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ABSTRACT

Thyroid hormone receptors (TRs) are transcription factors members of the nuclear receptor

superfamily. The transcriptional activity of TRs is controlled by thyroid hormones and cell spécifie

coregulators. Using the yeast two-hybrid System, we identified RanBPM as a new protein partner for

TRs. RanBPM was initially discovered as an interacting partner for Ran, and was also shown to be a

protein partner and coactivator of the androgen receptor.

The novel interaction between RanBPM and TR isoforms was addressed by GST pull-down

assays and co-immunoprecipitation in intact mammalian cells, where RanBPM was shown to bind TRs

in a ligand-independent fashion. We also studied the régions implicated in the interaction with deletion

mutants: the principal interacting région of RanBPM is comprised within its carboxyl-terminal end and

it binds to the DNA-binding domain of TRs. To investigate the potential rôle of RanBPM in thyroid

hormone action, transient transfections with luciferase reporter genes were performed in CV-1 cells.

We found that the overexpression of RanBPM increases the activation of TRETK and DR+4 positive

thyroid hormone response elements. Interestingly, overexpression of the truncated protein RanBPM55,

which lacks the N-terminal polyglutaminated région but binds TRs with the same afïïnity, decreased the

fold activation by up to 80%. Furthermore, we performed compétition assays using transient

transfection of RanBPM and increasing amounts of RanBPM55. This experiment revealed that the

stimulating effect on TR-transactivation by the full-length protein was inhibited in a dose-dependent

fashion by RanBPM55. This suggests that although the polyglutaminated région of RanBPM is not

required for the binding to TRs, it is required for the stimulation of TR-transactivation. Taken together,

our results provide évidences that RanBPM is a potent novel coactivator for thyroid hormone receptors.
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INTRODUCTION

Thyroid hormones (THs) play a critical role in development, growth and metabolism. In

addition, they are required for the normal flmction of most tissues, and have major elîects on oxygen

consumption and metabolic rate. Thyroid hormone receptors (TR) are very well conserved members of

the nuclear receptor (NR) superfamily of ligand-dependent transcription factors. The transcriptional

régulation of TH target genes is mediated via the binding of TRs to thyroid hormone response elements

(TREs) in their promoter région (Yen, 2001). Unlike steroid hormone receptors, like the glucocorticoid

(GR) and androgen receptors (AR), that are inactive in the absence of their ligand and found in the

cytoplasm bound to heat-shock proteins, TRs are présent in the nucleus both in the absence and

presence of T3, and modulate gene expression in both states.

Most target genes that have been extensively studied are positively regulated by TH. In the

absence of ligand, TRs are associated with corepressors, like the nuclear receptor corepressor (NCoR),

creating a template for the recruitment of histone deacetylases (HDACs) and inhibiting the transcription

of the upstream gene (Chen & Evans, 1995, Horlein & Naar, 1995). On the other hand, upon binding to

their ligand, conformational changes in the C-terminal TR tail releases corepressor complexes and

allow the recruitment of coactivator proteins which loosen the DNA-chromatin structure (McKenna et

al, 1999). Chromatin remodelling is a defining step in the transcriptional initiation process essential for

gene transactivation. This feature is not inherent to coactivators, like the pl60 family that médiate

histone acetylation, but is an important event required for subséquent transcription preinitiation

complex assembly (Lee et al, 2003) and is necessary for maximal activation of Ta-responsive genes.

Another characterized group of chromatin-modifying complexes interacting with TRs, is the ATP-

dependent SWl/SNF complex, which disrupt the association of histones with DNA via nucleosomal

modifications (Huang et al, 2003). Other coactivators enhance the transcription of target genes via their

ability to recruit components of the basai transcriptional machineiy and function as an interface

between sequence-specific transcription factors and the général transcription apparatus (Fondell et al.
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1999). Although most coregulators identified to date interact with TRs in a ligand-dependent fashion,

the interaction of some coregulators, like with GT198 and PSF, is not modifîed by T3 (Ko et al, 2001,

Mathur et al, 2001). Ligand-dependent transcriptional régulation by TRs is tbus a complex process

involving tbe recruitment of varions coregulators to tbe promoter of target genes. In order to better

understand TH action, furtber identification and cbaracterization of transcriptional coregulators is

warranted.

