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Discrepancy between in vitro and in vivo Effect of Gas Gene
Mutation on the mRNA Expression of TRH Receptor
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We investigated the effect of d-subunit of the stimulatory GTP-binding protein (Gds) gene mutation

on the expression of the thyrotropin-releasing hormone (TRH) receptor (TRH-R) gene in GH3 cells and
in growth hormone (GH)-secreting adenomas of acromegalic patients. In the presence of cyclohexicmide,
forskolin and isobutylmethylxanthine, cholera toxin, and GH-releasing hormone (GHRH) decreased rat
TRH-R (‘TRH-R) gene expression by about 39%, 43.7%, and 46.7%, respectively. Transient expression
of a vector expressing mutant-type Gos decreased the rTRH-R gene expression by about 50% at 24 h
of transfection, whereas a wild-type Ga, expression vector did not. The transcript of human TRH-R
(hTRH-R) gene was detected in 6 of 8 (75%) tumors. Three of them (50%) showed the paradoxical GH
response to TRH and the other three patients did not show the response. The relative expression of hTRH-R
mRNA in the tumors from patients with the paradoxical response of GH to TRH did not differ from
that in the tumors from patients without the paradoxical response. Direct PCR sequencing of G, gene
disclosed a mutant allele and a normal allele only at codon 201 in 4 of 8 tumors. The paradoxical response
to TRH was observed in 2 of 4 patients without the mutation, and 2 of 4 patients with the mutation.
The hTRH-R gene expression of pituitaty adenomsa did not differ between the tumors without the mutation
and those with mutation. The present study suggests that the expression of TRH-R gene is not likely to
be a main determinant for the paradoxical response of GH to TRH, and that Gas mutation may suppress
the gene expression of TRH-R in GH-secreting adenoma. However, a certain predisposing factor(s) may
play an important role in determining the expression of TRH-R.
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INTRODUCTION

The cDNA of human thyrotropin-releasing hor-
mone receptor (hWTRH-R) gene was recently cloned
from a growth hormone (GH)-secreting pituitary
adenoma (Yamada et al, 1993). The expression of
hTRH-R gene may in part explain the mechanism of
paradoxical response of GH to TRH that is observed
in some patients with acromegaly (Irie and Tsushima,
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1972).

On the other hand, it was reported that rat TRH-R
(rTRH-R) mRNA levels were decreased by agents
that elevate intracellullar cAMP in GH3 cells
(Fujimoto and Gershengorn, 1991). A subset of hu-
man GH-secreting pituitary tumors has somatic
mutations that encodes an activation mutation of the
subunit of the stimulatory GTP-binding protein Gs
(Vallar et al, 1987). In these tumors, the mutations
that replace amino acids in either position 201 or
position 227 of Gd; consititutively activate the Gas
protein and continuously stimulate the adenylyl
cyclase signaling pathway, which in turn increases
GH secretion and growth of somatotrophs (Landis et
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al, 1989).

Taken together, these findings prompted us to
hypothesize that Gas gene mutation may suppress the
expression of TRH-R gene. In order to test our
hypothesis, we investigated whether hTRH-R gene
expression is lower in human GH-secreting pituitary
adenomas with Gds mutation than in tumors without
the mutation and whether rTRH-R gene expression is
decreased by expression of the mutant Gas in a rat
GH-secreting cell line.

METHODS

Cell culture

A rat GH-secreting adenoma cell line, GH3, was
grown to about 80% confluency in Dulbecco’s Modi-
fied Eagles medium (DMEM) supplemented with
10% fetal bovine serum. Cells were treated with 50
UM forskolin and 100 pM isobutylmethylxanthine
(IBMX), 1 pg/ml cholera toxin, or 1 nM GHRH for
4 h with or without cycloheximide (30 pg/ml).

Transfection

Transfection was performed as described previous-
ly (Tian et al, 1994). Cells were seeded into 60-mm
tissue culture dishes (1.5 10° cells/dish). One day
later they were transfected by lipofectin-mediated
protocol, as follows: after rinsing with serum-free
DMEM, each dish was incubated 6 h at 37°C with
3 ml of Opti-MEM containing 20 ug of Lipofectin
plus the indicated plasmids. We used the plasmids
PRc/CMV (control), pRc/CMV-d; (plasmid express-
ing wild-type Gu), and pRc/CMV-Q227L-g, (plas-
mid expressing mutant-type Gds). These plasmids
were generous gift from Dr. Joseph P. Pieroni
(Department of Pharmacology, Mount Sinai School of
Medicine, New York, USA).

Endocrine tests in acromegalic patients

Eight acromegalic patients with GH-secreting pitui-
tary tumors were enrolled. No one had a previous
treatment for acromegaly, and had been on medica-
tion for the pituitary tumors for at least five months
prior to this study. This study was approved by
Kyungheee University Hospitals Ethics Committee.
Informed consent was obtained from each patient

before the study.

