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Abstract 

Prostate cancer is the most common cancer in American men. It is also 
characterized by a substantial racial/ethnic variation in risk: highest in African-American 
men, lowest in Asian men and intermediate in Caucasian and Latino men. We propose to 
investigate genetic variants of genes involved in the regulation of prostatic growth and 
particularly in androgen metabolism, particularly the HSD3B2 gene which encodes the 
type n ß-hydoxysteroid dehydrogenase. Our final progress reported is highlighted by the 
following four findings. First, our data indicate that the locus under investigation is 
highly polymorphic in constitutional DNA and mutated in tumor (i.e. somatic) DNA. 
Second, our population-based investigations are complete. Third, we will complete the 
biochemical analyses soon. Finally, we note that we have also investigated transcription 
of the HSD3B2 gene and found that YY1 binding is important. 

Overview 

This proposal is part of a research program aimed at identifying genes involved in 
the predisposition to and progression of prostate cancer among various racial/ethnic 
groups in the US. Prostate cancer will be diagnosed -according to the ACS- in 230,110 
men in the US in the year 2004 alone. Some 29,900 individuals will die of this disease 
this year. Prostate cancer is characterized by substantial racial/ethnic variation in risk: 
highest in African-American men, lowest in Asian men and intermediate in Caucasian 
and Latino men. We proposed to investigate as our central hypothesis that genetic 
variants of genes involved in the regulation of prostatic growth and particularly in 
androgen metabolism by themselves and in combination significantly contribute to 
prostate cancer risk and progression. Specifically, we proposed to examine the hypothesis 
that DNA sequence variations in the type II 3 ß-hydoxysteroid dehydrogenase (HSD3B2) 
gene contribute substantially to the risk of prostate cancer particularly across racial/ethnic 
lines. The "candidate gene", HSD3B2, was chosen because the reaction substrate [i.e. 
dihydrotestosterone (DHT)] of the enzyme encoded by this gene modulates directly cell 
division in the prostate. Epidemiologie evidence suggests that variation in DHT levels 
play an important role in risk of prostate cancer. Thus, 3 ß-hydoxysteroid dehydrogenase 
activity encoded by HSD3B2 variant alleles may be important in regulating intraprostatic 
DHT steady state levels by controlling its degradation. This candidate gene encodes the 
enzyme that initiates the irreversible inactivation of DHT. 

Specifically, in this project we proposed to test, using a case-control study 
approach within a multi-ethnic cohort study design, the association between prostate 
cancer risk and its progression and HSD3B2 allelic variants among four major racial- 
ethnic groups. Our original three interrelated specific aims were: 



• To identify all allelic variants in the HSD3B2 locus by sequencing 200 men from four 
racial/ethnic groups (African-American, Japanese-American, Latino and Americans 
of European ancestry (Caucasian) men). 

• To determine the relationship between the HSD3B2 gene and prostate cancer by 
genotyping polymorphic DNA markers in the HSD3B2 gene in up to 800 men with 
prostate cancer and controls from four racial/ethnic groups who are at very different 
risks of prostate cancer. 

• To determine the in vitro biochemical properties of HSD3B2 variants identified in 
specific aims 1 and 2. 

Progress Report 

Pursuant to specific aim 1, we have sequenced in constitutional ("germline") 
DNA of 120 men with the following make-up: 30 from each of the four racial/ethnic 
groups (African-American, Asian-(Japanese-)American, Caucasian and Latino, the entire 
HSD3B2 gene. Half are prostate cancer cases, half are controls. Our sequencing has 
identified 17 additional polymorphisms that are highlighted above the gene in Fig. 1. 
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Figure 1: Newly discovered constitutional ("germline") SNPs in the HSD3B2 gene. 

In short, the HSD3B2 gene in humans is highly polymorphic and our work has 
uncovered significant unreported additional genetic variation. This specific aim is 
complete as of this year. 



We also identified a series of somatic mutations in tumor tissue in men with 
prostate cancer (Fig. 2). These de novo mutations are not present in constitutional DNA 
of the same individual. These mutations may be important in tumor progression. 

Somatic Missense Mutations 

N1485 
Him    \   T1«A 

v    /     LM7P 
ttttK    \ 

Y2i4C 

Figure 2: Somatic mutations in the HSDS3B2 gene. 

In order to advance specific aim 2 we have begun genotyping men for five SNPs 
iin the HSD3B2 gene: the D74N, E94Q, L236S and T366N constitutional DNA 
polymorphism that change amino acids and the T1362G SNP (cf. Fig. 1). Sample 
genotyping using a multiplex approach (MAPA: Multiplex Automated Primer Extension 
Analysis; developed in this lab) on an ABI3100 instrument is shown in Fig. 3. The 
genotyping is complete but the data analysis unfortunately identified no significant 
associations with prostate cancer (Table 1). However, small effects cannot be excluded at 
this point(due to the rarity of most SNPs which are generally below the 5 % frequency 
mark (Table 1). 

D74N E94Q T1362G      L236S T366N 

Figure 3: Sample MAPA genotyping of the HSD3B2 gene on an ABI3100 automated 
DNA sequencer. Only the last, T366N, SNP is polymorphic (heterozygous) in this 
sample. 



* 

Table 1 
MAPA Genotvoine of Prostate Cancer Cases and Controls 

HSD3B2 SNPs by case-control status. 
D74N DD        DN 
Controls 342 0 
Cases 367 2 

E94Q EE        EQ 
Controls 340 2 
Cases 366 3 

L236S LL         LS 
Controls 332 10 
Cases 360 9 

T1562G II        IG GG 
Controls 325 16          1 
Cases 357 12          0 

T366N II 
Controls 342 
Cases 369 

We have also made progress in specific aim 3 on the in vitro biochemistry on 
several fronts. We have reconstructed all five missense SNPs in constitutional DNA (cf. 
Fig. 1) and have begun to assay them along the normal cDNA. We expect to make 
significant progress in the final no cost extension year in this area. 

Finally, we have analyzed transcription of the HSD3B2 gene (Foti and Reichardt, 
2004). We found that YY1 binding in the first intron is important for proper transcription. 
The preprint of this paper is attached. 

Benchmarks 2004: 

Specific aim 1: Complete. 
Specific aim 2: Complete. 
Specific aim 3: Transcriptional studies are complete. Mutagenesis has also been 
completed. Biochemical assays have been initiated and are to proceed into the final no 
cost extension year. 

Key Research Accomplishments 

•    18 SNPs identified in constitutional DNA in the HSD3B2 gene. 
• 19 somatic ("de novo") mutations in the HSD3B2 gene identified. 



• MAPA genotyping for 5 SNPs in the HSD3B2 gene. 
• 5 SNPs are reconstructed in the HSD3B2 cDNA for in vitro analyses. 
• HSD3B2 transcription requires YY1. 

Reportable Outcomes 

One paper in press in J. Molec. Endocrin. (attached). 

Conclusions 

Significant progress toward all three specific aims was made in the past three 
years period. Furthermore, we plan to complete the third specific aim in the coming 12 
months of no cost extension. 

Our research may result in better presymtomatic diagnosis of prostate cancer and 
will lead to a better fundamental understanding of the HSD3B2 gene and its enzyme. 
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ABSTRACT 

The oxidation and isomerization of 3 -hydroxy-5-ene steroids into keto-4-ene steroids, a pivor||ggtep in 

the synthesis of all hormonal steroids, is catalyzed by several isoforms of Jk^Hfitocysteroid 

dehydrogenase isoforms. In humans, two highly homologous isoforms exist, t^P&exp^||ed by the 

HSD3B1 gene in peripheral tissues, and type II expressed by the HSD3B2 geneTfesreroidogenic organs. 

Previously, it was shown that the HSD3B1 gene 3 1-A element, encomp^slingcfl nucleotides of intron 1 

not perfectly conserved between the two genes and overlapping wigfS cgnsefv^TG box, contributes to 

maximal basal promoter activity by binding the ubiquitous andjaaide^Eed^' 1 -A transcription factor. In 

this study for the first time we report that similarly, the H^^E^ggfflttntron 1 is required for maximal 

basal promoter activity in reporter gene analyses, as^p^Äptr^l result in a 5 to 10 fold reduction in 

promoter activity. Mutational analysis in gel shift assSPEeyealed that the 3 1-A factor binds both the 

HSD3B2 and HSD3B1 gene intron 1 by readjrfflafenly 7 nucleotides of a conserved segment within the 

3 1-A element. By competition analvrfs am&ree Jranti-YYl antibody in both gel shift and western 

experiments, we identified the 3 l^S^m^n^the ubiquitous transcription factor YY1. In addition, we 

have characterized another simfflfijfy'l binlmg site differently located in respect of the 3 1-A element in 

both genes. Deletion analffl^ui transit transfections experiements have shown that contrarily to as 

previously shown fjUM^Ä)3Bl gene, YY1 binding to the type II 3 1-A element only results in a 

marginal reducti^&CfflfsaljMromoter activity. Instead, the second and inverted YY1 site, placed 35 base 

pairs down^reSii the^pF-A element, is a stronger activator, as its deletion alone results in a 50% 

decreas^f^^JJSÄB2 gene basal promoter activity. Complete abrogation of YY1 binding within type 

II imon 1 r^blted in a gene reporter activity identical to a reporter construct lacking the whole intron 1. 

designate YY1 as the factor responsible for the intron 1 mediated boost of the HSD3B2 

rbasal promoter activity. Similarities and dissimilarities between YY1 binding within the HSD3B1 

ari?THSD3B2 gene intron 1 are discussed involving the conserved intron 1 TG box, that suggests different 
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mechanisms are implicated in the YY1 mediated stimulation of these two genes basal projgpter 

transcription. 
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INTRODUCTION 

The enzyme 3 -Hydroxysteroid dehydrogenase (3 -HSD) catalyzes a fundamental step in the^Haihesis"' 

of all hormonal steroids in many tissues and organs (Labrie et al), which play a^fajciHIlQle in" the 

differentiation, development, growth, and physiological function of most human JÜOTk- Ii^Uso one of 

the two enzymes that start the degradation of dihydrotestosterone (DHT), meiffigFpöwerful androgen 

(Bartsch et al), thus affecting the availability of this hormone in the remlatiiHyof anaYogen responsive 

genes. Two isoforms are known in humans, type I and type II 3 JpöD^enCTfflfed by the HSD3B1 and 

HSD3B2 gene, respectively (Luu-The et al., Lachance et al. 199£LvSSvm£R al, Lachance et al. 1991). 

