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FunctionalFunctional polymorphic GATA site in IL-12RJ32 promoter 

ABSTRACT T 

Interleukin-122 (IL-12) is a potent inducer of IFNy production by T cells and is a major factor for 

thee development of Thl cells. It exerts its biological effects through binding to the IL-12 

receptorr (IL-12R), a heterodimer composed of a Bl and a B2 subunit. The signaling B2 chain is 

expressedd on Thl cells, and to a lesser extent on ThO cells, but not on Th2 cells, rendering these 

cellss unresponsive to IL-12. Recendy, polymorphisms in the coding region of the IL-12R/2 

genee have been described that were associated with atopic disease. Here, we analyzed the 5' 

regulator)'' region of the human 11^-12RJÜ2 gene by D H P LC (Transgenomic WAV E system). We 

foundd five novel single nucleotide polymorphisms (SNP) in the proximal 1.2 kb IL-12RJÏ2 

promoterr region, i.e., -237C/T, -465A/G, -1023A/G, -1033T/C, and -1035A/G. SNP -465A/G 

iss of particular interest as it determines the integrity of a GATA consensus site. By functional 

comparisonn of both -465 alleles in transient transfection assays, we show that promoter activity is 

increasedd in case of the -465G allele, disrupting the intact GATA site. In addition, only the -465A 

allelee showed specific binding to (a) nuclear protein(s) extracted from Th cells. DNA-binding 

activityy to an oligonucleotide containing the -465 GATA site was stronger in Th2 extracts as 

comparedd to T hl extracts, in line with higher GAT A3 expression levels in Th2 cells. Comparison 

off  the prevalence of the -465A/G SNP alleles in small cohorts (n = 40) of allergic asthmatic and 

healthyy control individuals provided no evidence for an altered distribution in the asthmatic 

population.. In conclusion, we have identified a novel polymorphic GATA site that may affect 

transciptionall  activity of the human IL-12R//2 gene under Th2 polarizing conditions. 

INTRODUCTION N 

Interleukin-122 (IL-12) is produced by antigen-presenting cells and is a potent inducer of IFNy 

productionn by T and NK cells and is a major factor for the induction of Thl responses. The 

biologicall  functions of IL-12 are mediated through the IL-12 receptor (IL-12R) consisting of two 

subunits,, the IL-12RB1 and the IL-12R1Ï2 chains ', both in the human 2 and the mouse 3. In the 

humann system, both receptor subunits are able to bind IL-12 with low affinity, when expressed 

individuallyy in COS-7 cells 4, but both chains are required to bind IL-12 with high affinity. 

Onlyy the IL-12RB2 subunit contains intracellular tyrosine phosphorylation sites, necessary for IL -

122 signaling. The non-signaling 1L-12RB1 subunit is expressed after TCR stimulation of naive T 

cellss and the protein is abundantly expressed by all differentiated T cells 4. In contrast, the 

expressionn pattern of the IL-12RB2 chain is more restricted and is not expressed by Th2 cells '^ 
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renderingg these cells unresponsive to IL-12. So far, littl e is known about the transcriptional 

regulationn of the IL-1 2R/2 gene. Transcription factors like NFATc2, SP1 and SP3 play a role in 

thee regulation of the proximal promoter (\ but are probably not involved in the differential 

expressionn of the gene in T hl and Th2 cells. Mouse experiments have implicated the polarizing 

masterswitchh transcription factors GATA3 and T-bet as likely candidates to play a role in 

differentiall  transcription of the IL-12Rf<,2 gene 8. 

I tt was shown by Rogge et al. '' that broncho-alveolar lavage (BAL) T cells from allergic asthma 

patientss showed hardtv any expression of the IL-12RB2 chain as compared to BAL T cells from 

sarcoidosiss patients. The in situ IL-12RB2 mRNA expression in the asthmatic BAL T cells was 

evenn further down regulated upon allergen challenge "'. Furthermore, PBMC from atopic 

childrenn expressed less IL-12RB2 mRNA after stimulation as compared to PBMC from non-

atopicc children n . This data suggests a reduced capacity to respond to Thl- inducing stimuli in 

atopicc patients, due to reduced IL-12 responsiveness of Th cells. 

Allergicc asthma is a Th2 associated disease, of which the etiology is complex and involves the 

interactionn of multiple genetic loci and a variety of environmental factors. Quite a number of 

chromosomall  regions and genes have been identified that suggest linkage which allergy and 

asthmaa '". Candidate asthma genes that may be linked or associated with the asthmatic 

phenotype,, include cytokine genes, receptor genes, transcription factors and many others. A well 

documentedd example is chromosome 5 where linkage is found in a region (5q31-33) representing 

aa gene cluster with IL-4, IL- 5 and 1L-13 and the B2-adrenergic receptor '2. The IL-12RB2 gene is 

locatedd on chromosome 1 (lp31.2) \ So far, there have been no reports suggesting linkages 

betweenn allergy or asthma and chromosome 1. This, of course does not rule out the possibility 

thatt possible functional polymorphisms in the IL-12Rjs2 gene, wil l be linked or associated with 

ann asthmatic phenotype. 