Using tbe yeast two-bybrid (YTH) System, we identified tbe Ran binding protein in microtubule

(RanBPM) as an novel ligand-independent interacting partner for TRs. RanBPM, was first discovered

to be an interacting partner of Ran, but its pbysiological rôle remains unclear (Nakamura et al, 1998).

Ran is a small G protein member of tbe Ras family, and is responsible of tbe active transport of

macromolecules tbrougb tbe nuclear pore complex (NPC) (Steggerda & Pascbal, 2002). RanBPM was

recently sbown to interact witb otber NRs: androgen receptor (AR) and glucocorticoid receptor (GR)

(Rao et al, 2002). In tbis report, we describe tbe interaction of RanBPM witb tbe DNA-binding domain

of TRs, and détermine its fiinction as a coactivator for tbyroid hormone receptors.
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MATERIAL AND METHODS

Plasmid Constructions

TR and RanBPM constructions are schematically represented in Figure 1. TR isoforms and the

TRp2 mutants previously described (Langlois et al., 1997) were cloned in frame in the pGEX-4Tl or -

4T2 vectors (Amersham Biosciences Inc., Baie D'Urfe, Qc, Canada) by restriction enzyme digestion or

PCR. Another GST-hTRp2 mutant, DBD-only (a.a. 119-221) was produced by PCR amplification of

hTRp2 and inserted into the pGEX-4Tl vector at the BamHI site (Fig.lB). The RanBPM55 cDNA was

recovered by YTH screening of a human foetal cDNA library inserted into the pACT-2 vector

(Clontech, Palo Alto, CA) and subcloned in pSG5 by restriction enzyme digestion (Stratagene, La Jolla,

CA) (Breathnach & Harris, 1983). The full-length cDNA of the human RanBPM protein inserted into

pcDEBA was kindly provided by Dr T. Nishimoto from the Kyushu University, Fukuoka, Japan

(Nishitani et al, 2001). GST-flision protein vectors used for production of RanBPM mutant

constructions were made by restriction enzyme digestion, as shown in Figure ID and inserted in pGEX-

4T1/2. The expression vector used for the in vitro transcription/translation, RanBPM55-pTracer

(Invitrogen Canada Inc, Burlington, On, Canada), was originated by PCR amplification and inserted

with EcoRI and Notl. In the transient transfection experiments, the mammalian expression plasmids

were pTracer-RanBPM55, pcDEBA-RanBPM90, pSG5-hTR isoforms and the corresponding empty

vectors as controls.

The TRETK reporter contains two copies of an idealized positive TRE (pTRE) arranged as a

palindrome, upstream of a minimal thymidine kinase promoter and fused to the luciferase gene in the

PAS vector (Chatterjee et al., 1989). The pTRE DR+4 (direct repeat) was also incorporated in the PA3-

Luc vector. Ail insert sequences were confirmed by DNA sequencing.
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Yeast Two-Hybrid Screening

A cDNA fragment coding for amino acids 89-220 of the human TR|32 isoform (Fig. lA) was

cloned into the pAS2-l vector for expression of a fusion protein with the GAL4 DNA-binding domain

(MatchMaker Two-hybrid System-2; BD Biosciences-CIontech, Mississauga, On, Canada). In this

System, a human foetal brain cDNA library fused to the GAL4 transactivation domain in the pACT2

expression vector was screened. These constructions were transformed into Y190 yeast strain.

Transformants were selected for growth on minimal médium agar lacking tryptophan, histidine and

leucine in the presence of 3-amino-l,2,3-triazole. Positive clones were tested by (3-gaIactosidase assays,

according to the manufacturer's instructions. Further sélection of positive clones was based on their P-

galactosidase scores by colony filter-lift after retransformation in yeast. Transformants with the highest

scores were then sequenced (Sequencing service, University of Ottawa, On, Canada) and nucleotide

comparisons were performed using the GenBank™ database and the BLAST program (NCBl). Clone

number 83 (Fig. IC) represented a cDNA sequence identical to amino acids 146-683 of RanBPM.