The two genes are closely linked on the short arm of chro^^ojffigffirforrison et al, Morissette et al), 

and both consist of 4 exons and 3 introns that hav^fflffllar^%gth and a high degree of homology 

(Lachance et al. 1991) (Fig.l). Type I and type II i^ftenzymes are differentially expressed, being 

type II activity mostly restricted to steroidogmrafejgans such as ovary, testis and adrenals (Rheaume et 

al, Lachance et al. 1991), while typejl island M many peripheral tissues, such as placenta, skin, 

mammary gland, and others (Luu-W&etjgx. Lachance et al. 1990, Lachance et al. 1991, and references 

therein). 

The importance oftyjMajb3 -HSB^tetivity in steroidogenesis is attested by the many gene mutations 

resulting in Congenital HfiSffin Hyperplasia (CAH), a term that encompasses several recessive autosomal 

disorders that sha^thaFompWe or partial deficiency of enzymes involved in corticosteroids synthesis 

(White 2001^©vine^ffiffil). In both males and females decreased mineralcorticoid secretion results in 

varying dej^gs ofjfflt wasting, from lethal to mild phenotypes, and may lead to female masculinization 

durjl^ fetal ^tevelopment. CAH due to 3 HSD type II deficiency may lead to a decrease in all classes of 

..steroiBllMSrones including sex hormones, causing pseudohermaphroditism in males due to gonadal 

lia (Simard et al. 1993, Mendonca et al. 1994, Simard et al 2002), and hirsutism, premature 

ärche and/or infertility in females (Eldar-Geva et al. 1990, Mendonca et al. 1994, Marui et al. 2000, 

j&3 -HSB$tci 
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Pang et al. 2002). Type II 3 -HSD enzyme has more recently acquired an active role in prostate cancer 

research (Ross et al. 1998). Androgens are important in the development and maintenar 

prostatic gland (Marker et al. 2003), and it is well documented that they play an importantiflbin the" 

etiology of prostate cancer (Ross et al. 1996, Bosland 2000). Circulating levels of tesj|jsjefllJ^ndT3HT 

are considered indicative of the risk of getting the disease (Gann et al. 1996). JfP§fore^|§j, ability of 

the 3 -HSD activity to degrade DHT has gained interest in the potential mutation^gKncfional sequence 

variants that may affect the overall enzyme performance, either byÄterifig the^nzyme catalytic 

properties or its expression levels. Interestingly, a study from Otäg etoiLT&$)2) has linked both the 

HSD3B1 and HSD3B2 gene with the susceptibility of sporadic and^^^tor^postate cancer. 

The recent discovery of a binding site for steroidogenic^toiJ|§||pr) at nucleotide -64 to -56 of the 

HSD3B2 gene promoter (Leers-Sucheta et al. 1997),j$flH^> no^anserved in the HSD3B1 gene, might 

explain the restricted expression of the HSD3B2 gene^^eroidogenic organs. SF-1 had indeed earlier 

been identified as a tissue-specific transcriptkfligfetor that regulates all the steroidogenic P-450 genes in 

the adrenal cortex and gonads (Morohajij^fekl 99® Lala et al. 1992). Interestingly, a study by Guerin 

et al. (1995) identified the 3 1-A dfmejya tmnscriptional activator located within the HSD3B1 gene 

intron 1 (Fig. 1) that is requirdEr reacn^gmaximal promoter activity in transient transfection assays 

This region, encompassinsÄMiuclec^^s protected in DNAse footprinting assay, was shown to strongly 

bind an unidentified ublfetoJny expressed nuclear protein named 3 1-A factor, whose molecular weight 

was estimated a^^J#a bv^TV-crosslinking experiments. Mutational analysis revealed that the 4 

guanines tharf^ at fl^#fend of the protected region, shared with an overlapping TG box (Fig. 1), are 

essential fdBiindin^f the 3 1-A factor to the 3 1-A element, and their mutation resulted in a 3 to 6 fold 

lowgexpressjon of a reporter gene. As Spl was found to bind the TG box very weakly, the 3 1-A 

proteirwsa^attributed a transactivator role. Stressing the importance of the 3 1-A element as a 

crrptional activator, Guerin and collaborators also showed that a double-stranded oligomer bearing 

trlffDNA sequence of the HSD3B1 gene 3  1-A element cloned in front of the mouse pl2 gene promoter 
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was able to stimulate transcription of the CAT reporter gene from to 2 to 5 fold in hujyian 

chorioncarcinoma JEG-3 and human adrenal cortex adenocarcinoma SW-13 cells, respectively. 

Because of the importance of the type II 3 -HSD activity in steroidogenesis, we were pr^^g|ed to" 

investigate whether or not the HSD3B2 gene intron 1 has any functional relevance, a^fai fnllfease oT the 

HSD3B1 gene. We here report that intron 1 is required by the upstream promoteypi^HSlßB2 gene to 

achieve the maximal level of transcription, as deletion analysis in transient tran3B||||ön assays in several 

cell lines revealed that removal of intron 1 results in 5 to 10 fold reductidSSTof UiSiferase' reporter activity. 

Despite mismatches in the region, we have ascertained the presence^ a^ l^ra^lement in the HSD3B2 

gene intron 1. Furthermore, we have identified the 3 1-A proffijri^Pe tHrmultifactorial transcription 

factor YY1 (Shi et al. 1997), and demonstrate that, in additifio^pggfA element, YY1 also recognizes 

a second binding site within intron 1, whose positiojfs^^cons^ved between the two genes. Through 

mutational analysis and co-expression of YY1 in tranftüjjtjon experiments, we have demonstrated that 

differently from the HSD3B1 gene, the typeJW^^. element alone has little effect as a transcriptional 

activator. Instead, the deletion of the a&onlkiYl^iding site, located in reverse orientation about 35 

base pairs downstream the 3 1-A effignflPedu^s the HSD3B2 gene basal promoter activity to half of its 

full potential. In addition, wejd&de evi^pce that Sp3 binds the TG box in the intron 1 of both genes 

and that the binding effic^J^s muc^higher for the type I TG box. We found the second YY1 binding 

site in the HSD3B1 ^ne^J^positioned at the 3' end of the TG box. In "in vitro" binding conditions, the 

presence of the ^^Kej^nfl^re in such a location appears to favor Sp3 competition for the TG box, thus 

explaining tirfitrongeiäjSp binding to type I intron 1. Although we have not investigated the functional 

relevance aBthoseMidings for the HSD3B1 gene, our results point to a role for YY1 in the basal 

expMsion d& 3 HSD activity, and suggest that different mechanisms may be involved in the 

laintenaBS^the HSD3B1 and HSD3B2 gene basal activity under experimental conditions, as discussed. 
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uman 

MATERIALS AND METHODS 

Plasmid constructions 

The human HSD3B2 5'-flanking and 5'-UTR (from -1265 to +193) was amplified bjggCÜ 

genomic DNA isolated from blood using the forwÄi| pfiffl^r 5'- 

CCGACGCGTTAATAAACATTTAAGCCAATAATAAAA-3' and the'fe|pir,rprimer 5'- 

GGGCTCGAGACCCAGAAGAGGGCTAAAAAC-3'. The amplification^o^ waslfigested with Mlu 

1 andXho 1 and cloned in/?GZJBasic (Promega) similarly digested^rTtakin^|i£5-HSD2(-1253/+193). 

To obtain the reporter plasmids used in the study, this construct^waPj^stejflmth Sac 1 and the resulting 

plasmid re-ligated to generate/>G£5-HSD2(-517/+193), QlfflSesyUjjjfjkMlu I mdPstll, filled in with 

Klenow at the 5'- end and re-ligated to generate^fei-H5B2(-217/+193). PlasmidpGL3-HSD2(- 

517/+23) was obtained by digesting /?GZ,3-HSD2(^m93) with Drd 1 and Xho 1, filling in with 

Klenow and re-ligating, to generate a similar^JS&ter construct without the intron 1 sequence. The insert 

nucleotide sequence was verified by auto'Äted üfev sequencing using the forward RV3 primer 5'- 

CTAGCAAAATAGGCTGTCCC -JgadPreve^GL2 primer 5'- CTTTATGTTTTTGGCGTCTTCC 

-3' from Promega, which respe^gely nrafefupstream and downstream to the pGL3Bask vector multiple 

cloning site. 

Site-directed mui 

Mutations w^CTntflgfitorfPlnto the reporter plasmids using the QuikChange Site-Directed Mutagenesis 

Kit (Stratdfene, LÄolla, CA) following the manufacturer's instructions and using the same mutant 

oligÄRers th& are represented in the figures that accompany this paper. Mutations were confirmed by 

DN^BtoQSPd sequencing (ABI PRISM 3100 Genetic Analyzer, Applied Biosystems). Each sequence- 

'. mutant insert was released with the appropriate cloning restriction endonucleases, and inserted 

► similarly digested pGL3Basic, to ensure the plasmid used in transfections did not carry any PCR 

induced nucleotide substitutions within the vector backbone. 
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Gel shift assays 

Crude nuclear extracts were prepared as previously described by Dent and Latchmarj 

Oligonucleotides for radiolabeled probes and competitor DNAs were obtained from lUffigogen' 

Corporation (Carlsbad, CA) and Integrated DNA Technologies (Coralville, IA). Apntoprffiypseand 

antisense strands were annealed in Tris 10 mM pH 8.0 by heating at 85 °C foj^fetaurAjuid slowly 

cooling down to 25 °C. Double-stranded oligomeric probes were 5' -end labele^ATP (5,000 

Ci/mmol) using T4 polynucleotide kinase (New England Biolabs, B^rljJPMAraccording to the 

manufacturer's instructions. Labeled oligomers were separat^^fromiBffieacted nucleotides by 

centrifugation through ProbeQuant G-50 Micro Columns (AmeighamligscMces. Piscataway, NJ). One, 

three or five micrograms of nuclear proteins were pn^mciÄgi«with 1 microgram of poly(dI- 

dC)poly(dl-dC) (Sigma-Aldrich, ) in 20    1 of bindjJ^fefer^EPES 20 mM pH 7.9, KCl 50 mM, 

MgCl2 5 mM, DTT 0.5 mM, and 4% glycerol) for 5lWates at room temperature. The labeled probes 

were then added (100,000 cpm, approximajg^ ü.T^fc ng) and complexes were allowed to form at room 

temperature for 15 minutes. The Jj#ding^aÄ>ns were loaded onto a 4.5% non-denaturing 

polyacrylamide gels containing 2£Ä^5ro^ld subjected to electrophoresis in 0.5 x TBE buffer at 17- 

