing of exposure to exogenous cytokines, IL- 4 and IL-12 in particular. T-bet 

andd G A T A 3 have opposite effects on IL-12R/2 expression. The complete absence of T-bet in 

Jurkatt cells, therefore, underscores our conclusion that GATA 3 does not directly target the IL -

12RT322 promoter. 
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