For the daytime basal GH secretory profile, blood
sampling was done every hour from 08:00 to 14:00.
For the paradoxical GH response to TRH, TRH was
administered intravenously and blood sampling was
done every 30 min for 2 h. Sera were immediately
separated and serum GH concentration was measured
using a commercial immunoradiometric assay Kkit.
The criteria for the response to TRH was a GH level
that exceeded the spontaneous daytime peak and
increased more than 50% above the baseline value at
30 min after injection of TRH as we reported
previously (Yang et al, 1995).

Direct polymerase chain reaction (PCR) sequencing
of the Ga; gene

Genomic DNA was extracted from the frozen
tumor tissue and peripheral blood leukocytes of each
patient as described previously (Sambrook et al,
1989). Nested PCR was performed to amplify and
sequence the region between codon 184 and 251 that
includes exon 8 and 9 of the Gos gene. A set of
oligonucleotide primers (sense: 5°-GCG CTG TGA
ACA CCC CAC GTG TCT-3’; antisense: 5’-CGC
AGG GGG TGG GCG GTC ACT CCA-3’) was used
for the first PCR amplification. Another set of
primers (sense: 5°-GTG ATC AAG CAG GCT GAC
TAT GTG-3’; antisense: 5’-GCT GCT GGC CAC
CAC CAC GAA GAT GAT-3") was used for second
PCR reaction. The amplified DNA fragments were
confirmed by agarose gel electrophoresis and purified
by electroelution and used as template for direct PCR
sequencing. The sequencing reactions were performed
by using a cyclic sequencing kit (SequiTherm,
Epicentre, Boca-Raton, FL, USA). The base change
mutation in each case was confirmed by a second
PCR amplification of the tumor tissue.

RT-PCR and in vitro transcription

The quantitiation of TRH-R mRNA was performed
by RT-PCR and in vitro transcription with co-
amplification of internal standard as described pre-
viously (Horikoshi et al, 1992). Total RNA was
extracted by the method of Chomczynski and Sacchi
(1987). One ug of total RNA was reverse transcribed
by AMYV reverse transcriptase. The resulting cDNA
products were subsequently amplified with Tag DNA
polymerase. The amplified PCR products were transctib-
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ed in vitro with T7 RNA polymerase using [a-**P]CTP.
The transcription mixtures were separated on 4.5%
denatured polyacrylamide gel. After the gel was dried,
autoradiography was performed. Using the autoradio-
gram as a guide, the bands on the gel were marked
and cut with scissors and they were counted in a
liquid scintillation counter.

The primers were constructed based on the se-
quences of hTRH-R (Yamada et al, 1993), human 3
-actin (Ponte et al, 1984), rTRH-R (Zhao et al, 1992)
and rat S-actin (Nudel et al, 1983). The primer
sequences were as follows: hTRH-R: sense; 5’-GCC
TCC CCA ACA TAA CAG ACA-3’; antisense;
5’-GTG ACC TGC TTC CTT GAA GAT-3’, human
B-actin: sense; 5’-GCG GGA AAT CGT GCG TGA
CAT-3’; antisense; 5-GGA AGG AAG GCT GGA
AGA GTG-3’; rTRH-R: sense; 5’-ATC TCC CGC
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AAC TAC TAC TCA-3’; antisense; 5’-GCC AAG
CAG GTG TCA TCA AAT-3’; rat B-Actin: sense;
5-CCC TGT ATG CCT CTG GTC GTA-3’;
antisense; 5’-CAC GCA CGA TTIT CCC TCT
CAG-3’. A T7 RNA polymerase promoter (TAA
TAC GAC TCA CTA TA) and GGGAGA trans-
cription initiation sequence were attached to the
5’-end of sense primers so that the amplified cDNA
can be converted to RNA.

Calculation of relative expression of TRH-R gene

To calculate the relative expression of TRH-R gene
to that of the internal standard (-actin gene, a ratio
was determined between the amount of the radio-
labeled PCR product within the linear amplification
range of TRH-R gene and 3-actin gene (Horikoshi et
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Fig. 1. Optimized linearity regions for PCR amplification of hTRH-R (A), h3-actin
(B), 1'TRH-R (c), and rB-actin (B) gene.
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Fig. 2. Effect of forskolin and IBMX on rTRH-R (A) and r-Bactin (B) gene expression

in GH3 cells with or without cycloheximide.
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Fig. 3. Effect of cholera toxin on rTRH-R (A) and r3-actin (B) gene expression in GH3
cells with or without cycloheximide.
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Fig. 4. Effect of GHRH on rTRH-R (A) and 1B8-actin (B) gene expression in GH3 cells
with or without cycloheximide.

al, 1992). Fig. 1 shows the optimized linear regions
for the amplification of hTRH-R, rTRH-R, human
-actin, and rat -actin gene.