20 mA for about 3 hours at r^ÄemperaWe. The gel was dried and either autoradiographed overnight 

with an intensified screen^^gposed trFa Storage Phosphor Screen (Amersham Biosciences, Piscataway, 

NJ) and analyzed ÄJÜr^^ORM 840 densitometer (Molecular Dynamics, Sunnyvale, CA). The 

specificity of prÄiJffiN.A^pmplexes was analyzed by including 100-fold molar excess of homologous 

or non-hoirtflögbus unified competitor DNA into the binding reactions during the pre-incubation step 

prior toadö^^offirobe. To identify nuclear factors that bind to the probes, 1 microliter of specific 

ant^dy (ra^t polyclonal anti-YYl, sc-1730; rabbit polyclonal anti-Sp3, sc-644 X; rabbit monoclonal 

ati-SpTprgg"420 X; anti-Sp2 , sc-643 X; Santa Cruz Biotechnology, Santa Cruz, CA) was incubated with 

ding mix for 1 hour at 4 °C before addition of the labeled oligomers. 
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"in vitro" Transcription/Translation Assay 

"in vitro" translated YY1 was obtained with the TNT T7/T3 Coupled Reticulocyte Lysate Sy$ 

Promega (Madison, WI). To obtain the template DNA plasmid, YY1 cDNA was released 

YY1 (gift of Dr. Shi, Harvard University) by digesting with BamHl mdKpn I restricjgon^ 

and cloned into pCMX-Ll vector similarly digested. The "in vitro" coupled trjUS^ptio^feanslation 

reaction was carried out following the manufacturer's instructions in presence^^PTWK Polymerase 

and 1   g of non-linearized template. 

Acrylamide capture of 3 2 oligomer-bound complexes 

Oligo A-3 2, the 3 2 upper strand oligonucleotide modififflgbvJBlulffijBP: of an Acrydite moiety (Mosaic 

Technologies, Waltham, MA) at its 5' prime was jjp!rrrfel fi^Integrated DNA Technologies, Inc. 

(Coralville, IA). The procedure was carried out as descnaS to Nelson et al. (31) with few modifications: 

1 M of A-3 2 oligo was annealed with the^fflfemount of the unmodified lower strand and incubated 

with 150 micrograms of SW-13 cell nuglear%jtractp 0.5 mg of LNCaP nuclear extract under the same 

binding conditions herein described^fctl^el^aift experiment (EMSA), scaling up the reaction volume 

accordingly to the amount ^j^tein^^F oli8omers- After 15 minutes of incubation, the duplex 

molecules were immobili^Bfc^acrvllfttie as previously described (29) in the 1 cm large wells of a non- 

denaturing 4.5 % acryRTOdrael (20 cm x 20 cm), and the unbound proteins were separated from the 

bound complexe^y eMBrophoTesis under the same conditions used for the EMSAs. The polyacrylamide 

fragments cdjSSlning^^ovalently linked A-3 2/protein complexes were excised, and the proteins 

recovered rmriturafflg the band in extraction buffer (Tris 50 mM pH. 7.5, SDS 0.1 %, EDTA 0.25 mM, 

andM5 % gteerol). Samples were kept under rotation overnight at 4 °C. The slurry was filtrated through 

JL 0.22^KljfRrafree-MC Centrifugal Filter Unit and concentrated by a Microcon Centrifugal Filter Device 

IpoTe Corporation, Bedford, MA). Typically, about 0.8 ml of extraction buffer was reduced to 50 

mSproliters. 
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Western blot analysis 

Protein concentrations were determined by the BioRad protein assay. 10 g of nuclear proteins; 

13 and LNCaP cells, and same amount of isolated A-3 2-bound proteins, along with 10 loffla.v//ro 

YY1 were diluted with 2x SDS loading buffer and loaded onto a 12% pre-cast GejIfeMäTilfinduränce 

acrylamide gels (ISC BioExpress). Proteins were transferred to Hybond-P P\JäfF^l|inslf5^nembrane 

(Amersham Pharmacia Biotech) by a semi-dry procedure. Blots were probed wHjUpie same polyclonal 

antiserum against YY1 (1:500) or against Sp3 (1:5000) used in the g^Kshifflexnerfments as primary 

antibodies, and horseradish peroxidase-conjugated goat anti-rabbij 

Bands were visualized using the Western Blotting Chemilumines 

secondary antibodies, 

eagent (Santa Cruz). 

Cell cultures and transfections 

All medium and sera were provided by Gibco BRL (LiRKchnology). SW-13 cells were grown in IMEM 

medium, and LNCaP cells in RPMI medium^B^upplemented with 10% certified fetal bovine serum 

(FBS), 2 mM glutamine, and 100 IU/nJ p^illii^id 100 g/ml of streptomycin. COS-7 cells were 

grown in DMEM medium supplem^id^ith^rFBS. Cells were maintained at 37 °C with 5% C02. 

Unless otherwise specified, 2^^rs befo^pransfection mammalian cells were seeded in 12-well plates 

in medium without antibyjjfej;sw^r3xl05 cells/well; COS-7, 8xl04 cells/well). Transfections were 

carried out by the Lfeofg^ffiine 2000 method (Invitrogen, Life Science) following the manufacturer's 

instructions ?mäGMnj&.   Aof DNA and 3   1 of LipofectAmine (1:1.5) per well. When tested alone, 

reporter plaffiids wereTSansfected at the concentration of 1.8   g/well bringing the DNA amount up to 2 

g "wijhmP^m^WpCMV Gal to monitor transfection efficiency. Co-transfection experiments with 

trarfeiptioripctor expression vectors were carried out with 1   g/well reporter and 0.5 or 1   g/well of 

gssiön plasmid, keeping the DNA amount constant by adding empty vector. Because of the 

scription factor interference with beta-galactosidase expression versus the control samples consisting 

ofthe reporter plasmid alone, no pCMV Gal was added in co-transfection experiments, and luciferase 
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activity was instead normalized for the protein content. Luciferase activity was measured for 20 seconds 

in a luminometer using the Luciferase Assay System (Promega Corporation, Madison, WI). 
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RESULTS 

The HSD3B2 gene intron 1 is required for sustaining the basal promoter activity 

It was previously shown that deletion of intron 1, but not exon 1, reduced the HSD3B1 tüle.. basal"1 

promoter activity from 3 to 6 fold (Guerin et al. 1995). To test whether intron 1 seque^jges^l^a similar 

role in the HSD3B2 gene basal promoter activity, a luciferase reporter constructJ^PIiiig tfüüISD3B2 5' 

flanking region from nucleotide -517 and the 5' untranslated region up to nT!ffi|j|päe"~T-193, pGL3- 

HSD2(-517/+193), was compared to a similar construct bearing affielelpn oTintron 1, pGL3- 

HSD2(517/+23), which are represented in Fig. 1 B. As intended als^Kr^stui»aiming at characterizing 

polymorphisms that occur within intron 1, which might affecUhe^ffiiruJor the intron, our promoter 

constructs encompassing the first intron include the cons^Ad^fejn&portion of the 3'splice junction 

with exon 2 up to 12 nucleotides (+182/+193).   ByJ^^^Seonfirmed that including the first 12 

nucleotides of exon 2 results in intron 1 being propew^)liced out in Cos-7 cells (result not shown). 

When the promoter activity of the fuIl-lengthftBrMruct and the deletion construct were compared upon 

transfection in several cell lines, it was evialrathat jX of intron 1 resulted in a 60% to 90% reduction of 

basal promoter activity, depending ^the^ll plunder examination (Fig. 2). In SW-13 cells, the only 

steroidogenic cell line we test^EGLJlfymi(5111+193) had the highest activity, and lack of the intron 

resulted in a 5 fold reductkabof luciremse expression. In the non-steroidogenic cell line Cos-7 the overall 

promoter activity was ffifo^rower, and the deletion construct residual basal activity accounted to only 

10% of activity tjffixlffingtn%nstruct (Fig 1 B). In LNCaP and PC-3 cells, the HSD3B2 gene promoter 

activity was^^forafcmÄ than seen in SW-13 cells, however the lower basal activity of pGL3- 

HSD2(517H23) wÄalso only 30 % the activity of/?GL5-517/+193 (not shown). The higher promoter 

actijffltym SW^T3cells, derived from a small-cell carcinoma of the adrenal cortex (Leibovitz et al. 1978) 

may^^^tmFuted to tissue specificity. The lower activity of the intron-less reporter construct in 

fetema^enic and not steroidogenic cell lines showed that intron 1 is required for maximal levels of 

HSp3B2 gene basal promoter activity and confirms that, similarly to the HSD3B1 gene, the mechanism 

involved is not strictly tissue-specific. 
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The HSD3B2 intron 1 contains a 3 1-A element 

To determine if a region with functional similarities to the HSD3B1 gene 3 1-A elements 

responsible for the stimulating effect intron 1 demonstrated in transfection experimentSjWeo^hpared' 

oligo 3 1, matching the 3 1-A element as previously explored (Guerin et al. 199^|f„wm^ligo 3 2 

matching the corresponding HSD3B2 gene intron 1 region in EMSA (electrophor^e^^bilit^hift assay) 

experiments. The results, shown in Fig. 2 A, indicated that both probes are^CT^^specrBcally shift a 

strong complex of identical electrophoretic mobility, and no other maioflEandSwere observed. The fact 

that 100 fold molar excess of unlabeled oligo 3 2, but not an^^o^pnEH^ng the Spl consensus, 

competed specifically the band formed by probe 3 1, and yi^e^^KOjpffmed that the same protein 

specifically binds both probes. Guerin et al. had previously^abffiliSSSh*e 3 1-A complex formation was 

dependent on the presence of zinc ions in the binding^pctÄis,zS&xt required the integrity of the stretch 

of 4 guanines shared by the 3 1-A element and TG box^ßy using the same criteria, we determined that 

the 3 1-A factor was the protein responsibJ^BW^identical mobility complex formed by the 3 1 and 

3 2 probes. Indeed, the complex was ^pre^tedj^ addition of the chelator EDTA at a concentration 

10 mM, (b) restored when 5 mM^n^^asÄftled to overcome the EDTA (Fig. 2B), and (c) a mutant 

oligo bearing a substitution dpfie^Gs to As (3 lm and 3 2m), was unable to shift the same complex 

when used as a probe (fl^ffie//, lane 4 and 6), as well as unable to compete when added at 100 fold 

molar excess (Fig.Jffl left^Qtäane). Moreover, the same complex was formed with either probe with the 

nuclear extract offlfflml ft^ 5 different cell lines, which complies with the ubiquity observed for the 

3 1-A proÄ. Thus^the*HSD3B2 gene intron 1 contains an imperfectly conserved 3 1-A element that is 

still atfSto KnJäSöe 3 1-A protein, or the 3 1-A protein only binds to a strictly conserved nucleotide 

i this cw-element. 
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Sp3 binds the TG boxes of type I and type II intron 1 with different efficiency 

The TG box overlapping with the 3 1-A element is conserved between type I and type 

however, the previous experiment failed to show significant Spl binding to both 3 1 and S^^robe," 

while in the earlier study a weak but more conspicuous Spl binding was observed ((ä|ifirin^|a/. 1995). 

