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Thyrotropin Regulates the Expression of mRNA fbr G-Protein

             caSubunits (evs and cvi2) in FRTL-5 Cells
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Abstract: In order to determine the n:tolecular mechanism of regulation of the GTP-binding

protein (G-protein)-adenylyl cyclase system by thyrotropin (TSH), we examined the expression of

mRNA for G-protein stimulatory cr subunit (as) and inhibitory' ev subunit (ed2) by the reverse

transcription-polymerase chain reaction (RT-PCR) method. TSH (IO mUlml) stimulated the

expression of evs mRNA in FRTL-5 cells by 40% after 6 hr, which was gradually reduced to a

normal level by 24 hr. Expression of6-actin mRNA was unchanged. In contrast, expression of cvi2

mRNA was reduced by 25% after 6 kr and returned to the normal level by 24 hr. This concomitant

change increased the relative abundance of crs to cvi2. The effect of TSH on the expression of crs

mRNA was mimickecl by dibutyryl cAMP and forskolin. These findings show that the expression

of G-protein subunits ls regulated by TSH via a cAMP-dependent pathway on the mRNA level.
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INTRODUCTION

  It is known tha£ guanine nucleotide-bindiRg

proteins (G-proteins) play an irr}portant role in

signal traltsduction in all eukaryotic cellsi). In

thyroid cells, thyrotropin (TSH) recepter and

its effector, adenylyl cyclase, are coupled by

G-protein (v:-subunits thas stimulate (evs) or

inhibit (ai2) adenylyl cyclase activity. Thus £he

regulatiofi of G-proteins2'3) and the TSH

receptor4) in thyroid cells has been ofinterest

in physiological or pathological states. Saunier

et aL5) found tha£ evs protein was increased

when primary porcine thyroid follicles were

cultured in the presence of TSH or forskolin.

In order to examine the mechanisms of requla-

tien of the TSH receptor-G-protein-adenylyl

cyclase system from the molecula}" and biolo-
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gical perspective, we used FRTL-5 cells: a

continuous, well-differentiated cell line of the

rat thyroid6･7).

  The present study was designed to deter-

mine whether mRNA expression levels of crs

and cvi2 in FRTL5 cells are regulated by TSH

and, if so, whether such regulation would be

mediated by a cAMP-dependent mechanism.

MATERIALS AND METHODS

Cell citlture

  FRTL-5 cells were obtained frorri Flow

Laboratories (Mclean, VA, U.S.A.) and cul-

tured as previously described8). Cells were

cultured in Ham's F-I2 supplemen£ed with 5%

calf serum and a six-hormone rnixture (6H

medium) that included TSH (IO mUlml),
insulin (10 pag!ml), hydrocortisone (1 nM),

transferrin (5 paglml), somatostatin (IO Rglml),

and glycyl-L-lysine acetate (le nglml). TSH

was purchased from Sigma Chemical Co. (St

Louis, MO, U.S.A.). When the cells reached
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abeut 90% of confiuency, the medium was

changed to 5H medium (6H medium without
TSH). After 5 days, the cells were used for the

experlments.

RNA isolation and revexse-tTanscription

  Tetal cellular RNA was isolated by the acid

guanidinium thiocyanate-phenol-chloroform

(AGPC) method9). mRNA was reverse-
transcribed into cDNA as described previ-
OuslyiO).

Primer Praparation and PCR

  Primers specific for crs and ai2 were de-

signed based on the nucleic acid sequence
reportedii) as follows: primer A: 5'--TTCTAT--

GAGCATGCCAAGGC, prirner B: 5'-CTCA-
ATCTTCGATTTCCCAG, primer C: 5'-CA-
AGGCATGCTTCCGGAAGA, primer D: 5'-
TACTCAGGGAAACAGATGGT.
  Primers A and B corresponded to peptide

residues (A: 146-152 and B: 302-308) of evs,

and primer C and D corresponded te peptide

residues (C: I17-123 and D: 285-291) of cMi2,

Primers were labeled with le ptCi of 32P-yATP

by 10 units of T4 kinase and purified by Nick

columns. The PCR reaction mixture contained

a cDNA template derived from 70 ng ef total

RNA, 2.5 U of AmpliTaq DNA polymerase
(Takara Shuzo Co.), 66 ng of A and B primers

for evs or 87 ng of C and D primers for afi2.