Statistics

Quantitative data were expressed as meanzstan-
dard error of mean (S.E.). Univariate analysis of
quantitative data was performed by the Student’s
t-test (unpaired, two-tailed). Statistical calculations
were performed using graphic and statistical software
GraphPad Prism™ (GraphPad Software, Inc., San
Diego, CA, USA).

(B)

RESULTS

When GH3 cells were treated with forskolin and
IBMX for 4 h, the relative r-TRH-R gene expression
was decreased by 17.8%. Cholera toxin and GHRH
also decreased the rTRH-R transcript 4 h after
treatment by 46.0% and 64.9%, respectively. In the
presence of cycloheximide, forskolin and IBMX,
cholera toxin, and GHRH also decreased rTRH-R
gene expression by 39%, 43.7%, and 46.7% at 4 h,
respectively (Fig. 2, 3, 4).

Transient expression of a vector expressing mutant
type Gus decreased the relative rTRH-R gene expres-
sion by about 50% at 24 h of transfection. On the
other hand, wild-type Gas expression vector did not
decreased rTRH-R gene expression significantly
(Fig. 5).
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The paradoxical response of GH to TRH was found
in 4 of 8 (50%) acromegalic patients (Table 1). The
transcript of hTRH-R gene was detected in 6 of 8
(75%) tumors. Three of 4 tumors (75%) from the
patients with the paradoxical response expressed
hTRH-R mRNA, and 3 of 4 tumors (75%) from the
patients without the paradoxical response also ex-
presssd hTRH-R gene. The relative expression of
hTRH-R mRNA in GH-secreting pituitary adenomas
from patients with the paradoxical response of GH to
TRH did not differ from that in patients without the
paradoxical response (0.44+0.34 vs 0.31+0.15) (Fig.

(B)
Fig. 5. Effect of pRc/CMV-o; (W), and pRc/CMV-

Q227L-gs M) on r'TRH-R (A) and rf-actin (B) gene ex-
pression.

(A)

6, 7).

Direct PCR sequencing of Gas between codons 184
and 251 disclosed a mutant allele and a normal allele
only at codon 201 in 4 of 8 tumors (Fig. 8). Arginine
(CGT) in the normal Gas protein was replaced with
cysteine (TGT). The paradoxical response to TRH
was observed in 2 of 4 patients without the mutation,
and 2 of 4 patients with the mutation. In the four
tumors with Gas mutation, two tumors did not show
any detectable in vitro transcribed RT-PCR product
and one tumor gave a very small amount of the in
vitro transcript. However, the remaining one tumor
showed a larger amount of the in vitro transcript. All
tumors without Gds mutation showed a moderate
expression of hTRHR mRNA. The relative hTRH-R
gene expression of pituitary adenomas did not differ
between the tumors without the mutation and those
with mutation (0.64+0.29 vs. 0.11+0.11) (Fig. 6, 7).

DISCUSSION

The paradoxical GH response to TRH is observed

(B)

Fig. 6. Expression of gTRH-R (A) and hB-actin (B) gene in the GH-secreting pituitary

tumors.

Table 1. Laboratory findings of the patients with GH-secreting pituitary adenomas

GH responses to TRH(ug/1)

Relative expression of

No Name  Age/Sex Gos gene mutation -4
0 min 30 min Result TRHR gene(x 107)

1 LHS S8/F 201 CGT/TGT 9.0 93 - 0.02

2 KSI 44/F - 334 163.1 + 0.68

3 SKC 43/M - 16.0 263 — 0.32

4 KSH 37/M - 183.0 170.3 - 1.43

5 SMH 39/F 201 CGT/TGT 9.0 5.6 - 0.00

6 KIS 37/F - 53.0 335.8 —+ 0.12

7 JYN 37M 201 CGT/TGT 30.8 297.2 + 0.43

8 JBH 63/F 201 CGT/TGT 17.7 421.7 + 0.00




106 SJ Park et al.
1.549 1.5-
- A Y 4
° o
c c
L) o
®2 104 22 1.0
2 ] 2 [}
s © s ©
X 0 x ¥
w . w A
o Z o2
> E 0.5 . >E 0.5+ .
= . ke .
) Q
(2 (4 .
0.0 ad 0.0 "an
with without with without
Paradoxical Response Ga ; Gene Mutation
of GH to TRH
(A) B)

Fig. 7. Relative TRH-R mRNA levels in GH-secreting pituitary adenomas with or without the
paradoxical of GH to TRH (A) and with or without the Gas; gene mutation (B).
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Fig. 8. Point mutations at codon 201 of Gas gene in
GH-secreting tumors. (A) Direct PCR sequencing of the
genomic DNA from the peripheral blood leukocytes
shows only normal allele CGT. (B) A mutant allele TGT
(Cys) and a normal allele were found in the genomic
DNA prepared from the tumor.