While the previous study added at both extremities the unrelated sequence gcm^m proffi^consisted 

exclusively of nucleotides matching to the region of interest because of acuHejroTabeling strategy. 

Therefore, we reasoned the cause of our undetectable Spl binding could ^mheÄiorter sequence provided 

at the 3' end of our probe and that a probe encompassing more of JpFTfiLboHfe flanking region would 

provide a better spatial requirement for binding of Spl family meniD^Kodpoth type I and type II intron 

sequences, we designed an oligo encompassing less 5' flaj^mg^Jglg^des and more of the 3' flanking 

region when compared to the 3 1-A element of both j^Mwhile^aintaining the same length of 36 base 

pairs (Fig. 2 C). Despite lacking the first five upstrean^ßcleotides of the 3 1-A element, these oligos 

were still able to form the 3 1-A band in^rafcLexperiments. In addition, they formed 3 to 4 new 

complexes of slower electrophoretic mcjälitv5TOunbMd in Fig. 2 B after assigning number 1 to the 3 1- 

A band. This result matches the 4 tAs^^irafcly reported (Guerin et al. 1995), with the difference that 

the slower mobility band fornraft^the tyj^I intron 1 specific probe was remarkably more intense, and 

comparable if not superiorifÄhe 3 l^band (Fig. 2 B, left, first lane). This slower band appeared to be a 

doublet (named band 41raflfMb) and was efficiently competed by 100 fold molar excess of an Spl 

consensus contai^^j^onucleotide, which also competed for band 2. As expected, oligos 3 1 and 3 2 

only partiaH^DmpefBij|for band 4 and 2, while efficiently competed out band 1. Oligo 3 ISm and 

3 2Sm1_eacÄejrinRhe same substitution of the 4 Gs to As earlier analyzed in Fig. 1 A, not only did not 

conffiete roiUffomplex 1 as expected, but also for complex 2 and 4, indicating that both Spl-related and 

fig activities rely on the guanine stretch for optimal binding. These mutant oligos did compete 

complex forming band 3 of intermediate mobility between the Spl consensus competed bands. 

Such competition suggests a protein binding to the 3  1-A element in a region not involving the four 
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guanines forms the complex. The use of antibodies against Spl, Sp2 and Sp3 revealed that Sp3 

for two of the 4 complexes (Fig. 2 B, middle). Indeed, when Sp3 antibody was added to th 

reactions, band 4a, the lower and more conspicuous band of the doublet was abolished, along WM^and 2^ 

likely formed by the smaller Sp3 (73 kDa) alternative translation product ("Kennett^ aT^)97. Rüske 

1999). Addition of Spl antibody resulted in disappearance of the fainter upper bjp3|||a)^li£he doublet 

and only a weak supershift could occasionally be seen. Addition of Sp2 antiDP^^giad 1He~ same effect, 

with the difference that a slightly more intense supershifted band was sefifiTwitürnobiHty lower than Spl 

supershift. A stronger 4b band was seen when antibody against Sp3 iffias raieajmfcgesting that, as Sp3 has 

the strongest affinity for binding to the region, only when Sp3 isjrCT^fedi^ binding other factors can 

access the site. Surprisingly, the type II intron 1 TG box b^Kd^JMess efficiently, as demonstrated by 

less Sp3 shift when 3 2S oligo was used as a probe (^^fe. rtgfori. and by its partial ability to compete 

the doublet formed with labeled 3 IS (Fig. 2B, left, larMjTBy densitometry analysis we determined that 

Sp3 binds to the type II TG box 3 fold les^Btfetiie type I TG box (results not shown). The binding 

activity could be brought to the same^ctSifeas sjgf for the type I intron 1 when an oligo bearing a 

substitution A+138 to G (Fig. 2 C) ^g uffiB (not shown), which reproduces the 3' flanking region of the 

type I TG box. Despite the fagflEiat Sp2^$Hbody did result in disappearance of the faster band of the 

doublet, we cannot conchyjgjhat SpS^part of the observed complex, as anti-Sp2 antibody was able to 

supershift Spl protein ^teerfBd in Drosophila Schneider's cells (not shown), which do not express Spl 

family membersjjffls inffleatin^ross-reactivity. 

Mapping th&boundaries between 3 1-A and Sp3 binding activities 

Our WßalSrcsults indicated that 3  1-A and Sp3 binding to the 3  1-A element and TG box respectively 

Sally exclusive, as no lower mobility complex indicative of a protein-protein interaction could be 

\. Therefore, we were interested in creating mutants able to bind either the 3  1-A protein or Sp3 to be 
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able to discern the function of each of those two factors in relation to the HSD3B2 gene basal promoter 

activity upon transfection experiments. To precisely define how and at what extent the G}< 

shared between the apparently overlapping cw-elements, we used two mutant oligonuclec-Jdes^^LM 1 

changed the first two guanine of the G stretch to As, while oligo M2 changed the last' 

same way (Fig. 3 B). When used in EMSAs (Fig. 3 A, left), Ml was unable to bk 

band was unaffected. M2 bound Sp3 similarly to as seen with wild type 

sequence TGGGGT are 

two guanines are not 

severely diminished. This result indicates that the distal two guani 

essential for Sp3 binding, and not necessary for 3  1-A bindin 

required for Sp3 binding, but important for 3  1-A factor bindii 

Next we asked what is the contribution of the long stretcÄÄ&erffle's to 3 1-A factor binding, which 

accounts for as many as 8 and 6 residues in the HS^^l^B HSD3B2 gene, respectively. We disrupted 

the Aö sequence by changing the 5 adeninesjmmediare^ preceding the TG box to CCTTC (oligo 

3 2mS) and found that the substitution ^Spletelm>revents formation of the 3 1-A band (Fig. 3 A, 

middle, first lane) while unable to^^mAiy«$Htional complex. To determine what is the minimal 

number of adenines required fo^ptoi^^^r 1 -A binding activity, we created a series of 3 oligos that 

reinstate two, three and fourjffenu^agspectivery, and found that 4 adenines are required in front of the 

TG box to restore 3 1-^jnOTg activity to the type II intron 1 (Fig. 3 A, middle, lane 2, 3 and 4). Lack 

of competition wtimhe^S n^protein is likely the reason for the stronger Sp3 binding to these mutant 

oligomers, as^adn^fejthgne unknown protein that forms band 3, the complex of intermediate mobility 

between thüslower^fod faster Sp3 band, whose binding to the probe is dependent on the integrity of the 

At sfietcn (F^TTmiddle, all lanes lack this complex). We also tested a mutant oligo bearing a deletion of 

heTofeip'sequence,   T(G)4, which surprisingly abrogated formation of every band seen with the wild 

probe except for the 3  1-A band. In addition to the 3  1-A band,   T(G)4i M2 and all oligos bearing 
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mutations in the adenine stretch affected also formation of a faster band that appeared to be as 

the 3  1-A band, but whose intensity and/or formation was not constantly observed, as later discus 

Through this mutational analysis and considered that the 3 1-A protein is still able to recogml^probe' 

3 IS and 3 2S despite of their lacking 5 nucleotides of the 3 1-A element, we coul&coif^pa thai the 

3 1-A protein recognizes only a shorter segment of the 24 base pair element. It^8Sf|dee8$Hdent that 

the conserved sequence AAAATGG represents the core-binding region for tbsJ'^Rfactör, and that the 

Sp3 core-binding region is the sequence GGTGG. Therefore, the 3 l-/gjgrafTt and the TG box of the 

HSD3B2 and HSD3B1 gene appear to be flanking rather than ov^Sppufe cw*Hements. In light of this 

conclusion, oligo T(G)4 is still able to bind the 3 1-A factor^^use^of the deletion of the 4 Gs, 

the two required G residues are yet provided by the follo^in^^uence^ Sp3 binding, on the other hand, 

is no longer supported by this oligo, indicating thjgtheJtquence GGAGG is unable to functionally 

replace the sequence GGTGG. 

YY1 is the protein forming the 3 l^cojf I5lej 

The sequence AAAATGG, thadfcresenf^j^core-binding region of the 3 1-A factor, is almost identical 

to the UCR (upstream conajÄed regra^of the Moloney murine leukemia virus, which is known to bind 

the transcription factor^Sgip (Flanagan et ah 1992), later identified as the murine YY1 (Safrany & 

Perry 1993). UCB^hipt is^m> one of many consensus sites known to bind YY1 (Shi et al. 1997), all 

sharing thejpggri cö^aptif, was later found also in many other viral and cellular genes. The 3 1-A 

factor core^dingBgion matches the UCR nucleotide sequence 7 out of 9 nucleotides (Fig. 4). To find 

outgthe 3^A band is formed by YY1, an oligonucleotide containing the UCR element was tested in 

.EMS^SSPments in competition with the 3 2S probe. Addition of 100 fold molar excess of cold UCR 

rrSSuIted in the complete disappearance of the 3 1-A band formed with nuclear extract from three 

diferent cell lines (Fig. 4 A), suggesting that the factor binding to the 3 2S probe -and therefore 3 IS as 
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well as 3 1 and 3 2- is able to recognize the UCR element. The competition was specific, as thejßp3 

band was unaffected. Furthermore, when used as a probe, the UCR containing oligo formedje 

complex with the same identical electrophoretic mobility as the 3 1-A band (Fig. 4 B). Wheraygbbir 

polyclonal antibody directed against full-length YY1 was added to the binding reaciWsr^knation of 

both the 3 1-A band and the UCR band was lost and a complicated pattern ofamS^irteflbands was 

seen with both probes. These results suggest that the protein responsible_for^^3 1-A band is the 

transcription factor YY1 or a factor antigenically related to YY1. As Y^msk^vn as a 68 kDa protein, 

while the size of the 3 1-A factor was estimated to be 37 kDa by^ueri&ancr%Myorkers (Guerin et al. 