Indeed,, several polymorphisms in the coding region of the IL-12R/s2 gene have been described 

M,, resulting in truncated IL-12RB2 protein leading to decreased STAT4 phosphorylation and IL -

122 signaling. The presence of these mutadons, that only occurred heterozygously in atopic 

individuals,, were associated with decreased lFNy production following IL-12 stimulation. 

Polymorphismss within the 5' and 3' regulatory sequences or introns of the IL-12Rf2 gene may 

havee a significant effect on transcription since they may alter the structure of regulatory elements 

andd affect the affinity of transcription factor binding. So far, no polymorphisms in the IL-12RT52 

regulator)'' regions have been reported. 
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Here,, we set out to identify D NA sequence variation in the 1.2 kb 5' flanking region of the 

humann IL-12R/Ï2 gene in a small cohort of allergic asthma patients, to identify' possible genetic 

determinantss that may characterize allergic asthmatic subpopulations. We used denaturing HPLC 

(DHPLC).. This technique depends on detecting heteroduplexes in PCR products by HPLC and 

thereforee is very useful to identify unknown polymorphisms ,:>. We identified novel single 

nucleotidee polymorphisms (SNPs) in the promoter region of the human IL-12RJÏ2 gene (update 

off  promoter sequence is available from GenBank AF349574). Strikingly, three of these SNPs are 

locatedd in GATA consensus sequences. It is known, at least in the mouse, that GATA 3 inhibits 

IL-12RB22 expression 7;l6. We show that the -465A/G SNP in the GATA consensus site affects 

transcriptionn and transcription factor binding. Preliminary comparison of the prevalence of these 

polymorphicc alleles in small cohorts of forty- healthy control individuals and forty patients 

sufferingg from allergic asthma, provided no evidence for an altered distribution of any of these 

SNPss in the asthmatic population. 

MATERIAL SS & M E T H O DS 

Subjects Subjects 

Fortyy allergic patients with mild to moderate asthma (according to the criteria of the American 

Thoracicc Society) ' were recruited either by advertisement or from the outpatient respirator)' 

clinicc of the Academic Medical Center, Amsterdam. All patients gave written informed consent 

too participate in the study, which was approved by the Medical Ethics Committee of the 

Academicc Medical Center in Amsterdam. Forty healthy subjects, without specific lgE for 

commonn inhalant allergens (RAST negative), with serum IgE levels below 100 IU /ml were 

selectedd as controls. 

GenomicGenomic DNA isolation 

Genomicc D NA was isolated from heparinized total blood with the Qiagen blood isolation kit 

(Qiagen,, Hilden, Germany) according to the manufacturer's instructions with a minor 

modification:: instead of Qiagen protease we used 0.5 mg Proteinase K (Merck, Darmstadt, 

Germany)) / 200 ul total blood. 

DenaturingDenaturing high-performance liquid chromatography (DHPLC) 

Primerss (BioSource, Nivelles, Belgium) used for the amplification of the -1210 through +107 IL -

12RB22 promoter fragment of each subject are listed in Table 1. PCR reactions were performed in 
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aa final volume of 50 (ll , using 125 ng of genomic D NA as template, 250 (J.M of each dNTP, 3 

pmoll  of the forward and reverse primers, 1.25 U of Taq D NA polymerase (Roche Diagnostics, 

Almere,, The Netherlands) and Taq buffer. Reactions were carried out in the Peltier Terminal 

Cvcler-2000 (BlOzym, Landgraaf, The Netherlands), as follows: denaturation for 5 min at 94°C, 

followedd by 35 cycles of denaturation at 94°C for 30 s, annealing at 58°C or 64°C (primer 

dependent)) for 30 s and elongation at 72"C for 1 min, and finally, elongation at 72°C for 10 min. 

PCRR products were analyzed for size by gel electrophoresis on a 1% agarose gel stained with 

ethidiumm bromide. Amplified fragments were denatured by incubating at 94"C for 10 min, 

reannealedd at 65"C for 10 min and slowly cooled down to 4"C to allow formation of 

hetcroduplexes.. D H P LC analvsis was performed on an automated D H P LC instrument: the 

Transgenomicc WAV E System (Transgenomic Inc., San Jose, CA). The stationary phase consisted 

off  a D N A Sep® column, which binds D \ A during analysis. The mobile phase consisted of two 

eluentss (pH 7.0). Buffer A contained tricfhvlarnmonium acetate (TEAA), which interacts with the 

negativelyy charged phosphate groups on the D NA as well as with the surface of the column. 