Quantita£ive analysis was performed by adding

labeled prirr}er A for crs er primer C for ed2.

The PCR reaction was performed for 33
cycles: 1 min at 930C, I.5 min at 550C, and 1

min at 720C with 30 sec of ramping time. The

samples were applied to 2% agarose gels.

Triplicate determination of the amount of

PCR products was performed as follows. PCR

products (n=3) were obtained from three

separate PCR samples from different tubes

and applied on three separate gels. Corres-

ponding parts of the gels were cut out from

each lane to measure radioactivity. Radioactiv-

ity from a sample that lacked a template in the

reaction mixture was used as the backgreund.

In some experiments, to avoid the possible

inheritant cause for the intra-assay variations

which occur during the course of RT-PCR
procedure, radioactivities of cys and ai2 bands

were corrected by that of 6 actin. The signi-

ficance of differences between experimental

values was determined by Student's t-test.

REsuLTs

EllO(i7cts of TSH on as and cri2 mRNA levels

  To determine the effect of TSH on mRNA
expression of crs as well as of ari2, FRTL-5 cells

were expesed to 6H er 5H medium for O, 6, l2

and 24 hr. When RT-PCR products frem
mRNA obtained frorR the cells were run on an

agarose gel, bands for evs (486 bp) and ed2 (522

bp) of expected sizes were detec£ed. Bands for

evs obtained from cells treated with 6H

medium were more intense than those from

cells treated with 5H medium at 6 and I2 hr

(Fig. I).

  Treatment of cells with 6H medi}.im de-

creased with an expression of ai2 after 6 and

12 hr of incubation. Radioactivity obtained

from the bands for ai2 showed the corres-

pondiRg results (954.7±9I.7 cpm cf 722.7±

46.8 cpm a£ 6 hr and 1056.1±41 cpm cf
894.3±60.3 cpm at 12 hr, 5H medium cf 6H
medium, respectively). At 48 hr and 72 hr of

incubation, expression of evs and ed did not

differ between 5H-treated and 6H-treated
cells (data not shown).

  During the period of treatment, the express-

ion of 6-actin mRNA remained t}nchanged.

  Effects ef TSH based on the radioactivity of

bands fbr evs and cyi2 are summarized in Fig. 2.

E)fiFl7cts of cAMP on cMs mRNA exPression levels

  To determine the contributioB of cAMP to

the increase in expression of evs, FRTL-5 cells

were treated for 12 hr with O.} mM dibutyryl

cAMP (DBC), 1 mM DBC, or 1 paM forskoliR.

Each of these additives increased inteRsity of

the bands (Fig. 3). Radioactivity obtained from
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Fig. 1. Effects of TSH on expression of mRNA for evs, cri2

and 6-actin. RT-PCR products were obtained from

cells treated with 5H medium for O hr (lane 1), 6 h

(lane 2), 12 hr (lane 4), 24 hr (lane 6) or with 6H

medium for 6 hr (lane 3), 12 hr (lane 5), 24 hr
(lane 7). A representative gel among three similar

ones is shown. Only the corresponding portions of

the gels are shown. Representative data from three

similar experiments are shown.
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Fig. 2. Effect of rl-SH on radioactivity of bands

       fbr crs and cri2. Effects of TSH on evs
       (-O-) and evi2 (-e-) were expressed as the

       ratio of the radioactivity obtained from

       the cells treated with 6H to that from
       cells treated with 5H. Representative data

       from three similar experiments are

       shown. Values are the means±SEM
       (n == 8).