1995), we compared the size of the band shifted by labeled UCJkffiHgÄerirorn nuclear extracts with "in 

vitro" translated YY1. The "in vitro" transcribed and tran^fcd^fflB&om plasmidpCMX-YY1 in gel 

retardation assays did shift the UCR probe forming aÄn^Mpecn^ complex of the same mobility as the 

one observed with nuclear extracts (Fig. 5 A). Westerr^Rling analysis revealed that anti-YYl antibody 

-the same antibody used in our EMS As-, rad^BSj&la band of molecular weight slightly above 55 kDa 

for the "in vitro " ixanscribecVtranslate&^Y^fegtej|p(Fig. 5 B, lane 2) and nuclear extracts from both 

SW-13 (Fig. B A, lane 3) and LN^^TsJfijg. 5 B, lane 6) as well. This band was not formed in 

negative control reactions coimmng of mfn vitro" transcription/translation coupled reaction without 

template (Fig. 5 B, laneJäßfMs resvB^lndicated that the 3 1-A band formed by nuclear extracts with 

UCR, as well as 3 ^rmjbtä oligomers, correspond to full-length YY1 protein. In addition to the full- 

length band, antj^^j^ntibfldyrecognized also two additional bands of lower molecular weight. A band 

approximatgpwf 35 ra^ind another band around 30 kDa could be seen with both nuclear extract and 

TNT rabbit^jculoJIe lysate. To confirm that YY1 binds the 3 2 probe and that it can eventually be co- 

purgjipd frorAhe bound proteins as differently sized polypeptides, we have used a modification of the 

ethnology method for the isolation of DNA binding proteins recently proposed by Nelson et 

I). Briefly, proteins from SW-13 or LNCaP cell nuclear extracts were incubated in binding buffer 

wUR a 3 2 oligomer whose upper strand carried an Acrydite moiety at its 5' prime. Then the oligomer 
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was immobilized to acrylamide as described (Nelson et al.2002) and the unbound proteins were sepjjgated 

from the bound complexes by electrophoresis. An aliquot of a crude preparation, consisting of { 

concentrated 3 2-binding proteins from recovered acrylamide slices, reacted with anti-YYl 

Western Blots, forming three bands of the same molecular weight as obtained wit, 

extract proteins (Fig. 5 B, lane 5). Likely because of contaminants in these samrA^d'oTHjMoss-prone 

modification of the original method, the antibody recognized bands werejes^jjjghse tnan expected, 

particularly when compared with the bands from unbound nuclear protei^ffCoffiassie staining of an SDS 

gel of the same preparation revealed bands whose size were identiaP^o^heTÄ specific bands (Fig. 5 

C). In addition, an intense band of molecular weight intermediate ro|^aH|^9 kDa was also observed, 

that was not recognized by anti-YYl antibody. Sp3 aflB|odJ^topa rabbit polyclonal antiserum, 

recognized the proper Sp3 specific bands of 105 and^fflk, IraHfeiled to recognize the 30 and 35 kDa 

bands (Fig. 5 B, lane 8). These results indicate that atll^ffi different YY1 polypeptides were specifically 

recognized by anti-YYl antibody, correspondÄ|P|^ie full-length protein, and to two fragments of about 

35 and 30 kDa. They also indicate thatTmse Yffl polypeptides bind the 3 2 oligomer, which is 

consistent with the previously esdmatedysizeJjT the 3 1-A factor and is likely due to proteolytic 

degradation of YY1. 

Existence of a se^dWl stf&Within the HSD3B2 and HSD3B1 gene Intron 1 

Established JUSShe^BMee AAAATGG within the 3  1-A element binds YY1, as well as that YY1 and 

the 3 1-A ISstor arSdentical, we observed that a similar sequence is located in reverse orientation about 

35 j^cleotides downstream the TG box in the type II intron 1. Because of a substitution T/G, the site is 

jiot pefUJjgp&onserved in the type I intron 1 at the same location. However, thanks to another substitution 

icleotide +134, a variant of the sequence is placed immediately following the TG box in the type 

ipron (AAAATGAGG in type I, AAAATAAGG in type II). To verify whether or not these sequences 
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is in 

are able to bind YY1, we designed the oligos shown in Fig. 6 B and tested them in EMSAs. As shqwji in 

Fig. 6 A, the EMSA experiments confirmed the ability of YY1 to bind the HSD3B2 intron 1 35, 

downstream the 3 1-A element (oligo 147). YY1 recognized this oligo with an affinity 

than the efficiency exhibited by binding to the UCR and even to the 3 1-A element.' 

agreement with our finding that only the two proximal G residues are absolup^^qurf|||» for YY1 

binding within the 3 1-A element (Fig. 3). In accordance to these observJS™^toe~cbrresponding 

sequence in type I intron 1 is not able to bind YY1 because of its beai^Coiw3 out of the 4 required 

adenines. Oligo 125, matching the putative YY1 binding site layinsSrTth&ena^P the type I intron 1 TG 

box was able to bind YY1, however with much lower affinity, j^ulerlSsaffleregion in the type II intron 

was unable to bind this transcription factor, as expected^^ojffi|g|gpto the results of the mutational 

analysis shown in Fig. 3. This analysis revealed thatifi^^cop|^s the same sequence in two different 

regions within intron 1 of both the HSD3B1 and HSD^^genes. One site is conserved between the two 

genes for nucleotide sequence and location^Sfejt the 7 conserved nucleotides of the 3 1-A element 

immediately juxtaposed to the 5' prime^fIn^KrhJc; the second site differs between the two genes for 

location and orientation. In type I^orJrth||second YY1 site is a slight variant of the AAAATGG 

sequence located 8 nucleotide^^mstreiffiPthe 3 1-A element, immediately following the 3' prime of 

the TG box. In type II intEdJ^he seCTpl site lays in reverse orientation 35 base pair apart from the 3 1- 

A element. These findinlÄsaRurimarized in Fig. 6 C. 

YY1 enhances theJJSD3B2 gene basal promoter activity by binding to the two identified binding 

regions withih the gene intron 1 

JTo expwgWtfhether or not YY1 is functionally involved in the boost of basal promoter activity mediated 

3D3B2 gene intron 1, we over-expressed YY1 in presence of the same reporter constructs (Fig. 1 

ve earlier used to assess the functional relevance of the intron in transient transfection assays. As 
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shown in Fig. 7 (A), YY1 stimulated the full-length construct /?G£5-HSD2(-517/+193) in a^ose 

dependent manner up to about 4 fold, while it failed to stimulate the intron-less construct pGL 

517/+23). This result confirmed that YY1 is the effector of the trans-activation mediated by iTÄm 1 on' 

the gene basal promoter activity. To investigate the contribution of each of the two Y^bffiqJ^siteTwe 

had identified we proceeded comparing the activity of a wild type lucifeig|§fepon||kconstruct 

encompassing the HSD3B2 gene sequence from nucleotide -246 to nucleö^«^TO7pG;Z,i-HSD2(- 

246/+193), with identical constructs that were abrogated of YY1 bindir^Keiflilr the^ 1-A element or 

the distal site or both, by changing the 4 adenines required for its bJpOin&at^Bb sites. For this purpose, 

oligo B2mS (shown in Fig. 3) and its antisense were used to abolisli^mJ bJMaing in front of the TG box; 

an oligo identical to oligo 147 (shown in Fig. 6 B), excep^K hÄratiie 4 critical adenines changed to 

CCTT, was used to eliminate YY1 binding to the dista^P&byS^directed mutagenesis. In addition, we 

also tested a construct bearing the   T(G>4 deletion tha^Kinates the sequence TGGGG, thus preventing 

Sp3 binding but not YY1 binding (Fig. 3).Smn^W, inability of YY1 to bind its site within the 3 1-A 

element had little effect on the basal^bmorea^fflPity (Fig. 7 B). A similar effect was seen with the 

construct that bears a deletion ofi^fc^box^herefore, YY1 or Sp3 binding to the juxtaposed 3 1-A 

element and TG box do not npr^^majöTrole in the intron 1 mediated increase of the HSD3B2 gene 

basal promoter activityJiMfel, deletfon of the distal YY1 binding site resulted in a 50% decrease of 

basal activity. Comojfete a^^ation of YY1 binding within intron 1 resulted in a basal promoter activity 

that was only 3(ÄoJme wild type activity. Remarkably, this result reproduced the loss of activity seen 

with the primer consTSfct missing the whole intronic sequence and also it made evident that Sp3, or any 

other Sal nm&yipnbers, has no ability to direct the boost in basal activity through intron 1 of the 

HSM|32 gem Thus, the proximal YY1 site within the 3  1-A element and the distal YY1 binding site 

Btribute^) boost the HSD3B2 gene basal promoter activity. We observed the same effect in several cell 

IT including SW-13, Cos-7 and LNCaP cells. 
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DISCUSSION 

Despite the pivotal role of the 3 -Hydroxysteroid dehydrogenase type II enzyme in the biosyntlelisjrf all 

steroids, the molecular mechanisms that regulate the gene expression are yet to beJ^UyfeRderstood. 

Lately, important studies have been published concerning the significance of stero^^nic^öpr 1 in the 

HSD3B2 gene expression and its synergistic effect with phorbol ester (Leers-SuoBgigpf al.l'997), as well 

as its regulation by cytokines (Cote et al. 2000, Gingras et al. 2001), gojgBotjpnes (Feltus et al. 1999) 

and glucocorticoids (Feltus et al. 2002). However, ho study has in^tigatecr^^ role of intron 1 in the 

HSD3B2 gene basal activity so far, despite a previous finding that tif^Egh^Piomologous HSD3B1 gene 

requires the activating 3 1-A element within the first intrcaSo keffiahepbasal promoter activity to its full 

potential by binding the unknown 3 1-A factor. In^ffl^dy^^have shown that the HSD3B2 gene 

intron 1 is required to achieve maximal basal actr^^Uevels of the promoter region. Despite the 

suggestion that the HSD3B1 and HSD3B2^§teav not share the 3 1-A element (Guerin et al. 1995), 

we have proved the existence of such^cJÄtingjßement in the intron 1 of the HSD3B2 gene. More 

specifically, we have proved that ttöK MK pjWein binds to a conserved region of 7 nucleotides of the 

3 1-A element in both genes^ffiough a iqptational analysis that has ultimately helped us pinpointing 

similarities between the ^|^y>inding|core and the UCR core recognized by the multi role transcription 

factor YY1. We hav^, sliia#evidence that YY1 is indeed the protein binding "in vitro" to the 3 1-A 

element by complltliojHiBnalvsis'and use of anti-YYl antibody. 