Bufferr B contained TEAA with 2 5% of the denaturing agent acetonitrile. Fragments were eluted 

withh a linear acetonitrile gradient of 2% per min at a flow rate of 0.9 ml /min. Increasing the 

concentrat ionn of acetonitrile at a fixed temperature wil l denature the fragments. Temperatures for 

successfull  resolution of heteroduplexes were calculated by the D H P LC Melt program 

(http:/ / inserdon.stanford.edu/cgi-bin/melt .pl)) and are listed in Table 1. Fragments of the -

1210// + 107 IL-12RB2 promoter region that showed variation based on changed peak formation 

duee to heteroduplcx formation were further analyzed. 

DetectionDetection of IL-12Kf2 promoter polymorphisms 

Fragmentss of the 5' region that showed heteroduplex formation were further analyzed. To this 

aimm the particular 5' flanking region fragment of the appropriate patient was sequenced, by 

sequencing.. To this aim, PCR fragments were purified with the Concert™ gel extraction system 

accordingg to the manufacturer's instructions (Lif e Technologies, Paisley, UK) , sequenced using 

BigDyee Terminator Reaction Ki t (PE Applied Biosystems, Warrington, UK) and analyzed on an 

AB11 Prism 3100 Genetic Analyzer (Applied Biosystems). In this way, five novel SNPs were 

foundd in the 1.2 kb proximal promoter region. For all subjects, further analysis of the -237C/T 

S NPP and the -1023A/G SNP was performed by restriction fragment length polymorphism 

(RFLP)) assays. This was performed by 40 cycles of PCR with primer IS and primer 7AS 

(Tablee 1). PCR fragments were electrophoresed on a 2% agarose gel following I tal (-237) or 
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Tablee 1 

Primerr sequences used to amplify the 1.2 kb IL-12RB2 5' flanking region in seven fragments 

Fr.Fr.aa Location 

Length Length 

(bp) (bp) PrimerPrimer Sequence0 

TempTemp CCf 

DHPLC DHPLC 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

-1210/-76 6 6 

-853/-Ó8 2 2 

-707/-40 9 9 

-525/-29 1 1 

-402/-13 6 6 

-173/+ 7 7 

-56/+10 7 7 

434 4 

171 1 

298 8 

234 4 

266 6 

180 0 

163 3 

SS 5'-TCTGTCTCTTCATAACAACGTATCACTTGGT-3 ' 

ASS 5'-CCTTAAAACCGCTCTCAATGTTTGAGATG-  3 ' 

SS 5'-CCCATAAAGACAATCTACTGTACATTGTTGA-3' 

ASS 5'-AGTTTTCTTCTAGTCCACTGAGCCCA-  3 ' 

SS 5'-CCTGTACTGGGCTCAGTGGACTAGAAG-3' 

ASS 5'-CCTCTGCACCCGTCAGCTTAGATT-  3 ' 

SS 5'-GCATTGTTATTGTTTACCTGGCAGTTC-  3 ' 

ASS 5'-CTGTATTTAAACCTGTAAAGACAGACTCTC-3' 

SS 5 '  -CCTGTATTCCCTGCACTTTG-  3 ' 

ASS 5'-CTTGAACAGATGGCGTGTCA-3' 

SS 5'-GACCTATACGGGAGTGGTGACACG-3' 

ASS 5'-CTCTGCACCGCCCAGCTCTTA-3' 

SS 5'-TTGTGCACAGCCCACTTGGGA-3' 

ASS 5'-GGCGCGATAAAATCGTGTGCT-3' 

53/54/55 5 

56/57/60/61 1 

53/54/55/59 9 

55/56/60/61 1 

57/58/60/61 1 

58/59/62/63 3 

62/63/64 4 

aa Fr., designated identification number of the amplified fragment. h Location of the oligonucleotide 

sequencee in the IL-12R/Ï2 gene. c S, sense oligonucleotide; AS, anti-sense oligonucleotide. d Temp 

("C),, Temperatures for successful resolution of heteroduplexes by DHPLC analysis (Transgenomic 

WAVEE System) were calculated by the DHPLC Melt program as described in Materials and 

Methods. . 

HinjlHinjl  (-1023)/£VoRV double digestion. For analysis of the -465A/G SNP, 40 cycles of PCR 

weree performed with two separate PCR reactions using allele specific sense primer G 5'-ACT 

AGCC GCA TAA ATA ATG GTA TG-3' or A 5'-ACT AGC GCA TAA ATA ATG GTA TA-3', 

bothh with anti-sense primer 6AS (Table 1). The annealing temperatures used in the reactions with 

allelee specific primers A and G were 59°C and 60°C, respectively. 