RNA Expression Analysis

RNA isolation analysis from CV-1 (Cercopithecus aethiops, ATCC #CCL-70), HeLa {Homo

sapiens, ATCC #CCL-105), HEK-293 {Homo sapiens, ATCC #CRL-1573), JEG-3 {Homo sapiens,

ATCC #HTB-36) and PC12wt {Rattus norvégiens, ATCC #CRL-1721) cells was performed according

to standard procédures using the TRlzol™ Reagent (Sigma-Aldrich Canada Ltd, Oakville, On, Canada).

For each cell type analyzed by Northem Blot, 20 pg of total RNA was loaded in a MOPS-based gel and

transferred on a nitrocellulose membrane (Bio-Rad Laboratories, Indianapolis, IN). The radiolabelled

probe comprising 953 base pairs of the C-terminal end of RanBPM was generated using the

Rediprime'^'^ Random Prime Labelling System (Amersham Biosciences Inc.) and free ̂ ^P-dCTP was

discarded with ProbeQuant^" MicroColumns (Amersham Biosciences Inc.). Northem blots were then

hybridized at 65°C ovemight with the ̂ ^P cDNA probe and revealed by autoradiography. The blot was
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then stripped and hybridized with a probe against the human glyceraldehyde-3-phosphate

dehydrogenase (hGAPDH) for loading control. Gel-Pro Analyser program, version 4

(MediaCybemetics, Carlsbad, CA) was used for gel analysis.

The expression pattem of RanBPM was also studied using a commercial nylon membrane

containing normalized loadings of poly A'^ RNA of human tissues (MTN blot; BD Biosciences-

Clontech). The same RanBPM probe was used following the manufacturer's instructions. The

membrane was then stripped and hybridized with a control probe against human ubiquitin cDNA

supplied by the manufacturer and resulted in consistent signais for ail poly A^ RNA dots {data not

shown). Gel-Pro Analyser program, version 4 was used for gel analysis.

Glutathione S-Transferase Pull-Down Assays

GST-coupled proteins were produced and purified as previously described (Smith & Johnson,

1988). 1-5 pg of purified GST-flision protein was incubated with 5 pl of in vitro translated ̂ ^S-labelled

protein (TNT kit; Promega, Nepean On). The binding reaction was performed at room température with

moderate shaking during 2 h in HEMG buffer [40 mM Hepes pH 7.8, 40 mM KCl, 0.2 mM EDTA, 5

mM MgCl2, 0.5 % Triton X-100, 10% glycerol, 1.5 mM DTT], supplemented with 10 mg/ml BSA and

protease inhibitors. The reactions were washed five times in non-supplemented HEMG buffer. The

bound proteins were subjected to SDS-PAGE analysis and detected by autoradiography. Results shown

are représentative of at least three independent experiments. Autoradiograms were analysed with the

ImageQuant 5.0 Build 050 software (Molecular Dynamics, Surmyvale, CA) in order to evaluate the

interactions.

Immunoprecipitation and Immunoblotting

HeLa cells, grown in 75mm^ Pétri dishes supplemented with T3 (10 nM) or the vehicle alone

(Sham) until they reached 80% of confluence, were lysed in a 50 mM Hepes solution containing 1%

Triton X-100 and protease inhibitors. After 30 minutes of incubation on ice followed by centrifugation

7
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at 3000 X g for 15 minutes, supematants were collected and put at -20°C ovemight to compléta lysis.

Total cell extract concentrations were measured using a standard Bradford assay (Bio-Rad

Laboratories). Immunoprecipitation was performed using a rabbit polyclonal IgG antibody raised

against chicken TRal but recognizing ail human TR isoforms (FL-408; Santa Cruz Biotechnology Inc.,

Santa Cruz, CA) (Pellizas et al, 2002). The formation of immuno-complexes was made in the presence

or absence of T3; positive control represents 50 pg of HeLa whole cell extracts. After ovemight

incubation of the pre-cleared sample with FL-408 antibody at 4°C with rocking with T3 (10 nM) or the

vehicle alone (Sham), protein G-Sepharose™ (Amersham Biosciences Inc.) was added in the dilution

bufîer (0.1 % Triton X-100, 0.1 % BSA in Tris saline azide (TSA) buffer [O.IM Tris-HCl, 0.14 M

