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Abstract

The novel heterodimeric glycoprotein hormone thyrostimulin consists of two unique subunits, A2 and B5. To understand its yet unknov
transcriptional regulation, we characterised the 3.1-kb immedidtariking region of the human A2 gene localised on chromosome 11g13. In
transient transfection assays this sequence exhibited promoter activity, which could be confined to nuelBd8des-347 relative to the ATG
start codon. Interestingly, this minimal promoter appeared to be non-tissue-specific. Deletional, mutational and gel shift analyses réatmled regu
elements that are essential for the regulation of the A2 gene expression. Another noteworthy feature of this gene is the presence of silencer eler
upstream and downstream of the promoter. To surmise, our results provide an initial step toward a detailed analysis of the underlying molec
mechanisms of the human thyrostimulin gene expression.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction contains two unique subunits A2 and B5 [recorded in GenBank
as glycoprotein hormone A2 (GPHA2) and glycoprotein hor-
Classically, the synthesis of thyroid-stimulating hormonemone beta 5 (GPHB5), respectively] that were identified in a
(TSH) in the anterior pituitary is stimulated by thyrotropin- homology search of the human genome. A2 is 35% identical
releasing hormone (TRH) produced in the hypothalamus. Irat an amino acid level to the common glycoprotehsubunit,
the thyroid, the binding of TSH to the G protein-coupled TSHwhereas B5 is approximately 30% identical to TBHFSH-
receptor (TSHR) facilitates the stimulation of adenylyl cyclase 8 or LH-B. Despite such modest similarity, they contain all of
thereby causing enhanced production of cAMRgsart and the cysteine residues required to form the characteristic cysteine
Dumont, 1992 The cAMP in turn activates further downstream knot structure found in the related glycoprotein hormone family
signalling leading eventually to the production of thyroid hor- members.
mones T, and T3. However, recent progress has implicated, The intriguing finding that purified thyrostimulin stimulated
albeit indirectly, a new pituitary hormone, thyrostimulin, in the cAMP production via the TSHR in cultured thyroid cells and
established view of thyroid axis. increased T levelsin TSH-suppressed rats in vilgkabayashi
TSH, follicle-stimulating hormone (FSH), luteinising hor- et al., 2002, raised the question about the functional signif-
mone (LH) and chorionic gonadotropin (CG) are members ofcance of this new hormonédkekubo et al. (20050escribed
the glycoprotein hormone family that consist of two subunits,two euthyroid patients with persistently undetectable levels of
thea- andp-subunits. The:-subunit is common to all members TSH, TSHR antibodies and thyroid stimulating antibodies but
of this family but theB-subunit is unique and confers specific with almost normal levels of free thyroid hormone. This study
biological activity to each heterodimeric protelBhupnik etal., suggested that an unknown factor, such as thyrostimulin, stimu-
1989. In 2002, a novel heterodimeric glycoprotein hormone,lated the thyroid. On the other hand, no apparent phenotype was
termed thyrostimulin, was discovered (Nakabayashi et al.). lfound in mice lacking the B5 gend/acdonald et al., 2005
indicating that the normal function of thyrostimulin remains

uncharacterised.
* Corresponding author. Tel.: +49 731 500 24306; fax: +49 731500 24745, [N this paper, we continue to Unravel_ th_e role of thy_rostlm-
E-mail address: ulrich.loos@medizin.uni-ulm.de (U. Loos). ulin by studying its yet unknown transcriptional regulation. To
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do so, we have cloned and functionally analysed the promoter afTCGAGGATCCGA-3 and 3-GCTGGCAAATAAAAGCCTGGACTCGAG-
the human A2 subunit in pituitary and non-pituitary cell lines. GATCCGA-3, respectively.

The gene for this subunit is located on chromosome 11g13 an
contains the ORF encoded by three exons. The latter exte T

d The substitution mutants were generated by a two-step PCR procedure using
erlapping inner primers with an incorporatécbRlI site that introduced a 6-
mutation. The outer forward and reverse primers contaihédd and 3

from nucleotides 37229 to 37331, 37518 to 37696 and 37813 1@, respectively. The two products were digested wiitaR| and ligated. The
37919, with the translational start site ATG positioned at 3722%urified ligation product was again subjected to PCR using the outer primers. The
nt. Our results provide an initial step toward a detailed analysigesulting product was cleaved witiiul andXhol and ligated into thé/ul and

of the underlying molecular mechanisms of the human thyros)_(hol sites of pGL3-Basic. To generate the mutations 1-14, the A2min construct

timulin gene expression.
2. Materials and methods

2.1. Plasmid construction

DNA fragment from the human thyrostimulin A2 subunitffanking region

was used as a template, with forward and reverse primers lisfEabie 1

Because regions-347/~37 and—1046/-506 appeared to down-regulate
the A2min plasmid, we set to analyse them for the presence of silencer ele-
ments. Designated s1 and s2, these regions were amplified frorB8ti9/37
clone with primer pairs containingkpnl (F: 5-CGAGATCGGTACC-
CTGGGGAGGGTCTGGGAATGT-3and R: 3-AAGAACTCGCCATCCC-
ACCTGGGTACCGATCCGA-3 for s1, F: B-CGAGATCGGTACCGTTCA-
AGACCACCATGGGCAA-3 and R: 5CTTCAGGCAGGGGAGGCTGGT-

(—3119 to—37, the A in the ATG initiation codon is designated as +1) was GGTACCGATCCGA-3 for s2). The products were inserted into tjen site
amplified from human brain genomic DNA (BioCat, Heidelberg, Germany) by of PGL3-Basic (resulting in s1-s-B [sense], s1-as-B [anti-sense], s2-s-B and s2-

PCR using the following primers: & TTGCAGCTCTCTCTTCCCGTTTS3
and R, 5-GTATTTAAAGAACTCGCCATCCCACCTG-3. It was inserted into

as-B), pGL3-Promoter (s1-u-s-P [upstream of the SV40 promoter]) (Promega),
s1-u-as-P, s2-u-s-P and s2-u-as-P) and A2min (s1-u-s-m [upstream of the A2min

the pCR-XL-TOPO vector (Invitrogen, Karlsruhe, Germany) and the resultingPromoter]), s1-u-as-m, s2-u-s-m and s2-u-as-m). The regions s1 and s2 were

construct was cleaved byiul and Xhol. After separation on agarose gel and

also cloned into thé/indlll site downstream of the SV40 and A2min promoters

purification using the QIAquick gel extraction kit (Qiagen, Hilden, Germany), of pPGL3-Promoter and A2min plasmids, respectively, using the same primers

the fragment that contains sequence fre®i119 to—37 was inserted into the

as above but with incorporategindlll. These constructs were called s1-d-s-P

luciferase reporter vector pGL3-Basic (Promega, Mannheim, Germany) usin{fownstream of the SV40 promoter), s1-d-as-P, s1-d-s-m (downstream of the