Site-directedSite-directed mutagenesis in reporter gene constructs 

Thee 5' flanking region of the human IL-12RJÏ2 gene (GenBank AF349574) was amplified by 

PCRR using genomic clone PAC104 (obtained as described (') as a template. For cloning purposes, 

thee 5' sense primer -1191 (5'-GCG CGA GCT CCG GTA TCA CTT GGT GTG AAA ATT-3') 

orr -591 (5'-GCG CGA GCT CGA TAT CTA AAT AAA ATC TCT-3') were designed with an 

additionall  SacI restriction site (underlined) and the 3' anti-sense primer (5'-GCG CGT TGA 
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C A GG CCA TCA G GG AA C T-35) with a natural Hindi site (underlined), resulting in PCR 

productss spanning -1191 through +54 or -591 through +54, relative to the start of the reported 

c D NAA sequence '. Site-directed mutagenesis in the IL-12RB2 promoter constructs was carried 

outt as described before (>. The internal forward primers used, containing the targeted sites (core-

bindingg elements underlined, with substitutions indicated in italics and bold) were: -1035 non-

G A T AA 5'-TTG G GG T TT T TT T GT AAA C 7T AA A GAA AA T GAC TCA CT-3' and -465 

G A T AA 5'-ATA AT G GTA T ^ T CTT ATA ATT A-3'. Products from this procedure were 

clonedd into pGL3e (Promega, Leiden, The Netherlands) and sequenced to confirm the 

introduct ionn of the desired mutations. Plasmid D NA was prepared from bacterial cultures using 

Qiagenn Plasmid Midi Kit s (Hilden, Germany). 

CellCell culture and transient transfection 

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

Whittaker,, Walkersville, MD ) supplemented with 5% pooled, C-inactivated fetal calf serum (Bio-

Whittaker)) and gentamycin (80 ( lg/ml; Duchefa, Haarlem, The Netherlands). Transfection and 

promoter-dr ivenn luciferase activity experiments were performed as described before '. 

ElectrophoreticElectrophoretic Mobility Shift Assays (EMSA) 

Nuclearr protein extraction and EMSA were performed as described before \ The ds 

oligonucleotidess used in this study were (core-binding elements underlined): -1035 GATA 5'-

T T GG G GG T TT T TT T GT AA A G AT AA A GAA AA T GAC TCA CT-3', -1035 non-GATA 

ass described above, -465 non-GATA 5'-ATA AT G GTA T GT CTT ATA AT T A 3 ' and -465 

G A T AA as described above. 

DetectionDetection of CAT A3 protein expression by immunocytochemistry 

Fulll  length G AT A3 cDNA, kindly provided by Dr. L. Rogge (Roche Ricerche, Milan, Italy), was 

subclonedd into the pcDNA3.1/Myc-His(+) expression vector (Invitrogen, Leek, The 

Netherlands),, further referred to in the text as GATA 3 x pcDNA3 myc. Thus obtained GATA 3 

proteinn contains a myc-His tag for detection purposes. For cloning purposes, the 5' sense primer 

(5 ' -GCGG CGA AT T CCC ACC AT G GAG G TG ACG G CG GAC-3') was designed with an 

additionall  EcoFl restriction site (underlined) and a Kozak sequence and the 3' anti-sense primer 

(5 ' -GCGG CTC T A G AA C CCA T GG CGG T GA CCA T GC T- 3') with an Xbal restriction site 
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(underlined).. The cloned product was checked by sequencing and used for co-transfection with 

reporterr constructs to increase GATA 3 protein level in transfected cells. 

Onee day after co-transfection, cells were stimulated with PMA (10 ng/ml, Sigma Aldrich Co.) 

andd ionomycin (1 JUg/ml, Sigma Aldrich Co.) for 16 hours. Hereafter, cytospins were made 

(Cytospinn 2, Shandon, Pittsburgh, PA) by spinning at 300 x g for 5 min. Cells were fixed with 

acetonee (-20"C) for 10 min and, after blocking with 1 % FCS in PBS, incubated with mouse anti-

humann GATA 3 (1 |J.g/ml, HG3-31, Santa Cruz Biotechnology, Santa Cruz, CA), mouse anti-myc 

(11 }Xg/ml ; Invitrogen) or no antibody for 45 min at RT. Cytospins were washed in PBS 

containingg 1% FCS and incubated with FITC-conjugated goat anti-mouse IgG FITC (l|J.g/ml, 

Jacksonn Immuno Research Laboratories, Inc., West Grove, PA) for 45 min at RT. Nuclei were 

stainedd with Hoechst 33342 (Sigma-Aldrich Co). Slides were analyzed with a fluorescence 

microscopee (Leica, Wetzlar, Germany) coupled to a CCD camera and Image-Pro Plus software 

(Mediaa Cybernetics, Dutch Vision Components, Breda, The Netherlands) to determine the 

percentagee of GATA 3 expressing cells. 

RESULTS S 

IdentificationIdentification of polymorphisms in the 1.2 kb 5' flanking region of the human IL-12R/2 

gene gene 

Thee IL-12RJ32 -1210 through +107 promoter region of 40 allergic asthma patients was analyzed 

byy DHPLC, in which heteroduplexes in PCR products are detected by HPLC. These analyses 

revealedd heteroduplexes in PCR fragments 1, 3, 4 and 5 (Table 1), suggesting the presence of 

polymorphicc sites. Subsequent sequence analyses of these fragments revealed five novel SNPs: -

237C/T,, -465A/G, -1023A/G, -1033T/C and -1035A/G, as shown in Fig. 1. 