YY1 fijppetfectly^pe' profile for being the 3  1-A factor, as it is ubiquitously and constitutively 

expressed (SqUg/ailF 997, Austen et al. 1997). It contains four zinc finger domains with homology to the 

GLmruppe#amily of proteins (Shi et al. 1991), thus explaining the 3  1-A protein requirement for zinc 

despite a predicted molecular weight of 44 kDa, YY1 is known to migrate as a 65-68 kDa 

SDS gels (Shi et al. 1997), whereas the 3  1-A factor was attributed a molecular weight of 37 

kDa by UV-crosslinking analysis (Guerin et al 1995). This apparent discrepancy can be explained by 
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recent findings that claim YY1 proteolytic mechanisms as part of degradation processes and even tissue- 

specific signal transduction pathways. Specifically, YY1 was shown to be the target of calpe^Ä^a 

mechanism aimed at downregulating YY1 protein during muscle development (Walowitz enl|y,998). 

which generates a 40 kDa polypeptide. Moreover, a nuclear cathepsin B-like protease^ctivl^appeärs to 

degrade YY1 (Pizzorno 2001) generating two fragments of about 30 and 4JPH, ä^Ugnomenon 

associated with the progression of undifferentiated to differentiated NT2 ce^^orT^atment with 

retinoic acid. In this case, the larger cleavage product, representing the ojRx^ermina'l portion of YY1 

containing the zinc-finger domain, was shown to bind the cognajÄM^Ife&ensus forming a faster 

complex in gel shift assays. Bovolenta et al. (1999) foundthE^&injffation of Interleukin 2 to 

individuals affected by HIV induced downregulation of Y^^rotJSa||upugh activation of an unidentified 

proteolytic activity, which resulted in appearance of a^R^Y^hand of unknown molecular weight in 

gel shift analysis. Interestingly, when YY1 was first is^ff for its ability to bind the UCR site, a 40 kDa 

antigenically related protein was co-purifiedjÄ^Becker et al. 1994) and found to account for much of 

the UCR binding activity in T-lymphocyt^tong -Mh YY1. In light of the latest findings, the 40 kDa 

protein could have been a truncated^n^Y^n^Vs a consequence of these observations, it cannot be 

excluded that in the previousJTO^ on^pSD3Bl gene (Guerin et al. 1995) during the procedures 

required for UV cross-linj||g anar^ a pre-existing truncated YY1 fragment was also isolated. In 

addition to the 37 kDa f^tf^fibuted to the 3  1-A protein, accordingly to Guerin and coworkers, the UV 

cross-linking ana^Ts jgMuceTWwo additional specific complexes that, once approximately corrected for 

the confributkjgjpt ffl^^fonucleotide, did yield molecular weight compatible with full-length YY1. In 

support of ^eaboiMuggestions, we did observe frequently but not constantly appearance of a band of 

fast#niobilihf in respect of the YY1/3 1-A band in our gel shift experiments, specific to both 3  IS/3 2S 

and OifesolSoes (Fig. 3, and seen also in Fig. 6). Formation of this faster band seems to be sensitive to 

?ntal slight changes of pH or ionic  strength that facilitate binding of pre-existing 

ors/fragments, and also it might be influenced by the nucleotides flanking the consensus, as our 
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deletion construct T(G)4 was able to form this faster complex at all times. In addition, use of antjjffYl 

antibody in gel shift experiment showed more than one supershifted band. We exclude, 

fragmentation occurred during the manipulation of the nuclear extracts and incubation^^Äe^ftiding 

reactions, because despite absence of protease inhibitors in our nuclear extracts, incublKm fflfeg. extract 

at 37° C for 1 hour before probe addition in EMSA binding reactions did noypvoi|§he äpfrearance of 

faster bands in control experiments that did not exhibit formation of those barj^iTHffieuntreated samples 

(not shown). Despite we cannot at this time explain their origin, neithef^|ej|pfgnificance in relation to 

the HSD3B2 gene basal activity, we have demonstrated that 2 baggf ofjPmiläTOiolecular weight to the 

previously identified YY1 fragments could be isolated fromj®£le^^o^^lexes bound to the 3 1-A 

element. The 35 kDa YY1 fragment could likely account fo^^Ä^Wf band previously attributed to the 

3 1-A factor. 

In addition to having characterized YY1 as the factor^^jng the 3 1-A element, we have identified a 

second YY1 binding site in both type I ajfi^rype^jkintrons. Indeed, a sequence 100% identical to the 

region we have found to bind YY1 wifflri thermoelement, and 80% identical to the UCR, was found 

to bind YY1 at the end of the HSB^a^ffi-on^Interestingly, this sequence is reversed in respect of the 

orientation of the identical sed^fe^withiriThe 3 1-A element. A weaker YY1 binding site was found at 

the 3' end of the TG bra^n^ HSD3B1 intron 1. This last finding might explain why Sp3 binds with 

better efficiency theA lS^Ke than the 3 2S probe. We could bring the band intensity formed by Sp3 

bound to 3 2S tiÄal^en^r the 3 IS probe when we changed the only nucleotide that differs between 

the type I affiTtype LLsequence. This one nucleotide mismatch in position +134, A in type II, G in type I, 

does nolsffeitosrogion strictly required for Sp3 binding (Fig. 2), neither is it part of a region that may 

repf||ent anrMer Spl/Sp3 binding site, as demonstrated by the fact that oligos 125 and 126 are unable to 

family members (Fig. 6 B). It is possible that a G instead of A at the 3' end of the Intron 1 TG 

rmay facilitate Sp3 binding to a region rich in As and Ts, by reducing or disrupting any intrinsic DNA 

structure. However, a more likely explanation is that in the fewer cases when YY1 is sitting onto the less 
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efficient site outside the 3 1-A element, Sp3 displaces it for binding to the TG box easier than ij|can 

displace YY1 bound to the stronger site within the 3 1-A element. Our findings suggest the£t!el^js 

playing a role in the HSD3B1 gene basal activity need to be further investigated, as the conclusioq|jgf the 

previous study were based on the analysis of a mutant that affected not only YY1 bi^jnj^^^e 3 1-A 

element but also Sp3. While the importance of Spl was disregarded in the previajpf^dy Bemuse of the 

weaker binding of this factor to the 3 1-A element flanking TG box, we haveJ^er^^^-oveJthe oligomer 

used in that study could not support proper Spl family member bindingÄndiElt Sp3 is the Spl family 

member that electively binds the region with intensity comparabJ^toAhe o^iplex formed by YY1. 

Nevertheless our results in mammalian cells did not evidence .amyö'^srJoB in the maintenance of the 

HSD3B2 gene basal activity, the different organization of t^kwÄfflHP^nding sites in respect of the TG 

box in the HSD3B1 gene intron 1, and the consequet}grnp^/eds|B competition for its site in "in vitro" 

experiments, suggest that Sp3 may have a different outcl^in the HSD3B1 gene basal promoter activity. 

The importance of the weaker YY1 binding stfÄ^ediately flanking the TG box at the 3' end also needs 

We have functionally characteriffityirmMirtance of YY1 in the intron 1 mediated enhancement of 

the HSD3B2 gene basal promdKactMff^issimilarly from the HSD3B1 gene (Guerin et al. 1995), 

disruption of the YY1 biiiffiBg site wiPlin the 3 1-A element did not result in a 3-6 fold reduction of 

promoter activity, an onraome that further contributes to make evident differences in the mechanism 

implicated in the^pic|Äi oflype I and type II intron 1. However, disrupting YY1 binding to the distal 

site with opötfSÜe oneranon resulted in a 50% decrease in basal promoter activity. When both sites were 

simultaneoralyeliimriated, the residual promoter activity was only 30% of the wild type promoter 

actifflty, a result functionally identical to the lack of the whole intronic sequence. As the two 35 base pairs 

^apart^^^Pnding regions have opposite orientation, and YY1 is known to induce DNA bending by 

its cognate sequence (Natesan & Gilman 1993, Kim & Shapiro 1996), one could speculate that 

binding to the two regions within the HSD3B2 intron 1 would induce formation of a loop which 
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might help binding and/or interaction of other factors involved in the HSD3B2 gene basal transcription. 

As it is known that TBP and TFIID require bending of the TATA box region for optimal bindinJ^E^toi 

et al. 1995), it is suggestive to hypothesize that YY1 binding to intron 1 would help maintainirMa,pNA 

conformation that facilitates the RNA polymerase complex formation onto the im^^c^^ATADOx 

(Lachance et al. 1991) of the HSD3B2 gene. Similarly to our study, Kerr e^E^9$mfound that 

extending the human bone sialoprotein gene promoter to include the first 6WI|i||BouaS of intron 1 

resulted in a 3 to 7 fold increase in reporter activity in UMR106-01 BP^^lljpntereSingly, the human 

bone sialoprotein gene possesses an inverted TATA box, and one l^^bindir^fee was found within the 

first 30 base pairs of intron 1. The explanation we suggest is mpre^mv inraescribe the mechanism of 

YY1 action through its binding sites in the HSD3B2 gene^roomfaratiier than YY1 acting by changing 

the DNA structure and/or chromatin organization by^^iilit^ä,recruit factors with intrinsic histone 

acetylase activity (Thomas & Seto 1999). Indeed^^iSfeliminary transfection experiments, 66 nM 

Trichostatin A, a drug known to inhibit hvsfafflBfcacetvlase thus boosting gene activity by favoring an 

open chromatin structure, did increase^tlreSbapl jHivity of the wild type and double YY1 deletion 

constructs at a similar extent (3 JÜ9) ilFtraiisfection experiments. This suggests that YY1 is not 

functioning at the intron 1 IeveyÄkvonrÄpstone acetylation. 

Taken together our results indicl^that the HSD3B2 gene intron 1 is required for maintaining the 

gene basal promoter aoEütv^ the highest levels observed in transfection experiments with a reporter 

system, and that Jffil jfrtheHj&or that mediates such effect by binding to two different regions within 

intron 1. As^ghav^teoJBentified YY1 to be the 3 1-A protein, the /rara-activator that was attributed a 

similar rolefjn the HÜP3B1 gene, this study points to a major role of YY1 in affecting the basal levels of 

3 -ifpSoxy^eröid dehydrogenase activity. Additional studies will be required to explore the mechanisms 

impligjfedfillpyYl contribution to the basal activity of both the HSD3B1 and HSD3B2 genes. 