Mlul and Xhol sites. This construct was designated119/-37.
Progressively shorter’5prime truncations £2066/~37, —1586/37,

—1046/-37,—506/—37 and—373/—37) were generated using a PCR strategy

that employed-3119/-37 as a template, reverse prim&TAAAGAACTCG-
CCATCCCACCTQTCGAGGATCCGA-3 and forward primers with the
following sequences:’8SCGAGATCACGCGTCCTGGCAAACAAGGACCC-
AGGT-3, 5-CGAGATCACGCGTTTCTTGCTCAAGTGTAGTTTAGCACC-
ATGG-3, 5-CGAGATCACGCGTGTTCAAGACCACCATGGGCAACATG-
3, 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3and
5-CGAGATCACGCGTGTGAGCTCGCTGAGGCAGGAGGA-3 respective-
ly. They were designed with & Xhol (reverse primer) and’Mlul (forward
primers) (italicised) to facilitate subsequent cloning intoMiel and Xhol sites
of pGL3-Basic.

The fragments-540/—347,—1046/-347,—1586/347 and—2066/347

A2min promoter), s1-d-as-m, s2-d-s-P, s2-d-as-P, s2-d-s-m and s2-d-as-m.
All constructs were confirmed by sequence analysis.

2.2. Cell culture

The human embryonic kidney 293, human pancreatic carcinoma PANC-1
and MIA PaCa-2, mouse gonadotrepE3 and mouse thyrotropexIl'1 cell lines
were cultured in DMEM containing 10% FCS, 4.5 mg/ml glucose, 100 U/ml
penicillin and 0.1 mg/ml streptomycin (Gibco, Karlsruhe, Germany). TQEIT
cells were seeded on Matrigel-coated plates (BD Biosciences, Heidelberg, Ger-
many) which facilitated adhesion. Matrigel was diluted 20-fold with DMEM
before coating the plates and allowed to dry before plating cells. The mouse
mammary HC11 cells were maintained in DMEM supplemented with 10%
FBS, 100 U/ml penicillin, 0.1 mg/ml streptomycin (Gibcoy.8/ml insulin and

were constructed by the same method as described above (reverse primeg ng/mlrecombinant human epidermal growth factor (Sigma, Taufkirchen, Ger-

5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3 and forward
primers: 3-CGAGATCACGCGTGATCGCTCTGAGGCTTCAGGCAGG-3
5-CGAGATCACGCGTGTTCAAGACCACCATGGGCAACATG-3, 5-CG-
AGATCACGCGTTTCTTGCTCAAGTGTAGTTTAGCACCATGG-3 and 53-
CGAGATCACGCGTCCTGGCAAACAAGGACCCAGGT-3, respectively).
The minimal promoter (designated506/—347 or A2min for simplicity)
was cloned by PCR with-3119/-37 as a template, forward primer containing
Mlul (5’-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3
and reverse primer containingiol (5-CTCGCTGAGGCAGGAGGAGCT-
CTCGAGGATCCGA-3) and ligated into pGL3-Basic usiny/lul and Xhol

sites. The same strategy was exploited to prepare deletions of the A2min con-

struct, with the latter serving as a template in PCR. The primers fdefgtions
(—489/-347,—481/-347 and—468/-347) were as follows: reverse primer,
5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3and  forward
primers, 5CGAGATCACGCGTGAGGGCGTGGCTCCAAAATGCTG-3
5'-CGAGATCACGCGTGGCTCCAAAATGCTGGCAAT-3 and 3-CGAGA-
TCACGCGTTGGCAAATAAAAGCCTGGAGAGC-3, respectively. The
primers for 3-deletions (506/~357, —506/~373, —506/—383, —506/—393,
—506/-403, —506/~413,—-506/—423, —506/—433 and—506/-443) were as
follows: forward primer, 5CGAGATCACGCGTTTGAAAGCCGATCTCC-
AAGAGGGCGT-3 and reverse primers, BAAGTGGTGAGCTCGCTGAG-
GCACTCGAGGATCCGA-3, 5-TGTTCCTGGGCCTCGGAAGTEGTCGA-
GGATCCGA-3, 5-CAAGCCGCTCTGTTCCTGGGCTCGAGGATCCGA-
3, 5-AGGAAAACTGCAAGCCGCTCTCTCGAGGATCCGA-3, 5-GCAG-
GAGGCACAGGAAAACTGCCTCGAGGATCCGA-3, 5-CTGGAGACCA-
GCAGGAGGCACACTCGAGGATCCGA-3, 5-CAGCACCAAGCTGGAG-
ACCAGCCTCGAGGATCCGA-3, 5-CCTGGAGAGCCAGCACCAAGCT-

many). The rat somatolactotrope GH3 cell line was grown in MEM containing
15% FCS, 100 U/ml penicillin and 0.1 mg/ml streptomycin (Gibco). The rat
thyroid PC CI3 cells were cultured in Coon’s modified Ham'’s F-12 medium
(Biochrom, Berlin, Germany) supplemented with 5% CS (Gibco) and a six-
hormone mixture (1.5mU/ml TSH, 10g/ml insulin, 10 ng/ml somatostatin,

5 wg/ml transferrin, 3.6 ng/ml hydrocortisone and 10 ng/ml glycyistidyl-L-
lysine acetate; 6H medium) (Sigma).

2.3. Transfection and luciferase assay

GH3, aT3, TaT1, 293, PC CI3, HC11, PANC-1 or MIA PaCa-2 cells
were seeded onto 12-well plates. At ca. 70-85% confluence, 300 ng of plas-
mids were transfected into appropriate wells with the Effectene transfection
reagent (Qiagen). After 48 h, luciferase activity was determined using the Lumat
LB9501 luminometer (Berthold, Wildbad, Germany). For normalisation of the
luciferase activities the protein content was measured by the BioRad pro-
tein assay (BioRad, Munich, Germany). Three independent experiments, each
done in triplicate, were performed and gave similar results. Figures show the
mean of all experiments with error bars giving the standard deviation of the
mean.