GenotypingGenotyping for five novel SNPs in the human IL-l 2RJÏ2 promoter 

Too determine the genotypes of subjects with respect to SNPs -237C/T and -1023A/G, RFLP 

assayss were performed on the PCR products of the respective promoter fragments. For analvsis 

off  position -237 we used the polymorphic Ital site. The fragment from -853 through +107 was 

amplifiedd with primers 2S and 7AS and digested with Ital. The -237-allele lacking the Ital site 

generatedd a single product of 960 bp, whereas the -273C-allele with the intact Ital site was 

digestedd into two fragments of 617 bp and 343 bp, respectively (Fig. 2A). Position -1023 is part 

off  a polymorphic Hinfl site. The PCR-amplif ied promoter fragment obtained with pr imer IS 
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12100 tctgtctct t  cataacaac g tatcacttg g tgtgaaaat t  accttgaag a aacaacaaa t 
•115 00 aaacctctg g ggttttttg t  tcttcaaaa a gatctatta g ataacatgt a ctgagagcc a 

-1035A/GG -1033T/C V V 
10900 tatatcaat a cagaaaaga t  cagcaaatt t  aggatattt g gggtttttt t  gtaaaaata a 

-1023A/GV V 
10300 agaaaataa c tcactttaa g acaactttt a aaatctttg t  tacaaatga t  ttctacaat t 
-97 00 atgtatcat c tcattacaa a gtaatatta a gattctaga t  tctacgatt t  aaaagattt t 
-91 00 agtaaaatt a ttcatgtag a taaattact a aagcatgta a actacagta t  gtcacaatc c 
-85 00 cataaagac a atctactgt a cattgttga t  tccaagatg t  acatttttc a tatttaaca t 
-79 00 ctcaaacat t  gagagcggt t  ttaaggtaa t  gcccagaag c gtggtatgc a gttgtccac t 
-7 33 0  tctgcgggc t  cagcaaacc t  gtactgggc t  cagtggact a gaagaaaac t  ccagagaca a 
-67 00 cggggtggg g gaggggggg g acttaaaaa a aaattcgat a gataatata c atatgttta a 
-61 00 aatctaaat t  ttatttaga g atatctaaa t  aaaatctct a aactaaata a aattttagt t 
-55 00 taaaagatt c taaatgttg a gaaagcattg  ttattgttt a cctggcagt t  ctttttatt t 

-465A/GV V 
-49 00 cttactagc g cataaataa t  ggtatatct t  ataattaag g aagtcttag a tttaaagaa a 
-43 00 tctaagctg a cgggtgcag a ggctcaggc c tgtattccc t  gcactttgg g aagccaagg c 
-37 00 gggaggatt g cttgaggcc a gaagtttgag  accagcctg g gtaacagag t  gagagtctg t 
-31 00 ctttacagg t  ttaaataca g tttttttct a agtaatatt g tcataaata t  tatgtcatg a 

-237C/TT V 
-25 00 atattatgc a gagctgccg a cccctctgt a ctctgggca g ttttccctc t  tgcctgaga a 
-19 00 caccactta t  aacacggga c ctatacggg a gtggtgaca c gccatctgt t  caagtttaa c 
-13 00 ttttttctc a ttttttaga c agcaaatac a aatggaagt t  ccagtatgt t  ctgcccgca c 

-7 00 tccagtggg c ggtcttgtg c acagcccac t  tgggaggcc t  cggcgctca g gtgtggtaa g 

!!  Eg < -1 00 agctgggcg g Itgcagagca c agagaaagg a catctgcga g gaaagttcc c tgatggctg t 
+511 caacaaagt g ccacgtctc t  atggctgtg a acgctgagc a cacgatttt a tcgcgc c 

Fig.. 1 Five novel SNPs in the 5' flanking region of the human IL-12RG2 gene. The region from 

-12100 through +107 in exon 1 was divided into seven overlapping fragments that were amplified by 

PCRR and used to detect heteroduplexes by DHPLC. Each polymorphic nucleotide identified by 

subsequentt sequence analyses is indicated by a grey grey triangle and is named after its position. 

andd 7AS was double digested with Hinj\ and EcoRV to allow size separation on a 2% agarose 

gel.. The -1023A-allele lacks the intact H////1 site and produced 7 fragments of 7, 48, 110, 227, 

230,, 264 and 436 bp, respectively. The -1023G allele with the intact Hinfl site produced 8 

fragments,, with the 264 bp fragment cut into 83 and 181 bp (Fig. 2B). For analysis of the -

4 6 5 A /GG genotype we designed an allele-specific PCR with sense primers containing either a G or 

ann A nucleotide at their 3' ends, selecdvely amplifying the -465G or A allele (Fig. 2C). The SNPs 

-1033T/CC and -1035A/G were genotypedby additional sequence analysis. 