^Important consideration arising from this study and the previous study on the HSD3B1 gene is 

tßfjmucleotide sequence variants occurring within the HSD3B1 and HSD3B2 gene intron 1 may result in 
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more or less profound changes in gene basal activity, and consequently they should not be excIudedjfi:om 

being characterized merely because of their occurrence within an intronic sequence. 

Lastly, nonetheless the importance of our findings in the contest of the native chromosffjlal gene" 

needs to be assessed, the information this study provides may be valuable for desigj^g^gjiteagene 

therapy strategies, and in particular strategies based on the employment of suicy^^es7a|lffifeHSD3B2 

gene offers an example of steroidogenic tissue-specific promoter that could be uffiiS^'loFYargeted gene 

therapy strategies designed for localized diseases such as ovarian, adrenal angtesSular cancer. 
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FIGURE LEGENDS 

Fig. 1: The HSD3B2 gene intron 1 is required for maximal promoter basal activity. A AllSiematic 

representation of the HSD3B2 gene organization and partial sequence alignment oMh(^|iD3BTand 

HSD3B2 intron 1 is shown. Open boxes indicate untranslated exon sequences a^Äj asTBfe,5' and 3' 

untranslated regions; solid boxes indicate the coding exons. Roman numbersiferory^lrch exon. The 

transcription initiation start in exon 1 is shown. In the sequence alignmmt. W nucleotides part of the 

control elements previously identified in the HSD3B1 gene intron JK61ar^feppped by a colored box 

and the name of each element is shown above each box. The^^ffioti^^ previously identified as 

protected in DNAse footprinting experiments are un^eflinenlflftmall letters evidence nucleotide 

differences between the two aligned sequences. Dotte^ffl^repl^ missing nucleotides. B SW-13 cells 

were seeded in 6-well plates at 6xl05 cells/well. After^^ours cells were transfected by Lipofectamine 

2000 with 3.5 g of pGL3-HSDB2(-517'/MJfliW luciferase reporter gene driven by the HSD3B2 

promoter region linked to the 5-UTR, SBan^athefist exon and intron 1, orpGZ-5-HSDB2(-517/+23), 

which lacks the intron 1 sequence, ^g!arjjpy a^cuTd in triplicate wells. Total DNA was kept at 5 g by 

addition of backbone vector andKratio D^^to lipofectamine of (1:2.5) was used. Cells were harvested 

48 hours later. The promQteaaetivity^reported as relative luciferase units (rlu) mean of 3 independent 

experiments. The stancTOyi^ations are shown. Cos-7 cells were seeded at 1.6xl05/well and similarly 

treated. The luti^?as|^porrer constructs are schematized next to their own activity bar. Negative 

numbers indjg$gf the^SjadrTucleotide of the HSD3B2 gene 5' flanking region included in the construct, 

positive niffihers idjltify the nucleotidic delimitation of the untranslated coding regions included in each 

conffiuct. Ogen boxes schematize untranslated coding regions. The transcription initiation start (+1) is 

shownilA^ignght bold line represent the intron 1 sequence, two interconnected lines indicate its deletion. 
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Fig. 2: Identification of a 3 1-A Element and TG box in the HSD3B2 gene Intron 1. A Left: E^MSA 

result obtained when 3 g of nuclear extract from the indicated cell lines were incubated with la 

oligo encompassing the HSD3B1 gene 3 1-A element, labeled oligo 3 2 encompassingth^|^D3B2' 

gene homologous region, and their mutants 3 lm and 3 2m bearing the substitutions ^jdjca^||g C. The 

complexes were resolved as indicated in "Materials and Methods". The names g^e1iIRpröbTf|£pecific to 

either type I or type II intron, and the competitor oligos used in the experimentSr^^Öicated. -, indicates 

no competition. A major band of identical electrophoretic mobility was ^^§0oy each wild type probe, 

which was specifically competed by 100 fold molar excess of the^SmjAinlabT|Jled oligo (self), but not 

competed by 100 fold molar excess of an oligo containing tJMWjpr^feggpus. The two mutant probes 

were not shifted, which indicates the protein binding to^^ ^gmSySe probes requires the Gs of the 

overlapping TG box, as established for the 3 1-A pro^TTO). Ifi^tt: to further verify the authenticity of 

the major complex as the 3 1-A protein, as well as itsTÄbjquity, 5 g of nuclear extracts from LNCaP 

cells were incubated with the 3 1 probe u^Peslfee of EDTA 10 mM, with and without 5 mM zinc 

chloride. The complex was not seen inArese^^pjEDTA. an ion chelator, while it was restored when 

Zn** was added to the EDTA contffinjroindjflg reaction. The competition with 100 fold molar excess 

cold 3 2 oligomer is also shra^^s furaieT evidence that the same protein binds both 3 1 and 3 2 

oligomers. B Left: EMS4Me?&lt obtained with oligo 3 IS that, in respect of 3 1 oligo, encompasses ten 

nucleotides at the 3>ena^f|?ne TG box, while it is depleted of the twelve 5'-flanking nucleotides, of 

which 5 are part^MhjP'1^element. Competitor oligos were used at 100 fold molar excess. Four major 

bands were^bserveaVra^bered 1 to 4 after assigning nr 1 to the 3 1-A band. Band 4 appeared to be a 

double^iriaHstedjiPla and 4b. Self-competition indicates the complexes forming each band are specific. 

01ig(!3 2Sll|mpeted all the bands but band 4a less efficiently. Oligo Spl efficiently competed band 2 

band 4, while it did not affect the 3 1-A band. Oligos 3 1 and 3 2 competed the 3 1-A 

but only weakly the Spl specific bands, as expected for their shorter 3' end sequence when 

mpared to the probe. The mutant 3  lm and 3 2m oligo were unable to compete any of the bands 
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except for the weaker complex forming band 3 (only 3 lm competition is shown). Middle: thejame 

amount of nuclear extracts as above were pre-incubated with anti- Spl, anti-Sp2 and anti-Sp3 aTOeqaies 

for 1 hour at 0° C, than added of probe and further incubated for 15 minutes at room temperatuK^Spl 

and Sp2 antibodies diminished the weak 4b band, and a faint supersfhit was seeÄk ^»lymtibody 

completely prevented formation of band 2 and band 4a. Right: comparison^^^ra 3 lisand 3 2S 

oligonucleotide binding ability. While the two oligos have the same affinitY-to^^E 1-A protein, they 

bind Sp3 with different efficiency. C The upper nucleotide sequence o^me aroomers employed in the 

study is shown. Oligos are aligned to center the shared regions engffiipa||ünglip 3 1-A element, which 

is evidenced by a line above the 3 1 oligo. The outlined nuclejatide inlB>3«md 3 IS refers to the single 

nucleotide mismatch existing in their 3' end that might affed!®i3Jpll]liPfbr the TG box. 

$ Fig. 3: Dissection of the 3 1-A element and TG boJ^Mhc HSD3B2 gene intron 1. A Left: EMSA 

result obtained with 5 g of nuclear extractiro^>^J 3 cells aimed at comparing the effect of nucleotide 

changes within the G4 stretch shared bwthe 3^feAJHement and TG box. The binding ability of mutants 

Ml and M2, shown in (B), is comfeu^^mhtprband pattern formed by oligo 3 2S. Ml, that changes the 

last two Gs to As, was unable^K D«$|gp3 while it could still bind the 3 1-A protein. M2, that replaces the 

first two Gs with two A^otfflbind Sp3 but its ability to bind the 3 1-A was severely reduced. Middle: 

EMSA result comOTma ffiSfetading ability of the wild type 3 2S probe with oligos bearing mutations 

that alter the stretcTiliLadTOnes in the type II 3 1-A element as shown in (B). The substitution A5 to 

CCTTC (3lbriS) cjlhpletely abolished formation of the 3 1-A band, while it did not form any extra 

conffifex. Mutant oligos A2 and A3, that restore 2 and 3 of the adenines in front of the TG box, were 

tejfekTtfflBpport 3 1-A protein binding, while addition of four adenines (A4) resulted in a fully restored 

JH-A complex. Right: Gel shift assay of oligo T(G)4, bearing a deletion of nucleotides from +125 to 

+129, was tested with nuclear extract from SW-13 cells. The deletion completely eliminated Sp3 binding 
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and did not affect 3 1-A protein binding. B The nucleotide sequence of the 3 2S oligonucleotide ajjd its 

mutants employed in the study is shown. Small letters reveal the mutated nucleotides. The nan 

oligo is indicated on the left side of each sequence. The sequence shown at the bottom summl^ss the' 

analysis results, with the minimal nucleotides required for 3 1-A factor binding shoj^d^in^^d capital 

letters, and the minimal nucleotides required for Sp3 binding showed in cursiv^p®al lelS^s. Dotted 

lines represent the flanking nucleotides not involved in direct binding. The^bur^^eacrToligo to bind 

YY1 and Sp3 is summarized. +, binding; -, no binding; +/-, partial binding^ 

Fig. 4: The 3 1-A protein is antigenically related to trans 

nuclear extracts from the indicated cell lines were pre-incul 

and UCR unlabelled oligomers for 10 minutes 

YY1. A EMSA: 3 g of 

ith 100 fold molar excess of self 

acra^ of 100,000 cpm of labeled 3 2S 

oligonucleotide. Complexes were allowed to form forHMminutes at room temperature, and the binding 

reactions were loaded on a 4.5% non-denatj^nfraytyacrylamide gel and subjected to electrophoresis to 

allow separation of the complexes fromtheTObouffl probe. The UCR-containing oligomer prevented 

formation of the 3 1-A band with WBjfiSißz efficiency observed for the 3 2S self-competition, while it 

did not affect Sp3 binding. M&» of nu^pear extracts from SW-13 cells were pre-incubated with and 

without 1 1 anti-YYl pcri|ftenal antWdy in binding buffer for 1 hour on ice. Then the reactions were 

added with either U£R^fe^2S labeled oligomers and further incubated at room temperature for 15 

minutes. UCR sejKompetition is shown in the far right lane to confirm band specificity. Both 3 2S and 

UCR probe^mfted ?S|p!rnpIex of identical electrophoretic mobility. In samples added of anti-YYl 

antibodyri (^fej|) $p band corresponding to the 3 1-A complex was supershifted, suggesting that YY1 

| factor are the same protein. The two arrows between the two gel shift results point to the 

''here shown as YY1. C The sequences of the oligomers encompassing the 3 1-A element 

. utilized in the experiment are shown. The region known to bind YY1 in the UCR probe, and the 
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homologous region in the 3 2S probe are shown in bold letters. The arrow indicates orientation g£the 

YY1 binding region as previously proposed. 