2.4. Preparation of nuclear extracts and EMSA

Nuclear extracts from 293 and GH3 cells were made using the NE-PER kit
(Pierce, Bonn, Germany) as described by the manufacturer. For each preparation,
ca. 40 mg of cell paste was used. All procedures were carried odCat 4
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Mutation PCR  Forward primer Reverse primer
generated
la 5'-CGAGATCACGCGTGAGGCCTGGGCTGTGGGTAGCTT3 5-CTTCAGGCAGGGGAGGCTGGTTGAATTGATCCGA-3
ml 15 5-CGAGATCGAATTCCCGATCTCCAAGAGGGCGTGGC-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTGAATTCCCGATCTCCAAGAGG-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5-CGAGATCACGCGTGAGGCCTGGGCTGTGGGTAGCTT 3 5-GGGGAGGCTGGTTTGAAAGCCGGAATTGATCCGA-3
m2 1 5-CGAGATCGAATTCAAGAGGGCGTGGCTCCAAAATG-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGGAATTCAAGAGG-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5'-CGAGATCACGCGTGAGGCCTGGGCTGTGGGTAGCTT3 5-GGTTTGAAAGCCGATCTCCAAGGAATTGSATCCGA-3
m3 15 5-CGAGATCGAATTCTGGCTCCAAAATGCTGGCAAAT-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGGAA-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5-CGAGATCACGCGTGAGGCCTGGGCTGTGGGTAGCTT3 5-AGCCGATCTCCAAGAGGGCGTGGAATTGATCCGA-3
m4 15 5-CGAGATCGAATTCAAATGCTGGCAAATAAAAGCCT-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5-CGAGATCACGCGTGAGGCCTGGGCTGTGGGTAGCTT3 5-AGAGGGCGTGGCTCCAAAATGCGAATT@GATCCGA-3
m5 1 5-CGAGATCGAATTCATAAAAGCCTGGAGAGCCAGCA-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5'-CGAGATCACGCGTGAGGCCTGGGCTGTGGGTAGCTT3 5-TGGCTCCAAAATGCTGGCAAATGAATTCGATCCGA-3
m6 15 5-CGAGATCGAATTCCTGGAGAGCCAGCACCAAGCTG-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-83 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5-CGAGATCACGCGTGATCGCTCTGAGGCTTCAGGCAGG-3 5-AATGCTGGCAAATAAAAGCCTGGAATTCGATCCGA-3
m7 15 5-CGAGATCGAATTCCAGCACCAAGCTGGAGACCAGC-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5'-CGAGATCACGCGTGATCGCTCTGAGGCTTCAGGCAGG-3 5-AAAAGCCTGGAGAGCCAGCACCGAATTGSATCCGA-3
m8 15 5-CGAGATCGAATTCGAGACCAGCAGGAGGCACAGGA-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-83 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5'-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-ACCAAGCTGGAGACCAGCAGGAGAATTGSATCCGA-3
m9 1 5-CGAGATCGAATTCGGAAAACTGCAAGCCGCTCTGT-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-83 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-GAGGCACAGGAAAACTGCAAGCGAATTCGATCCGA-3
m10 15 5-CGAGATCGAATTCGTTCCTGGGCCTCGGAAGTGGT-3 5-TAAAGAACTCGCCATCCCACCTGTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-GGAAAACTGCAAGCCGCTCTGTGAATTGSATCCGA-3
mil 15 5-CGAGATCGAATTCGCCTCGGAAGTGGTGAGCTCGC-3 5'-TAAAGAACTCGCCATCCCACCTGACTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-83 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-CAAGCCGCTCTGTTCCTGGGCCGAATTGATCCGA-3
m12 1 5-CGAGATCGAATTCGTGGTGAGCTCGCTGAGGCAGG-3 5-TAAAGAACTCGCCATCCCACCTGACTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-83 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5'-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-CTGTTCCTGGGCCTCGGAAGTGGAATTGATCCGA-3
m13 15 5'-CGAGATCGAATTCTCGCTGAGGCAGGAGGAGCT-3 5'-TAAAGAACTCGCCATCCCACCTGTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-CTCGCTGAGGCAGGAGGAGCTTCGAGGATCCGA-3
la 5'-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-GGCCTCGGAAGTGGTGAGCTCGGAATTGATCCGA-3
ml14 15 5-CGAGATCGAATTCCAGGAGGAGCTCTGGGGAGGGT-3 5'-TAAAGAACTCGCCATCCCACCTGTCGAGGATCCGA-3
2 5-CGAGATCACGCGTTTGAAAGCCGATCTCCAAGAGGGCGT-3 5-GCTCGGAATTCCAGGAGGAGCTTCGAGGATCCGA-3

The mutations correspond to those listedrig. 3. The mutated nucleotides are underlined. The introdietland Xhol restriction sites are italicised. PCR 1la and

1b correspond to the two products generated by PCR 1.

The complementary oligonucleotides containing the wild-type or mutatedra, Gottingen, Germany) (45 s exposure), detected by chemiluminescence and
exposed to CL-Xposure X-ray film (Pierce) for 2 min. As a specific competitor,
4 pmol unlabeled wild-type oligonucleotide (200-fold excess) was used.

sequencesH{g. 4B) were labelled separately using the biotinehd DNA
labelling kit (Pierce) and then annealed.