Tablee 2 shows the allele frequencies of all five SNPs within the cohort of 40 allergic asthma 

patients.. Al l genotvping either bv restriction analysis, allele-specific PCR or sequencing analysis 

confirmedd the results obtained with the DHPFC assay. Striking is the very- low frequency of the -

237T-allele,, that occurred homozygously in only one single patient. 
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Fig.. 2 Genotyping subjects for  novel SNPs in the IL-12RJÏ2 gene. A) The polymorphic Ital 

sitee was used to identify the genotype at -237. PCR products from -853 through +107 were cleaved 

withh Ital and analyzed on an agarose gel. The -237T allele lacks an intact Ital site and generates a 

singlee product of 960 bp (Jane 1), whereas the -237C allele generates two fragments of 617 and 343 

bpp (lane 2). Only the -237 CC or TT genotypes were observed in our cohort. B) The polymorphic 

HinflHinfl  site was used in a double digest with EcoKV on the complete PCR product to identify the 

genotypee at -1023. Allele -1023A has a disrupted Hinfl site and therefore the double digest results in 

fragmentss of 7, 48, 110, 227, 230, 264 and 436 bp (lane /). The -1023G allele contains a Hinfl site 

resultingg in digestion of the 264 bp fragment in 181 and 83 bp (lane 2). Only the -1023 AA or AG 

genotypess were identified. Fragments smaller than 80 bp are too small to detect. C) SNP -465 was 

genotypedd with an allele specific PCR as described in Materials and Methods. 

ThreeThree polymorphisms are located within two GAT A consensus sites 

Wee next screened the sequences of the polymorphic sites by TRANSFAC Mathlnspector V2.2 

dataa base analysis for possible involvement of transcription factor binding sites. 

Interestingly,, three of the five SNPs either create or disrupt a GAT A consensus site 

(WGATA RR ). -465A—>G disrupts a reverse GATA consensus site, and -1035G in combination 

wit hh -1033T create a GATA site (these two GATA sites wil l be referred to as -465 and -1035 

fromm here on). Of the other two SNPs, -237C/T disrupts a potential binding site for AP4, 

whereass neither of the alleles of the -1023 SNP have affinity for any known transcription factor. 

Thee transcription factor GATA 3 plays a key role in directing Th2 cell development and, in the 

mouse,, has been associated with down regulation of 1L-12RB2 expression ' . Therefore, 

polymorphismss disrupting or creating GATA binding sites might affect IL-12RB2 expression. 
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Tabl ee 2 

Allel ee frequencies of IL-12RB2 promoter polymorphisms 

inn a cohort of 40 allergic asthmatics 

Polymorphism" Polymorphism" 

AA lIele frequencies 

»JZt »JZt 
-237C/T T 

-465A/G G 

G G 

-1033T/C C 

G G 

C-alleleC-allele T-allele 

788 (97.5 %) 2 (2.5 %) 

A-alleleA-allele G-allele 

64(80%)) 16(20%) 

A-alleleA-allele G-allele 

688 (85 %) 

T-allele T-allele 

699 (86.3%) 

A-allele A-allele 

1 2 ( 1 5 %) ) 

C-allele C-allele 

111 ( 1 3 . 7 %) 

G-allele G-allele 

6 7 ( 8 3 . 8 %)) 1 3 ( 1 6 . 2 %) 

111 SNPs were traced bv DHPLC analysis and identified by sequencing. Patients were genotyped for 

SNPss as follows: -237C/T by //*I-digestion, -465A/G by allele-specific PCR, -1023A/G by 

HinfllEcoRHinfllEcoRV-digesuonV-digesuon and -1033T/C and -1035A/G by additional sequencing. h n (%), 

representss number of both alleles, respectively, calculated as percentages. Forty patients represent 

800 alleles. 

EffectsEffects of the -465A/C and -1035A/G SNPs on JL-12KJS2 promoter activity 

Thee effects of the polymorphic -465 and -1035 GATA sites were analyzed by functional 

compar isonn in transient transfection assays, using the luciferase reporter system to test promoter 

activity.. Transfections were performed in the human Jurkat cell line as described before b. 