       *P<O.Ol vs O hr
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Effects of DBC and forskolin on expression of mRNA for evs. FRTL-5
cells were incubated with no additives (lane 1), or in the presence of O.1

mM DBC (lane 2), 1 mM DBC (lane 3) or 1 ptM forskolin (lane 4).

the bands agreed with the intensities of the

bands (5H medium; 1077±76cpm, O.1 mM
DBC; 2248±127cpm, 1 mM DBC; 3626±215
cpm, 1 uM forskolin; 8006±86 cpm,).
  The DNA fragments of cys and cvi2 gener-

ated by PCR were cut out of the gel and

sequenced. Sequencing revealed that the
bands were cDNA for cts and ai2 (data not

shown).

DIscussloN

 TSH binds to the TSH receptor and stimu-

lates thyroid metabolism by a cAMP-
dependent pathway activated through evsi2)

and an IP3-Ca-dependent pathway activated
through ct(li3). In the former, (ms is activated by

the third intracellular loop of the TSH
receptori4). The TSH receptor is thought to be

coupled with ai, but the mechanism of activa-

tion of cvi is not known.

 Although TSH initiates the trip down of
these metabolic pathways, prolonged exposure

to TSH causes a lack of responsiveness, or
desensitizationi5). For example, TSH increases

cAMP in FRTL-5 cells to the maximal level in

15 to 30 min, but in 12 hr, cAMP is decreased

to less than 10% ofthe maximal level (data not

shown). This series of activations and deactiva-

tions of signals involves various aspects of
signal transductioni6'i7). As for the TSH re-

ceptor, Akamizu et al.4) reported that TSH

down-regulated TSH receptor mRNA.
  Little is known regarding the effect of TSH

on the expression of G-proteins except that evs

protein is positively regulated in porcine thyr-

oid foIlicles5). However, it should be recalled

that (a) cultured porcine thyroid follicles and

rat cloned thyroid FRTL-5 cells differ in some

propertiesi8). Therefore, it is of interest to

know whether TSH-induced increase of (ms

protein happens in FRTL-5 cells; a cell line

most often used in the field of thyroidology.

However, (b) it is difficult to evaluate the

quantity of G-protein subunits accurately on

the plasma membranei9'20). Besides, no study

has focused on the measurement of ev proteins

which exist in cytosol; cytosolic cr proteins

comprize a huge portion of whole cell (data not

shown). Cytosolic cr proteins are separated

from 6 and y subunits and are poor substrates
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for ADP-ribosylation by toxins. This makes the

measurement of the amount of cellular G
protein more difficult. Apart from such com-

'plexed problems as mentioned, it would be

interesting to determine wheter mRNA ex-
pression of G-proteins is regulated by TSE[ in

FRTL-5 cells. Our data showed that, once the

TSEE receptor-G-protein-adenylyl cyclase sys-

tem is switched on, there is an up-regulatien of

evs and a down regulation of ai at the mRNA

level. Our findings are in agreement with the

increased amount of Gs protein reported in
porcine thyroid cell5). The overall effect of

alteration in the ratie of crs to cyi2 is to

strengthen the up-regulatioR of cvs. DBC and

forskolin increased the expression of crs to a

greater extent thaR TSH. This could be ex-

plained by the continuous stimulation of a

cAMP-dependent pathway which cannot be
achieved with TSH due to desensitization. The

thyroid is not the only orgalt whose expression

of crs is regulated by cAMP2i). Whether the

decreased expression of ai is regulated by

increased cAMP level or ether TSH-induced

signal such as elevated intracellular calcium

level remains to be solved.

  In summary, TSH down-regulated TSH
receptor aRd up-regulated avs mRNA in a
cAMP-dependent maRner. It is reasenable to

assume that this phenomenon helps to main-

tain the TSH receptor-G-protein-adenylyl cyc-

lase system in a homeostatic state, while the

overaH regulation is to decrease respensiveness

as indicated by the occurrence of desensitiza-

tion. The explanation for these complicated

homeostatic mechanisms awaits further ex-
periments including studies on 67-subunits22),

NAD kinase2S), and adenylyl cyclases24) in the

 thyroid.
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