Gel shift assays were performed using the LightShift chemiluminescent
EMSA kit (Pierce) according to manufacturer’s instructions. The binding reac-
tion consisted of 20 fmol labelled double-stranded oligonucleotide (wild-type2.5. RT-PCR
or mutatedFig. 4B) and 2ul nuclear extract in a total volume of 20. The

whole reaction was run on a 6% polyacrylamide gel and electrophoretically  Total RNA was isolated from GH3,T3, TaT1, 293, PC CI3, HC11, PANC-
transferred to a Biodyne B nylon membrane (Pierce). The transferred DNA wag and MIA PaCa-2 cells using the QIlAshredder and RNeasy mini spin column
cross-linked to membrane at 120 mJfonsing a UV-light cross-linker (Biome-  (Qiagen). A DNAse | RNAse-free treatment was performed to eliminate DNA
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contamination. Single-stranded oligo(dT)-primed cDNA was generated fromwith the strongest activation being detected for-tH&06/-347
250ng total RNA using Superscript Il reverse transcriptase (Invitrogen). PCRragment in 293 cells of 50-fold and in GH3 cells of 14.8-fold.
conditions were as follows: denaturation at°@5(1 min), annealing at 62C This indicated that the-506/—347 fragment contains the mini-
(305s) and extension at 72 (2 min) for 35 cycles. Primers for human, rat and

mouse thyrostimuline-subunit were F: 5SATCCCAGGCTGCCACTTGCAC-  Mal promoter. o ,

3, R: 5-TGTCGCCTCTCTCGCTACTAG-3 F: 5-ATCCCAGGCTGCCAC- To delineate the minimal promoter region, we performed
TTGCAC-3, R: 5-TGCCGTCTCTCCCGCTACTAG3and F: 5-ATCCCA- 5 and 3 deletions of the-506/~347 fragment. The 293 and
GGCTGCCACTTGCAC-§ R: 5-TGCCGTTTCTCCCGCTACTAG-3  GH3 cells were transfected with luciferase expression constructs
respectively; they produce an amplicon of 308 bp. Omission of the RT step 'e%ontaining each ofthe deleted promoters. Results of these exper-

to loss of the PCR products. Primers for the GAPDH gene wererifer, . . )
5-ACCACAGTCCATGCCATCAC-3 and 3 primer, 8-TCCACCACCCT- iments are shown iRig. 2 Deletion of sequence betweei®06

GTTGCTGTA-3 (BD Biosciences). The amplification yielded a 452bp DNA @nd—489 resulted in a 5.7-fold decrease in the activity in 293

product. cells and 6.2-fold in GH3 cells. On the other hand, when the
regions from—489 to —481 and from—481 to —468 were
2.6. In silico analysis deleted, the promoter activity was almost completely abolished

in both cell lines studied. From thé 8nd, deletion from-357
Analysis of the sequences for transcription factor binding sites was conto —347 resulted in a strong decrease in the activity of the
ducted with the_program Matlnspectqf;h_@andt et al., 1995and _AIiBaba2 —506/-347 fragment (11.1-f0|d in 293 cells and 13.9-fold in
ﬁiﬂihfgfﬁoﬁ?g the selected matrix library (vertebrate section) and optl-GH3 ceIIs). Curioqsly, fgr.ther deletion of extra 16 H{:{73 to
—347) reduced this inhibitory effect to only 2.7-fold and 1.2-
fold in 293 and GH3 cells, respectively. Further deletions from

3. Results —433 to—373 showed ca. two- to three-fold drop in the pro-
moter activity in both cell lines, leading us to conclude that the
3.1. Cloning and deletional analysis of the A2 subunit minimal promoter region for A2 gene lies between thB06
promoter and—347 nt. We designated this minimal promotes06/~347
or A2min.

The tentative transcription start site for the A2 gene was
determined by identifying the’®nd of the respective mRNA
(GenBank accession no. NM30769) and mapped te427nt  3.2. Substitution mutant analysis of the A2 subunit
relative to the ATG site. The amplified 3119/-37 genomic  promoter
DNA fragment of the A2 5flanking region was sub-cloned in
front of the luciferase reporter gene in the promoterless pGL3- Our next approach was to introduce a series of 6-bp substi-
Basic vector to analyse the A2 promoter activity in pituitary tution mutations across the region fronb06 to—347 nt. The
(GH3) and non-pituitary cell lines (293Fig. 1). The 3082bp mutations were introduced into the potential transcription factor
fragment, which contains the potential TATA box-a#62 to  binding sites predicted by Matlinspector and AliBaba2 analysis
—448 nt, showed only moderate promoter activity (2.5-fold in(Fig. 3A and B). All mutants were prepared in the context of
293 and 4.4-fold in GH3 cells), indicating the presence of negthe —506/~347 minimal promoter fragment and were placed
ative DNA regulatory elements. We performed incremental 5upstream of the luciferase reporter gene in pGL3-Basic. Each
deletions extending te-373 (Fig. 1). There was a similar over- mutant was compared to the wild-type promoter that was trans-
all decrease in activity between3119 and—373 in both cell  fected in parallel. The 293 and GH3 cells were transfected with
lines. However, when the region betwee73 and—37 was luciferase expression constructs containing each of the mutated
deleted, we observed a striking increase of the promoter activitpromoters, and the results are shownFig. 3C. The muta-

293 Cells GH3 Cells

-3119I 1-37
-2066] ]-37
886 —————_________1-37
-1046C———1-37
-506[——1-37
-3733-37

-506[1-347

-540C—1-347

-1046 —————1-347

186 1-347

-2066I ]1-347

!l[I LY
11!! I

o

10 20 30 40 50 600 10 20 30 40 50
Fold pGL3-Basic Fold pGL3-Basic

Fig. 1. Transient expression analysis of the A2 promoter activity. Luciferase reporter constructs containing various lengths of flenlki@gsregion were
transfected into 293 and GH3 cells. The constructs are represented schematically on the vertical axis. All numbering is relative to the AT@ sfdticddo
gene. The luciferase values were expressed as fold stimulation of the parent promoter-less vector pGL3-Basic, which was set to one, and repgr8senbea
three experiments done in triplicate. The absence of error bars indicates that the error was too small to display in these columns.
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293 Cells GH3 Cells

-5086! 1-347 ;
-506L 1-357 -
-5086! 1-373
-506L 1-383 |
-506I 1-393 1 1
-506C———————————1-403 !
-506————1-413 pe——
-506C—————1-423
-506C———1-433
-506C——-443 o
-4891 1-347 {
4811 1-347
-468! 1-347

LI

]