T oo test whether the integrity- of the -1035 GATA site affected promoter activity, we mutated the 

G A T AA site AGATA A into A C T T A A (core binding site underlined, mutation in italics and bold) 

inn the context of the -1191/ + 54 promoter construct. Although it should be noted that within this 

p romoterr fragment three additional GATA consensus sites are present (unpublished 

observations),, disruption of this GATA site did not result in a significant change of 

transcriptionall  activity (Fig. 3A). The reversed GATA site ATATC T (-465A; core binding site 

under l ined,, mutat ion in italics and bold) was mutated into the disrupted-GATA consensus site 
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A A 

 -1035 GATA B-465AGATA 

 -1035non-GATA H-465G non-GATA 

a-mycc / a-Mouse FITC 

pcDNA33 myc GATA3 x pcDNA3 myc 

Fig.. 3 Functional analysis of polymorphi c GATA sites -1035 and -465 in the presence of 

overexpressedd GATA3. Jurkat cells were transiently co-transfected with reporter gene constructs, 

containingg either the GATA or disrupted GATA sites, and a plasmid that constitutively expressed the 

fulll  length GATA3 cDNA. These cultures were stimulated one day after transfection with PMA and 

ionomycinn for 16 hours. Luciferase activity values were corrected for transfection efficiency (Kenilla 

luciferase),, calculated as relative luciferase activity units and expressed as the percentage of promoter 

activityy of-1035 GATA (100%) and -465 GATA (100%), respectively. Luciferase activity is shown as 

thee mean luciferase activity  S.D. of at least three independent duplicate experiments. A). Here, the -

10355 GATA (AGATAA ) and the -1035 non-GATA (ACTTAA) were tested in the context of the -

1191/+544 promoter construct. B) The -465 reversed GATA (AT4TCT) and -465 non-GATA 

(ATGTCT)) alleles were tested for promoter activity in the context of the -591/+54 promoter 

fragment.. C) Overexpression of GATA3 in Jurkat cells. As a control to confirm GAT A3 expression, 

cytospinss were made of Jurkat cells co-transfected with empty vector (left) as a control or GATA3 x 

pcDNA33 myc (right). The cytospins were stained to show GATA3 expression with anti-myc. 
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ATGTCTT (-465G) in the context of a -591/+54 IL-12RB2 promoter construct ''. Interestingly, 

disruptingg the -465 GATA site resulted in an increase of promoter activity of almost 200 %, as 

comparedd to -465A (Fig. 3B). 

Becausee Jurkat cells express GATA3 protein only at ven' low levels, a full-length GATA3 cDNA 

underr the control of a strong constitutive promoter was co-transfected, to ensure high levels of 

GATA33 protein. GATA3 was produced as a GATA3/myc fusion protein to confirm expression 

byy immunocytochemistry with anti-myc antibody (Fig. 3C). These results suggest that the activity 

off  the promoter of the human IL-12R/Ï2 gene is upregulated when the -465 GATA consensus 

sitesite is disrupted (-465G). 

EffectsEffects of the -465A/G SNP on binding of nuclear proteins 

Next,, we tested whether the -465A/G polymorphism affects binding of nuclear factors. To this 

aim,, we performed EMSA analysis using the sequence -475 through -454 as ds oligonucleotide 

containingg either a A or an G (disrupting a GATA site) at position -465. Incubation with nuclear 

SNPP genotype 

-4655 G A 

C 1* * 

lane e 

probe e -465A A 

Th11 Th2 

«CD3/aCD28 8 -- + - + 

C1* * 

B B lane e 

Fig.. 4 Transcription factor  binding at the -465 GATA site. The radiolabeled -465G and -465A 

probess were incubated with nuclear Th cell extracts as described in the text. A) Incubation of the -

465AA oligo with Th2 cell nuclear extracts showed the formation of a specific complex (CI), indicated 

byy the arrowhead. B) Comparison of nuclear extracts of Thl and Th2 cells showed more intense 

formationformation of CI to probe -465A (GATA) with Th2 cell extracts. 
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proteinn extracts of TCR-stimulated CD4+ Th2 cells produced a complex (CI) with the -465A 

oligonucleotidee (Fig. 4A, lane 2) and not with the GATA-disrupting -465G oligonucleotide {lane 

1).1). The addition of ant i -GATA3 antibody did not result in a clear supershift (data not shown). As 

Th22 cells express higher levels of GATA3, we tested for differential formation of C I , comparing 

T hll  and Th2 cell extracts. Indeed, nuclear extracts of both unstimulated and stimulated Th2 cells 

formedd a more intense complex CI with the -465A sequence (Fig. 4B, lane 3 and lane 4), as 

comparedd to Thl extracts. This indicated that the A to G substitution at position -465, which 

disruptss a GATA consensus site, diminished the binding of a transcription factor, that is 

preferablyy expressed in Th2 cells. 

PrevalencePrevalence of -465A/G in allergic asthma patients versus healthy controls 

Becausee the -465A to G substitution resulted in a disruption of a consensus GATA site with 

functionall  consequences for expresion of the IL-12R/S2 gene, we compared the prevalence of this 

allelee in the asthmatic cohort to that in a cohort of 40 healthy control individuals. The 

frequenciess of the -465A and G alleles in the healthy cohort (78.8 % and 19.2 %, respectively) 

weree not different. Also the frequency of the heterozygous and homozygous genotypes was quite 

similarr (Table 3). In conclusion, the comparison of the prevalence of these polymorphic alleles 

providedd no evidence for an altered distribution in the asthmatic population. 