Fig. 5: The 3 1-A band corresponds to full-length YY1. A: 1    g ofpCAfä-YYl&BrSSfam plasmid 

was added to 50    1 of TNT rabbit reticulocytes cell-free lysates in presenc^^p^fenerase as 

described in Materials and Methods. Five   1 of the "in vitro " transcribed and^fraJISE^i product and same 

volume of a no-template reaction as negative control were incubated ffigejllii ft binding buffer with 

labeled UCR oligomer, with and without self-competition, and the^ectrgphof^e mobility of the bound 

probe was compared with the complexes obtained from 3   AgfSK^HI nuclear extracts in a gel 

retardation assay. The "in vitro" translated YY1 shifted thefcdpBI^enerating one specific complex, 

whose mobility was identical to the band observed^S^he Opt probe when reacted with nuclear 

extracts from SW-13 cells. B "in vitro" synthesizedH|Lwas compared with YY1 protein from cell 

nuclear extracts by western blot analysis^rfe^JO   1 TNT control reaction in presence of empty 

pCMX-Ll vector; lane 2, 10   1 of TNTAacti^nJtMY'-YYl; lane 3, 20   g of SW-13 nuclear extract; 

lane 4 and 7, molecular weight stafffi^WSag^ Cruz, sc-2031) recognized by the secondary antibody; 

lane 5, 20   1 of crude isoIate«^»3:2-boofB proteins from SW-13 cell nuclear extract; lane 6 and 8, 20 

g of nuclear extract frMdÄfCaP ceTO. Samples from lane 1 to 7 were treated with rabbit polyclonal 

anti-YYl antibody feeCf%|Rnst the full-length protein. The sample in lane 8 was treated with rabbit 

polyclonal anti-Sffadppod^directed against the carboxy terminus. C Comassie staining of 12% SDS 

acrylamideJpifL^/flqp'l of A-3 2-bound proteins isolated from 300   g of nuclear extracts from SW- 

13 cells:JUMtt^Mf the low range Biorad pre-stained SDS-PAGE standards are shown. Asterisks mark 

the ^Jskion t||he two bands recognized by anti-YYl antibody in the western blot experiments. 

xistence of a second YY1 binding site within the HSD3B1 and HSD3B2 gene Intron 1. A 

'SA experiment carried out with 5   g of SW-13 nuclear extracts and 100,000 cpm of each of the 
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oligomers indicated on top. Competition with 100 fold molar excess of UCR and Spl oligomers ijplso 

shown for the 3 2S probe. -, no competition. An arrow points at the YY1 formed band, previous, 

as 3  1-A band. B The double stranded sequence of the oligomers used in the study is shown. Tl^Wie of"' 

the mutant oligomers specifies the first and last nucleotide of the intron 1 sequence th&en^^^^(I), 

(II) identifies oligos matching to type I or type II introns, respectively. The YYl^bjptlg cöTUn the 3 1- 

A element shared by the 3  1 and 3 2 oligomers is shown first as a reference^wfM^tted fines replacing 

the 5' and 3' flanking nucleotides. The black arrow indicates orientation^theJpYl binding site. Dotted 

lines encase the putative YYl-like binding region in each oligomejio'r egsier^<|}uence comparison. The 

ability of each oligomer to bind YY1 is summarized. ++, strongghmdTily^fmding; +/-, weak binding; -, 

no binding. C Upper. A cartoon summarizes the different^f&ajpffillg'of the two YY1 binding sites in 

respect of the TG box in intron 1 of the HSD2B1 andill«K!H^ie. Solid and dashed boxes represent 

stronger and weaker YY1 binding respectively. An ororar filled square box represents the weaker or 

stronger binding of Sp3 to the TG box, respe^^A long and narrow rectangular box represents the 24 

nucleotides previously identified as te^fe^jflment in the HSD3B1 gene intron 1. A similar 

schematization is used to represent <fc^)erfeGtly conserved region in the HSD3B2 gene. Lower. The 

sequence alignment of the typdfcd typeHroitron 1 from nt +111 to nt +174 (type I) or to nt +173 (type 

II) shows the nucleotide dgBtegs invo^d in the formation of the second and not conserved YY1 binding 

site. Small letters idgnfW^^ nucleotide substitutions, dotted lines replace missing nucleotides. Bold 

letters outline th^ucj^fide^efsential for Sp3 binding. Arrowheads identify the nucleotides involved in 

YY1 bindinjpSh the^pSation of such binding. Bold solid arrowheads indicate strong binding, the bold 

open line a^gwheadjpdicate a weaker YY1 binding. 

JFig. Tffljgfctional analysis of YY1 in the HSD3B2 gene intron 1 mediated enhancement of basal 

fr activity (A) YY1 is responsible for the boost in promoter activity mediated by the HSD3B2 

1. SW-13 cells were plated at 3.2 x 105 cells per well in 12-well plates. Sixteen hours later cells 

Preprint of article accepted for Journal of Molecular Endocrinology. Copyright © 2004 Society for Endocrinology. A1 
Made available as an Accepted Preprint on 07/04/2004. 

Available online via www.endocrinology.org. 



were transfected as detailed in Materials and Methods with 0.5 g of/>GZJ-HSD2(-517/+193) and fijgZ-3- 

HSD2(-517/+23) reporter constructs, previously shown in Fig 1 B, in presence or absence of 0<| 

g ofpCMX-YYl, and the total amount of DNA was kept at 2 g per well by addition^^gCAflT 

backbone vector where necessary. Cells were harvested 24 hours after transfectionJfeBd^ö&promoter 

activity was measured as relative luciferase units (rlu). The result of a representatw^'^erifl^^is shown, 

with the promoter activity expressed as rlu mean of duplicate wells. The standar^^^iations are shown. 

Each experiment was repeated at least 3 times. The YY1 dose-dependen^|>psjJp basal promoter activity 

seen with pGL3-KSD2 (-517/+193) was lost when pGL3-RSD2 (-5^+2^ wl|§)sed, which lacks intron 

1. (B) Functional analysis of YY1 binding sites and TG box injhg cSBUxt JPthe HSD3B2 gene intron 1. 

The activity of luciferase reporter plasmid pG£i-HSD2(-2ffi+^P^JfgfBomnared with the activity of its 

deletion constructs that are represented in C. SW-13 oraü^fere nfesiently transfected as described above 

except no YY1 expression plasmid was added. (Craa&ematization of the nucleotide deletion and 

substitutions involved in the study: 1. /?GZ,3 j§pB|g^46/+193) parental vector; 2. The B2mS substitution 

changes A5 to CCTTC eliminating YT^inffi®g>iteJ& the 3 1-A element; 3. Deletion   T(G)4 eliminates 

Sp3 binding to the TG box without TO&Jng ^1 binding to the 3 1-A element; 4. Substitution of the 4 

adenines to CCTT prevents 3^ffltading"% the distal binding site; 5. YY1 binding to both sites was 

prevented by constructingjPmjle mutünt using the same nucleotide substitutions described in 2. and 4. 
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3ßl-A Element 

Typcl   +88     T -GCAGTgGTGGGGaCAcaJGAMgraCC 

Typell +88     TGGCAGTtGTGGGGtCAtgGAATtTTTG — tAAAAAATOilGTi 
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SW-13 

Probe: 3 1 3  Im       3 2 3  2m 

Competitor:    -    seif   SP1 

3 1-A 

Figure 2 A 
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B 
Probe: 

Antibody: 
Competitor: 

3 1 
3 lmut 
3 IS 
3 2 
3 2mut 
3 2S 

Fig.2B,C 

GGACACAGAATGTTTGC 
GGACACAGAATGTTTGC. 

TTTGQ, 
GGTCATGGAATT 
GGTCATGGAAT: 

SGGTGGAGGAA 
AGAGGAA 

IVTGTKGTGGAGGAAAAT GAGGCAT 
MGGGGTGGAGGAA 
MAAAAAAGAGGAA 
MGGGGTGGAGGAAAATAAGGCAT 

rCGGGGCGGGGCGAGC 
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Nuclear extract: 

Probe: 

SW-13 

B 

3 2S TTTTTGTAAAAAATGGGGTGGAGGAAAATAAGGCAT 
3 2mS TTTTTGTAccttcTGGGGTGGAGGAAAATAAGGCAT 
As TTTTTGTAcctAATGGGGTGGAGGAAAATAAGGCAT 
As TTTTTGTActAAATGGGGTGGAGGAAAATAAGGCAT 
A4 TTTTTGTAcAAAATGGGGTGGAGGAAAATAAGGCAT 
Ml TTTTTGTAAAAAATGGaaTGGAGGAAAATAAGGCAT 
M2 TTTTTGTAAAAAATaaGGTGGAGGAAAATAAGGCAT 
TG4        GGAATTTTTGTAAAAAA TGGAGGAAAATAAGGCATCTGC 

3 1-A Sp3 

+ + 
- + 
- + 
- + 
+ + 
+ - 

-/+ + 
+ - 

-AAAATGG GGTGG 

Fig. 3 
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3 2S 

UCR 

5'-TTTGCAA AAAATGGGG TGGAGGAAAATGAGGCAT  -3' 
3'-AAACGTT TTTTACCCC ACCTCCTTTTACTCCGTA  -5' 
 ► 

5'-CTGCAGTAA CGCCATTTT GCAAGGCAT -3' 
3'-GACGTCATT GCGGTAAAA CGTTCCGTA -5' 

Fig. 4 
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Probe: UCR 
1 —TNT             1 

1 &pCMX-YYl | 

SW-13 1                   1 
n.e. 

1, 
seil 

Fig. 5 

* 

* 

BiwMl 107 K 

■*"'90K 

Kutf 49.6 K 
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Probe: 

Competitor: ucr   Spl    _ 

GGTGGAGÖAAAATGAGGCATCTGCTG 
CCACCTcdTTTTACTCCJGTAGACGAC 

Fig. 6 A and B 
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L. ■? 

HSD3B1 Exonl 
3 1-A element 

Sp3 
YYl YY1 

HSD3B2 

^ 

Exonl 
^^ Exon2 I 

3  1-Aeled 2% J>             H 

jGGAGGAAAATgAGGCATCTGTgTGAGTaTATAACCATTTgACaTC     +174 +111      TGCAa? 

+111      TG—tA^^A^i^GGGTGGAGGAAAATaAGGCATCTG-cTGAGTgTATAACCATTTtACcTC  +173 

Fig. 6 C 
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