0 10 20 30 40 50 60 O 10 20 30 40 50
Fold pGL3-Basic Fold pGL3-Basic

Fig. 2. Transient expression analysis of the A2 promoter deletion constructs. The experimental design and the calculation of data were theFsgnie as for

tion of the first half of the putative Sp1 site (m3), the middle moter activities of 16.7-, 9.2-, 7.5-, 13.2- and 9-fold, respec-
of the TATA box (m6) and the TTF-1 site partially overlap- tively. The same mutations also decreased transcriptional activ-
ping the TATA box (m7) resulted in a profound decrease ofity in GH3 cells, although to a slightly lesser extent (by 16.3-,
activity of 25-, 16.7- and 4.3-fold in 293 cells and of 32.7-, 10.9-, 6.1-, 6.1- and 3.6-fold, respectively). The mutations m1
49- and 10.9-fold in GH3 cells, respectively. In contrast, the(mutated LSF site), m2 (mutated unknown adjacent region), m4
mutation of the NF-1 site (m8) lowered transcriptional activ- (mutated second half of the Sp1l site) and m5 (mutated Oct-
ity only slightly (by 1-fold in 293 cells and by 1.7-fold in 1 site) markedly lowered promoter activities by 3.8-, 2.6-, 3.3-
GHa3 cells), suggesting that this region does not contain a stimand 3.6-fold in 293 cells and by 3.6-, 3.6-, 2.8- and 4-fold in GH3
ulatory element. In 293 cells, five mutants m10, m11, m12cells. Strongly reduced promoter activity was observed with m9
m13 and m14 (which correspond to the mutated GAGA, two(mutated Pax-5 site) in GH3 (of 7.5-fold) but not in 293 cells
Ets, c-Myb and AP-1 sites) exhibited strongly reduced pro-(of 2.5-fold).
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Fig. 3. Luciferase activity of the A2 minimal promoter substitution mutants. The location of each mutation (dotted arrow with heads pointingérdmeptisns)
relative to the transcription start site (bent arrow) is schematically indicated. The TATA box is shaded in grey and the predicted transcoipbordiiagtsites
are boxed or underlined (A). The consensus transcription factor binding sites are schematically drawn (B). 293 and GH3 cells were transfeztadtaitbrth
constructs, with the mutated nucleotides marked by black boxes on the vertical axis (C). All numbering is relative to the ATG start codon of thEl&lgefease
values were expressed as fold stimulation of the parent promoter-less vector pGL3-Basic, which was set to one, and repre&seii roéthree experiments done
in triplicate. The absence of error bars indicates that the error was too small to display in these columns.
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Probe 1m2 GCTGGTTTGAAA
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-506 [TTGAARAGCOGEATCTCCARGAGGGCGTGGCTICCAARATGC Probe 2 ATCTCCHAGAGGGCGTGGCTICCAAAAT
Probe 1 5rob3 = Probe 2m  ATCTCCAAGGAATTGIGGCTCCAARAT
Oct-1  TATA  TTF-1 NF-1 Probe 3 ARATGATCGGCAAATARAAGCCTGGAGAGCICAGCACC
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Probe 3 Probe 3m2 AARTG, "GCTGGAGRGCCAGCACC
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- Pax-5 GAGA
-428 ACCAGCAGGAGGCACAGGARAACTGCAAGCCGCTCTETT Probe 4 CCAGCAGGAGGCACHGGAAAAC
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Ets Ets c-Myb AP-1 Probe 5
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CCAGGAGGAGCT

Fig. 4. Sequence of the wild type and mutated probes used in EMSA. The location of each probe (arrow with heads pointing in opposite directitws)helativ
transcription start site (bent arrow) is schematically indicated. The TATA box is shaded in grey and the predicted transcription factor béndiegbsixed or
underlined (A). The mutations are indicated by m (dotted box) (B).

3.3. Characterisation of the factors binding the and B). The incubation of 293 and GH3 extracts with probe
functionally relevant sites within the A2 subunit promoter 2 revealed two protein-DNA complexes 2a and 2b, though the
latter was much more intense in 293 extrakig(5). Three com-

To further assess whether the putative elements revealgaexes 3a, 3b and 3c were detected when nuclear extracts from
by an in silico analysis and transient transfection assays weitlgoth cells types were incubated with probe 3. Here, the com-
functional, we performed EMSAs with 293 and GH3 nuclearplexes 3a and 3b also appeared more abundant in 293 extracts.
extracts. A series of double-stranded biotin-labelled oligonuProbe 4 yielded a single complex 4a, which, again, was more
cleotide probes were generated by PCR amplificatitg. @A intense in 293 extracts. The shift pattern observed with probe
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Fig. 5. EMSA shows complexes formed on the wild type and mutated probes in nuclear extracts from 293 and GH3 cells. Probes nunihigrddeassiry second
reaction contained unlabeled competitor (u) in 200-fold excess as diagrammed on top of each gel. The shifted complexes and free probe (F) dreamarked wi
at the left.
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5 (complexes 5a, 5b, 5¢ and 5d) was similar to that obtainetive regulatory elements. The fragments s1 and s2 were placed
with probe 3, except that an added low-intensity complex 5dn both orientations upstream and downstream of the minimal
was formed in extracts from 293 cells. Furthermore, complexepromoter of the A2min plasmid. Similarly, the same fragments
5a and 5c were far more abundant in extracts from 293 cellgrere placed in both directions upstream and downstream of the
compared to those in GH3 extracts. One complex was formed c8V40 promoter of the pGL3-Promoter vector. These fragments
probe 1, whereas probe 6 resulted in the formation of three conwere also cloned in both orientations into the promoterless vec-
plexes in extracts from both cell lines tested (data not shown).tor pGL3-Basic. The resulting plasmids were transfected into
In competition experiments, 200-fold excess of unlabeledituitary (GH3) and non-pituitary cells (293) and their activities
probes 1-6 abolished all complex formation in nuclear extractsompared with the activity of the corresponding parent plasmids.
from both cell lines, with an exception of 293 extracts where The fragment sl fused to pGL3-Basic (s1-s-B [sense]and s1-
complexes 3b and 3c were strongly reducei) (5. We next  as-B [anti-sense]) markedly suppressed the basal transcription
prepared biotin-labelled probes containing mutated potentiahediated by pGL3-Basic in both cell lingsi§. 6). When s1 was
transcription factor binding sites (that eliminated promoter func-cloned upstream of the respective promoters of the A2min (s1-u-
tion in luciferase assaybijgs. 3A and 4Bto see if the observed s-m and s1-u-as-m) and pGL3-Promoter (s1-u-s-P and s1-u-as-
complexes involve the mutated nucleotides. The equal amount®), a strong inhibitory effect was observed in 293 (4- and 2.3-fold
of the mutated and wild-type probes (20 fmol) were used to makef A2min, 4- and 44-fold of pGL3-Promoter). The decrease was
sure that they possess similar specific activity. As a result, in 298ven stronger in GH3 cells (4- and 8-fold of A2min, 32- and
extracts the formation of complex 5b was abolished on probeS11-fold of pGL3-Promoter). Strikingly, the placement of the
5m1l and 5m3 and in GH3 extracts two complexes 3b and 5bame fragment downstream of the respective promoters of the
were eradicated on the corresponding probes 3m1, 3m2, 3m32min (s1-d-s-m and s1-d-as-m) and pGL3-Promoter (s1-d-s-P
5m1, 5m2 and 5m3Kig. 5. The abundance of the following and sl1-d-as-P) resulted in a nearly complete abolishment of the
complexes was diminished: complex 3b formed on probes 3mfranscription of these reporter genes in both cell lines studied.
and 3m3, complex 5d on 5m1, 5m2 and 5m3 (293 extracts) and We further examined how the fragment s2 altered the activ-
complex 4a on 4m (GHS3 extracts). With regard to the remainity of parent reporter plasmids. No transcriptional activity was
ing few complexes, we found their formation unaffected on thedemonstrable in either cell line when s2 was fused to pGL3-