Tablee 3 

Genotypess of -465A/G in allergic asthmatics versus healthy control individuals 

AllergicAllergic asthmatics 

HealthyHealthy controls 

Polymorphism Polymorphism 

(n)(n)a a 

-465A/GG (40) 

-465A/GG (40) 

AA AA 

27 7 

24 4 

Genotypes Genotypes 

GA GA 

10 0 

17 7 

GG GG 

3 3 

---

aa n, represents number of individuals. 
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DISCUSSION N 

I nn the present study, we report the identification of five novel SNPs in the 1.2 kb proximal 

p romoterr region of the human IL-J2R/2 gene, i.e., -237C/T, -465A/G, -1023A/G, -1033T/C 

andd -1035A/G. These are the first polymorphisms described in 5' regulators region of human 

1L-12R/21L-12R/2 gene. 

Computerr assisted TRANSFAC data base analysis indicated that the -237 C—>T substitution 

disruptss a putative AP4 binding site. However, this SNP was found only in one individual, albeit 

homozygouslv,, and we performed no functional experiments on this site, so far. Neither of the -

10233 allelic variants form binding sites for known transcription factors, whereas the almost 

adjacentt SNPs at -1033 and -1035 are part of a putative API site and an overlapping GATA site. 

Thee integrity of only the GATA site is influenced by these SNPs, but disruption of this GATA 

sitee did not result in altered transcriptional activity. The -465 A—>G substitution may be of 

particularr interest, as it disrupts a GATA consensus sequence, reducing transcription factor 

bindingg activity and resulting in increased IL-12R//2 transcription. 

Soo far, we could not confirm the identity of the transcription factor(s) binding at the -465A 

G A T AA site. TRANSFAC data base searches suggested that the -465A/G SNP does not affect 

bindingg of any known T cell transcription factor, other than GATA3. Although the polymorphic 

basepairr is situated within a putative Octl binding element, it does not affect the actual Octl 

bindingg site 19, arguing against involvement of Octl in the different binding patterns of the -465A 

andd -465G oligonucleotides. Still, we could not detect GATA 3 protein in complex CI on the -

465AA probe by supershift analysis, using a commercially available GATA 3 antibody. To the best 

off  our knowledge, a clear G A T A 3 supershift in experiments with human cells has never been 

reportedd before by others. 

Previouss studies have shown that GATA 3 expression is increased in Th2 cells, both in the mouse 

J'' and in humans " , and that ectopic expression of GATA 3 in developing mouse T hl cells 

suppressess IL.-12Rfi2 gene expression !6"2. Our own unpublished results indicated four other 

G A T AA sites in the 1.2 kb 5' regulator)- region (including the polymorphic one at -1033), none of 

whichh affected promoter activity as indicated by site-directed mutagenesis and reporter gene 

assayss (Chapter 5). Based on the above findings, it is tempting to speculate that GATA 3 binds at 

thee A-allele of the -465 G A TA site and that, in Th2 cells, this results in stronger suppression of 

thee IL-12Rf 2 gene. 

Ass allergic asthma is a Th2-mediated disease with a considerable genetic predisposition, we 

analyzedd the prevalence of the -465A allele in a small cohort of 40 allergic asthmatic patients and 
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foundd a high incidence of 80 %. Although this allele may contribute to the downregulation of the 

IL-12RB22 chain and facilitate GATA3-mediated Th2 polarization of allergen-specific Th cells in 

allergicc asthmatic patients, it is probably not an important risk factor for the development of 

asthma,, as almost the same -465A allele-frequency was found in a cohort of 40 healthy control 

individuals.. Furthermore, both cohorts showed largely the same distribution of homozygous and 

heterozygouss genotypes but, notably, homozygous -465G individuals were only found in the 

asthmaticc cohort. 

However,, firm conclusions along this line cannot be drawn yet, as the cohorts in this study were 

muchh too small. Polymorphisms that have small to moderate effects are often difficul t to link to 

multifactoriall  diseases, like allergic asthma, due to their relatively minor contribution 2\ This does 

nott exclude the possibility that the -465A allele has a facilitating role in the suppression of IL-

12RJ?212RJ?2 expression under Th2 polarising conditions, as induced for example upon allergen 

exposuree in allergic asthmatics. A prerequisite for this effect to occur is that GATA 3 needs to be 

activatedd and, therefore, the -465 SNP is not expected to affect IL-12-responsiveness in T h l -

mediatedd responses. To test the net impact of the -465A/G SNP in a controlled and more 

physiologicall  setting, allele-specific IL-12RJi2 expression should be investigated in naive Th cells 

fromm -465 heterozygous individuals upon stimulation under graded Th2-polarizing conditions, 

usingg allele-specific transcript quantification (ASTQ) based on the coding polymorphism 

reportedd by Matsui et al.u as a read out. The genotypes for the other SNPs in the 5' regulator}' 

regionn should preferably be identical. These experiments are underway. 
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