NaCl, 0.025% (w/v) NaN3], and samples were rocked for 2 h at room température. After five washes,

proteins were resolved on a 10% SDS-polyacrylamide gel and transferred on a polyvinylene difluoride

membrane (Roche, Laval, Qc, Canada). The membrane was blocked with 5% skim milk, 0.05% Tween-

20 in TBS buffer, pH 7.5 and incubated for 2 h at room température with the 5M anti-RanBPM

antibody of rabbit origin provided by Dr T. Nishimoto from Kyushu University, Fukuoka, Japan

(Nishitani et al, 2001). Détection was accomplished using horseradish peroxidase-conjugated anti-

rabbit IGg antibody (Amersham Biosciences Inc.) and enhanced by the BM chemiluminescence

Blotting Substrate (ECL, Roche).

Cell Culture and Transient Tranfections

The CV-1 cells were maintained in phénol red Dulbecco's Modified Eagle's Médium média

supplemented with 10%, foetal bovine sérum (FBS), with a mix of antibiotics and antimycotics (Life

Technologies, Burlington, On, Canada). The day before transfection, cells were seeded in 6-well plates

at approximately 10,000 cells per 35mm^ well. Cells were transfected as described before using the

calcium phosphate precipitate technique (Speciality Media, Boston, MA) (Laflamme et al, 2002,

Langlois et al, 1997). Into each plate, 100 ng or 500 ng of TR-pSG5, 3 pg of RanBPM55-pTracer,
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RanBPM90-pcDEBA or the corresponding empty vectors, and 10 pg of the luciferase reporter gene

were used unless otherwise stated. Sixteen hours after transfection, cells were fed with fresh média

supplemented with charcoal and resin stripped FBS with the addition of T3 (10 nM) or the vehicle alone

(Sham). Cells were harvested 24-36 hours following the hormonal treatment and processed for

luciferase assay; P-galactosidase assays were used initially to assure efficiency of transfection, as

previousiy described (Laflamme et al, 2002, Langlois et al, 1997). Luciferase activity was measured

using an EG&G Berthold lumat LB 9507 luminometer. The results ffom at least three independent

experiments each performed in triplicate are displayed as mean + SEM.
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Abstract

Background: Thyroid hormones (THs) regulate their own production and sécrétion by a feedback

System involving tbe bypotbalamic-pituitary-tbyroid axis (HPT). Tbyroid hormone receptors (TRs)

regulate tbe expression of tbe tbyrotropm-releasing hormone (TRH) and tbyrotropin (TSH) genes. Tbese

genes of tbe HPT axis are negatively regulated by THs and are activated by low levels of THs. Altbougb

tbey are crucial for tbyroid hormone bomeostasis, tbe molecular mecbanisms responsible for TR-mediated

négative régulation of target genes are not completely understood. We bave previously identifîed

RanBPM, a ubiquitously expressed 90 kDa polyglutaminated protein, as a coactivator of TRs on

positively regulated genes. Methods: In order to study tbe rôle of RanBPM in tbe régulation of genes of

tbe HPT axis, we used transient transfections of JEG-3 cells witb luciferase reporter constructs of (buman

TRH and TSHa promoters. Results: Using tbis System, we found tbat tbe overexpression of RanBPM

increased tbe transcriptional activity of ail TR-isoforms, by a magnitude of 2-fold and 3-foId for tbe TRH

and TSHa promoters respectively. However, since tbe stimulating effect of RanBPM on TR-

transactivation was greater in tbe absence of ligand, tbe ligand-dependent repression was statistically

diminisbed for TRpi and TRp2 isoforms on tbe TRH promoter. Furtbermore, tbe ligand-mdependent

activation of tbe TRp-isoforms was raised by 180% wben tbey were co-transfected witb RanBPM, on botb

promoters tested. Conclusions: RanBPM is tbus also able to modulate tbe transcription nTREs. Tbe effect

of RanBPM on stimulating tbe transcriptional activity of nTREs could reflect an important rôle of tbis

protein in tbe régulation of tbe HPT axis in presence of low levels of THs, wbicb is a crucial step in

maintaining TH bomeostasis.




























































































































































