mutated probes (data not shown). Basic (s2-s-B and s2-as-BFif). 7). The placement of s2
upstream of the minimal promoter of the A2min plasmid (s2-u-

3.4. Characterisation of the upstream and downstream s-m and s2-u-as-m) only moderately suppressed the activity (by

candidate silencer elements of the A2 subunit promoter 2.4- and 3.3-fold in 293 cells and by 2- and 5-fold in GH3 cells).

However, when s2 was cloned upstream of the SV40 promoter

The observation that regions347/—~37 (s1, downstream of of the pGL3-Promoter (s2-u-s-P and s2-u-as-P), the activity was
the minimal promoter) and-1046/-506 (s2, upstream of the reduced more efficiently by 3.5- and 5.7-fold in 293 cells and
minimal promoter) reduced the activity of the minimal promoterby 8.2- and 23-fold in GH3 cells. As in the case of s1, the posi-
led us to next test them for the presence of silencer or negdioning of s2 downstream of the respective promoters of the
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Fig. 6. Region sl represses transcription from native and heterologous promoters in a position- and orientation-independent manner. TaitiesdliTiferase
values after transfection into 293 and GH3 cells represent seaD. of three experiments done in triplicate. The absence of error bars indicates that the error was
too small to display in these columns. The constructs are drawn schematically on the vertical axis, with the A2 minimal promoter designated as A2min.
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Fig. 7. Region s2 represses transcription from native and heterologous promoters in a position- and orientation-independent manner. Thal elgségimemd
the calculation of data were the same asHiy. 6.

A2min (s2-d-s-m and s2-d-as-m) and pGL3-Promoter (s2-d-s-Ry to a rather short stretch of DNA betweerb06 and—347.
and s2-d-as-P) resulted in an almost complete abrogation of th&fe next subjected it to further deletions from both ends of the

promoter activity of these genes. molecule. The results of this deletional analysis provided direct
evidence that the region from506 to—347 indeed represents

3.5. Comparative analysis of the A2 subunit promoter in the minimal sequence which supports full activity. For simplic-

different cell types ity, we have termed this minimal promoter A2min. Moreover,

We first examined the expression of A2 in diverse cell lines
by the RT-PCR analysis. As shownHig. 8A, the A2 transcript (A)
consistent with an expected size of 308 bp was found in 293,
GH3, HC11, PANC-1, MIA PaCa-2T3 and TaT1 cell lines,

butwas notdetected in PC CI3 cells. The pituitary cell lines GH3, e -~ wes
aT3 and TaT1 showed the highest expression of A2. After that,

the above eight cell lines were transiently transfected with the GAPDH |

A2min plasmid to elucidate cell-specific regulation of the A2
gene Fig. 8B). We were able to demonstrate strong promoter

PANC-1
MIA PaCa-2

293
GH3
HC11
PC CI3
oT3
ToT1

=

activity in all cell lines, the former being at its highest in 293 293

cells. GH3
HC11

4. Discussion BANG-1

Although much is currently known about the glycoprotein Mlks Patare

| ———
hormonea-subunit transcription, nothing is known about the PCCI3 ——
transcriptional regulation of the thyrostimulin A2 subunit. In an oT3 —
effort to explore how A2 expression is regulated transcription- 1,14
ally, the B-flanking region of the A2 gene extending frer3119 T ' - , .
to —37nt relative to the ATG initiation codon was fused to 20 40 20 60
luciferase reporter gene in the promoter-less vector pGL3-Basic. Fold pGL3-Basic
This fragment contained the putative transcription initiation siterig. 8. Expression of A2 and luciferase activity of its minimal promoter in
at—427 ntrelative to the ATG and an AT-rich sequence that wasarious cell lines. (A) RT-PCR analysis of A2 transcript in 293, GH3, HC11,
likely to function as a TATA box at-462 to—448nt. Follow-  PANC-1, MIA PaCa-2, PC Cl3aT3 and TaT1 cells. Amplification of the
ing transfection into human embryonic kidney 293 and pitui'[al’)/:’APDH message levels reflected differences in cDNA loading. (B) Transient