in a considerable portion of acromegalic patients.
Although it was suggested recently that increased
GHRH level may mediate the paradoxical response
(Hulting et al, 1992), the expression of TRH-R,
presumably from the dedifferentiation of tumor cell
membrane, has been proposed as a mechanism for the

paradoxical response for decades. The hTRH-R
cDNA, recently cloned from a GH-secreting pituitary
adenoma, was revealed to be identical to that from
normal human pituitary gland (Yamada et al, 1993).
It supports the possibility that the paradoxical
response to TRH is- mediated by hTRH-R. However,
a recent study demonstrated that \TRH-R mRNA was
expressed in the pituitary adenomas not only from
acromegalic patients with the paradoxical response of
GH to TRH but also from those without the
paradoxical response (Kaji et al, 1995). In this study,
we also confirmed this finding.

The discrepancy between the paradoxical response
and the expression of TRH-R gene suggests at least
two possibilities. Firstly, the expression of hTRH-R
gene is not enough to elicit the paradoxical response.
Other factor(s) in the TRH signal transduction
pathway, including the coupled G protein, may be
involved in determination of the paradoxical response
to TRH. The paradoxical response of patient 8, even
though no hTRH-R was detected, suggests the other
factor(s) is even more important. Secondly, the trans-
cript detected by RT-PCR may not reflect the normal
functioning hTRH-R. For example, an alternative
splicing of human GHRH receptor, which in turn
produces a truncated receptor, was reported recently
(Hashimoto et al, 1995). This possibility needs to be
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investigated in the two patients who expressed hTRH-
R gene without presenting the paradoxical response.

The results from our in vitro study also confirmed
the previous report that demonstrated that rTRH-R
gene expression in GH3 cells was decreased by
agents which elevate intracellular cAMP (Fujimoto
and Gershengorn, 1991). The effects of the agents
were not affected by the presence of cycloheximide,
indicating that all agents affect the transcription of
TRH-R gene. TRH is known to initiate some of its
effects by interacting with its receptor on the cell
surface and that the TRH-R is coupled to G proteins
(Hinkle, 1989; Sharif, 1989). The decreased trans-
cription by cAMP suggests a negative feedback
between cAMP and TRH-R, and indirectly supports
the possibility that Gas gene mutations suppress
TRH-R gene expression.

Somatic mutations of Gos gene in GH-secreting
pituitary tumors have been reported in 30~40% of
acromegalic patients (Spada et al, 1992; Yang et al,
1996). Mutations in these tumors replaced Arg 201
(wild-type codon CGT) with either Cys (TGT), His
(CAT) or Ser (AGT). And the other mutation re-
placed Gln 227 (wild-type codon CAG) with Arg
(CGG). The mutated Gus is unable to hydrolyze GTP
normally, which results in the activation of adenylyl
cyclase and the increase of intracellular cAMP levels
for a longer period time.

It was demonstrated that cultured cells expressing
mutant-type Gos had higher cAMP levels than those
with the wild-type (Gaiddon et al, 1994). In this
study, we demonstrated for the first time that the
transient expression of the mutant Gds gene (Q227L)
in GH3 cells, which is known to inhibit the GTPase
activity to the same degree as much as R201C
(Landis et al, 1989), also decreased the transcription
of rTRH-R gene to a similar extent induced by the
above cAMP-elevating agents. This finding supports
our hypothesis that Gos gene mutations suppress
TRH-R gene expression.

However, in this study, we could not demonstrate
that the mRNA expression of hTRH-R in GH-
secreting adenomas with the Gds gene mutation is
lower than that in tumors without the mutation. The
discordance between this finding and the result from
in vitro experiment can not be explained clearly. At
least two possibilities remain to be investigated.
Firstly, a limited number of subjects may not be able
to provide a statistical significance. The hTRH-R
transcript could hardly be detected in 3 of 4 tumors

with Gds mutation, whereas it was readily detectable
in all tumors without the mutation. However, the
wide variation of the amount of hTRH-R gene
transcript may attribute to the negative result. Se-
condly, the possibility can not be excluded that the
suppression of TRH-R gene expression induced by
acute increase of cAMP may not occur in some
tumors for unknown reason, such as the tumor of
patient 7. The tumor of patient 7, in fact, showed a
higher expression of hTRH-R gene.

The present study suggests that the expression of
hTRH-R gene is not likely to be a main determinant
for the paradoxical response of GH to TRH, and that
Gos gene mutation tends to suppress the gene
expression of hTRH-R in GH-secreting adenoma
although not statistically significant. It also suggests
a certain predisposing factor(s) other than Go, gene
mutation may play an important role in determining
the expression of TRH-R.
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