. expression analysis of the A2 promoter activity in aforementioned cells. The
rat somatolactotrope GH3 cell lines, the 3082-bp fragment Waﬁlciferase values were expressed as fold stimulation of the parent promoter-less

found to exhibit promoter activity in both cell types. By using a vector pGL3-Basic, which was set to one, and represent t&@p. of three
series of deletion constructs we were able to confine this activexperiments done in triplicate.
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deletional analysis revealed that the sequence betwé&f®  for Spl was in accord with data obtained by employing dele-
and —468 appears essential for A2min activity. We also notetional analysis, where the Sp1-containing region freB06 to
a curious behaviour. In the three cell lines studied, deletion-468 appeared essential. Abolition of promoter activity of mé
of sequence from-357 to —347 inhibited promoter activity was caused by the mutation of the central part of the TATA
almost completely, however, further removal of nucleotides fronbox, while the near inhibition of m7 activity can be due either
—373t0—357 restored this activity to ca. two-fold of wild-type. to the mutated TTF-1 motif overlapping with the TATA box or
According to the in silico analysis, the region betweeB57  to the mutated last two bases of the TATA box. The promoter
and—347 contains the half site for the transcription factor AP-1,was down-regulated relatively strongly by mutations of the puta-
whereas the region from373 to—357 contains the other AP-1 tive binding sites for the Late SV40 Factor (LSF) (m1), region
half site, an adjacent c-Myb binding motif and the half site foradjacent to the LSF site (m2, unidentified by in silico analysis),
the Ets factor. Essentially, the c-Myb transcription factor is com-second half of the Sp1 site (m4), Oct-1 factor (m5) and Ets fac-
posed of three functional domains responsible for DNA bindingtors (m11 and m12) in the above cell types. Of these factors,
transcriptional activation and negative regulatiGo(da, 1998  LSF has been suggested to play a role in the regulation of cell
It seems possible, therefore, that the simplest explanation of theycle progression and cell survivdtdwell et al., 2000; Bruni
aforementioned behaviour is masking of the c-Myb negativeet al., 2002, however, LSF-regulated genes have not yet been
regulatory domain (NRD) by the Jun and Fos proteins bindingdentified. Similarly, the Ets gene family has been implicated in
to their AP-1 site in A2min (nucleotides506 to—347). This  avariety of biological pathways that regulate cell growth, differ-
is further supported by the observation that the NRD containgntiation and apoptosis, but no clear unifying theme has emerged
a leucine zipper-like motif§iedenkapp et al., 1988Because (Sharrocks, 2001 Sp1 is a known regulator of gene expression
leucine zippers generally mediate protein-protein interactionspf multiple target genes, which acts through the GC-box or GT-
it seems likely that the Myb leucine zipper promotes associatiothox elements in the promoter/enhancers (Li et al., 2@w0
between c-Myb and another protein which inhibits Myb functionand Meng, 20056 Protein Oct-1, which is probably contained
(Tavner et al., 1998 The silencing of the activity of A2min by in all proliferating eukaryotic cells, controls numerous house-
the removal of base pairs from357 to—347 could be caused keeping and tissue-specific genes. The latter include the genes
by the disturbed binding of Jun and Fos that frees the c-Mylor gonadoliberin Chandran et al., 1999prolactin {/oss et al.,
NRD, thereby rendering it functional. Such repression might bed991), TSH (Pruijn et al., 1988 TTF-1 Bingle and Gowan,
overcome by the deletion from373 to —357 that eliminates 1996 and Pit-1 Delhase et al., 1996t therefore seems plausi-
the c-Myb NRD leading to increased trans-activation, consistertble that these ubiquitously expressed transcription factors may
with previous reports that the truncation of this domain from c-regulate A2 gene expression. In case where the Pax-5 motif was
Myb markedly increases its transcriptional activation capacitymutated (m9), the promoter activity was profoundly diminished
(Kalkbrenner et al., 1990; Sakura et al., 1989 only in GH3 cell line. It seems reasonable to suspect that in 293
We also accessed the tissue specificity of A2min by testingells the additional, not yet mutated, nucleotides are involved
its activity in the A2-producing mouse thyrotropaeT1, mouse in Pax-5 binding. Since there was almost no effect on the activ-
gonadotropexT3, mouse mammary HC11, human pancreaticity when the binding motif for Nuclear Factor-1 (NF-1) was
carcinoma PANC-1 and MIA PaCa-2 cells and the A2-non-mutated, it is difficult to ascertain whether this site corresponds
producing rat thyroid PC CI3 cell line, in addition to the A2- to authentic control element. To investigate the possibility of the
producing 293 and GH3 cells. As aresult, A2Zminwas found to béNF-1 activity being redundant with the activities of the neigh-
very active in transient transfections in all cell lines tested, sugbouring factors, simultaneous mutations of the binding sites for
gesting that this promoter might be non-tissue-specific. Accordthe latter proteins are needed.
ing to the hypothesis dfedar (1988)DNA methylation in vivo We used EMSAs to subject the regions containing the iden-
may be responsible for the transcriptional inhibition of tissue-tified transcription factor recognition sites to further functional
specific genes in non-expressing cells. Hence, the endogenoasalysis. Nuclear extracts from 293 and GH3 cell lines were
A2 gene may be inactive because itis methylated in PC CI3 cellgmployed to bind probes comprising the above-described sites.
but the exogenous A2 promoter construct is active because it Brobe 2 encompassed the site for the region adjacent to LSF as
non-methylated. well as the Sp1 consensus sequence. Two specific complexes 2a
By analogy with thex-subunit gene, whose tissue-specific and 2b were seeninthe nuclear extracts from the two cell lines we
gene expression was conferred by an enharidelefeane et examined, with both shifts being in much higher concentration
al., 1987, the observed non-specificity of A2min could also bein 293 extracts. The complex 2a most likely contains Sp1. Onthe
attributable to the presence of a tissue-specific enhancer arounther hand, the labelled probe 2m, where the mutated half site
the A2 gene. for Sp1 resulted in the absence of promoter activity, still formed
We have further introduced substitution mutations into potenthe 2a complex. One possible explanation is that the Sp1 protein
tial binding sites for transcription factors predicted by in silico retains binding affinity for its partially mutated recognition motif
analysis. All mutations were generated in the context of A2mirbut fails to participate in transcriptional activation. This is sup-
with the 6 bp replaced by afcoRI restriction site. This mutant ported by the study d®fau and Taylor (1998yhere the mutated
analysis identified three mutations that resulted in an almostoxR protein strongly bound to DNA but failed to activate tran-
complete loss of promoter function in 293 and GHS3 cell lines.scription from theczx promoter. In addition, several mutations
Here, in construct m3, the strong effect of the mutated half sitén the DNA-binding domain of Myb-related proteins have been
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described that can bind DNA but are defective for transcriptionapositions and in both orientations, properties characteristic of a
activation Grasser et al., 1992; Goff et al., 199Eurther, three  transcriptional silencer. To determine whether s1 can exert its
specific complexes 3a, 3b and 3c were seen bound to probeeffect on a heterologous promoter, we inserted it in both direc-
in nuclear extracts from both cell lines. This probe includes thdions into the enhancer-less pGL3-Promoter vector upstream and
TATA box and the binding sites for Oct-1 and TTF-1, both of downstream of the SV40 promoter. As anticipated, the resul-
which partially overlap with the former. The intensity of 3a, 3b tant down-regulation was even more intense than that of A2min.
and 3c was the highest in 293 extracts, indicating that the pra©ur results therefore provide direct evidence that the s1 negative
teins contained are more abundant in these cells. Interestinglgggulatory region can repress the basal activity of a strong het-
each of the individual mutations of the sites for the aforemenerologous constitutive promoter and functions as a silencer in a
tioned factors (labelled probes 3m1, 3m2 and 3m3) appeared fwsition- and orientation-independent manner. Above all, based
abolish the formation of complex 3b in extracts of both cell lineson the computer-assisted sequence analysis, s1 was found to
tested (with the exception of 293 extracts, where 3b formatiortontain binding sites for several transcription factors, including
was eliminated by 3m1 and 3m3 and strongly reduced by 3m2h site for the transcription repressor CBF1/RBfaf position
Probe 3 encompasses the nucleotides frodd to —11 rela-  —338, Oct-1 site at- 282, GATA-1 site at-233 and PEA3 site at
tive to the tentative transcription start site. Because the TFIID-135. Among these, the C-promoter binding factor 1 (CBF1 or
DNase | footprint often extends from40 to +50 Burley and  RBP-X)is aknown mediator of transcriptional silencimgdkar
Roeder, 1995 we think that the abolition of 3b formation could et al., 200). The ubiquitous POU homeodomain protein Oct-1
be caused by the TFIID binding across all probe, thereby requithas also been shown to possess silencing actilfity (et al.,
ing all the three sites disturbed in probes 3m1, 3m2 and 3m3. A%996. Furthermore, the erythroid transcription factor GATA-1
TFIID does not contact all of the bases in the footpri@hiang  was found to repress various gendkflov et al., 2000; Li et
etal., 1993, it remains to be determined whether the Oct-1 andal., 1999, as well as a member of the Ets transcription factor
TTF-1 factors bind in a sequence-specific fashion within theséamily PEA3 that was shown to repress the erbB-2 oncogene
“open” regions or they exert their effects indirectly, perhaps by(Menendez et al., 2005It seems possible, therefore, that these
interacting with TFIID. With regard to probe 4 that contains elements are responsible for transcriptional repression of the
Pax-5 binding site, a single specific complex 4a was formed iA2min and SV40 promoters by s1. We used the same positional
the extracts from both cell lines studied. We were able to showloning approach to analyse the second region s2 and hence
that 4a was significantly diminished on the labelled probe 4m irdetermined that it indeed behaves as a silencer whose action is
GH3 extracts. This finding was expected because of the stronglyromoter, position and orientation independent. However, the
reduced promoter activity of the construct with the mutated Paxsuppression of A2min and SV40 activity by s2 was shallower
5 site that we noticed only in GH3 cells, making it likely that the than that by s1. In silico analysis of this region predicted bind-
additional nucleotides may be necessary for Pax-5 binding img sites for GATA-1 at positions963,—886,—800,—741 and
293 extracts. Probe 5 was designed to enclose the putative motif615, for Oct-1 at-608 and for the POU homeodomain factor
for the GAGA factor, two sites for the Ets factor and the site forBrn-3 at —828. Previous studies have identified three distinct
c-Myb. In 293 extracts, four specific shifted complexes 5a, 5bBrn-3 factors, Brn-3a, Brn-3b and Brn-3c, of which Brn-3b was
5c and 5d were observed. The formation of the weak complefound to repress transcription from several promotBiaxson
5b was eradicated by the mutation of the GAGA motif (probeet al., 1996; Latchman, 199@ecause of the repressor abilities
5m1l) and also by the mutation of the second Ets site (probef the abovementioned transcription factors, we propose that
5m3). The also low abundant complex 5d was strongly diminthey may contribute to the restriction of promoter activity by s2.
ished on probes 5m1 and 5m3 as well as on 5m2, where the fir§o sum up the role of silencers in A2min modulation, further
Ets site was mutated. Alternatively, in GH3 extracts, only threestudies are required to determine whether their entire regions
complexes 5a, 5b and 5c¢ were formed. Here, the binding of 5are required for silencer activity or whether sub-fragments span-
was inhibited on probes 5m1, 5m2 and 5m3. Taken togethening parts of these regions may be sufficient for transcriptional
these data raise the possibility that three nuclear factors binapression.
cooperatively to the predicted motifs for GAGA, Ets and c-Myb  In this paper, for the first time we describe the cloning of
factors on probe 5. Out of these three factors, Ets and c-Mykhe minimal promoter of the human thyrostimulin A2 subunit,
were in fact found to act synergistically to activate transcriptiorwhose regulation appears slightly different in 293 and GH3
of several important hematopoietic genBsstigo et al., 1997  cell types. Various nuclear levels of transcription factors might
The preceding deletional studies uncovered two potentiatontribute to this difference. The transcriptional control of the
negative regulatory elements residing in regions frei347 A2 gene is also different to that of thesubunit, which was
to —37nt (s1, located downstream of the minimal promoter)shown to be regulated by TRH via pathways mediated by the
and from—1046 to—506 nt (s2, located upstream of the min- P-Lim and CREB transcription factorsl@shimoto et al., 2005
imal promoter). More importantly, the placement of the regionindeed, TRH treatment of 293 and GH3 cells transiently trans-
sl in forward and reverse orientations into the A2min plasmidected with the minimal promoter did not affect the transcrip-
in two positions, upstream and downstream of the A2min protional behaviour of the latter (unpublished observations). We
moter, resulted in a striking decrease of promoter activity inalso revealed silencer elements upstream and downstream the
both cell lines examined, being particularly strong in GH3 cells.promoter that underscores the complexity of the control of A2
Thus, the s1 negative regulatory region functions in differentranscription. Future work will need to further characterise the
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regulatory elements uncovered in our study and to determingashimoto, K., Yamada, M., Monden, T., Satoh, T., Wondisford, F.E.,
how these factors interplay with one another to regulate the A2 Mori, M., 2005. Thyrotropin-releasing hormone (TRH) specific interac-
subunit gene. tion between amino terminus of P-Lim and CREB binding protein (CBP).
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