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#3 ¥s}4=4 Gonadotropes$} Somatotropesoll A ¢l Growth
Hormone Releasing Hormone 3%z} 2+
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Rat Gonadotropes and Somatotropes Express Growth Hormone Releasing
Hormone Gene in the Pituitary

Sung-Ho Lee
Department of Biology, Sangmyung University, Seoul 110-743, Korea

£ ok : Growth Hormone Releasing Hormone (GHRH)L FHZEE9] A2 RE T4, BH = o] AR -l 7tke] £
WA E B3 HEeA A G B28k Growth Hormone (GH)2l 018 &3}, A AsiitdA B8 HE 94 Releasing Hormone
o] 48] AN 2HAME HEHT 2 F)HA 715 & FYUTE AH0] A A7AE ) g ol A E
S Aoz B 47AE GHRHZF 849 Haed A3 H5A 25 {8 STNTFEI 288 7He4de AT
GHRH M Ee}o] =9 mRNAS &9 F2E 79317 95t Hata9 vy A £ E AHE-8le) GHRH immunocytochemistry, ¥A}
W&y GHRH PCR3 RNase protection assayE A}3)3}91t}. Immunocytochemistry®] 3} gonadotrope (%)%} somat-
olactotrope (£7+3)2 %3 H¥E AXEoA GHRH g4°] ey, Somatolactotrope’d FFAE¢) GH3 celi' 22 EdA
immunoreactive GHRH7} #Al &4y o g2 H &5t} 37 rapid amplification of cDNA end (3-RACE)E A ?:53‘?} A3, 87 o
44 o) GHRH transcript7} 24813, 2 3" end 2-80) & 2 2] GHRHY £Y3HS 913ttt GHRH RT-PCRUAME
B}eA| 9 2HM EFE4] aT3 cell (gonadotrope’d)sH GH3 cello)A] oA} AE-Eo] ZZ 8¢t} RNase protection assayS A3 3 2
3 dadA o] s HEeAY GHRH 444 230) $714 S I3 o4 25} GHRHY} M &3 H g4l gonadotrope
¢} somatotropesli4] ¥ 3L, paracrine = autocrine A EAZ #-8-3led GH £ Y= H31¢H 214F 11]¥F\=-:ﬂ 3o g
Bo 2L AN

ABSTRACT : Several lines of evidence indicate that some neuropeptides classically associated hypothalamus have been found in
‘pituitary gland, suggesting the existence of local regulation of pituitary function. Among the hypothalamic releasing hormones, genes
for TRH and GnRH are expressed in the rat anterior pituitary gland. The present study was carried out to investigate the expression
of the GHRH gene in rat anterior pituitary and the pituitary-derived cell lines. The presence of GHRH transcripts in pituitary tissue
was shown by 3" rapid amplification of cDNA end (3"-RACE) analysis. In reverse transcription-polymerase chain reaction (RT-PCR)
study, GHRH ¢DNA fragments were amplified from two pituitary-derived cell lines, T3 cells originated from mouse gonadotrope
and GH3 cells from rat somatolactotrope. Immunoreactive GHRH was detected in large and medium-sized pituitary cells by
immunocytochemistry. Significant amounts of GHRH-like molecules were found in the GH3 cell extracts. In RNase protection as-
say, the level of pituitary GHRH mRNA was augmented by ovariectomy. These results demonstrate that GHRH géne is expressed in
the rat gonadotropes and somatotropes, and suggest that the pituitary GHRH could be participated in the pafacrine and/or
autocrine regulation of cell proliferation, as well as promoting growth hormone secretion.

Key words: Anterior pituitary, Gonadotrope, Somatotrope, GHRH expression.

itary)e AZA L GENAZ XA A= A, F

M B A, 3%, 2%tk 959 24 F oY AeEde T

Fhe 2YEEN, BAA F4 7Y AA ol =g

255 AP (hypothalamus)sh H3HFA] (pitu-  E2EEo] o B0 T4 ulge] LelA itk o] 7Hew
44718} ol At e 2 o] o)A Growth Hormone Releasing
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8 H&t5A A9 somatotrope FE somatolactotroped]]
282310} Growth Hormone (GH) £¥]& 23t} (Guill-
emin et al., 1982; Gick et al., 1984). ¥¥)¥ GH= 7+& Y]
23 A oy ¥3FH 73] 3F-23}9 insulin-like growth
factor-1 (IGF-D& i/l 2 3t A 29 A4, dAte 3&F
z4 5 o8 4824 715 ¢ F939, GHE T4 IGF%
o] AAEEe HakeAd JAA ol L& 3
B AAER-H8A- 83 71%  (hypothalamus-pituitary-
target organ)®} ZE2E & FAT | & 4HA Ut Ma-
yo et al., 1995). '

W AR BHZE2RE hH dEUF A oE
A= Aok, 2, et Sl TEF L, o] G A
Akt e) A9 (extrahypothalamic region)ollA] autocrine %
£ paracrine 2R} 715-S o] ¥ A Uk (Pfaff
et al., 1994; Richards, 1994; Gnessi et al., 1997, Zoumakis
et al,, 1997). 3% GHRH Ze) % (acromegaly) $3}
9 HAAY H2ZRY RHE HAgo=glon, o
GHRH7} A)48HE99 =AM E 33E F e 7H7
AAbake Aot (Guillemin et al., 1982). &
A7A GHRH 4227} ¥ (Margioris et al., 1990), B4
(Befry & Pescovitz, 1990), 4 (Bagnato et al., 1992), ¢}
T (Weigent et al., 1991)o| A Zd Fo] R H AU

HaeA A R A AXSA AR £
F 282l TRHS} GnRH7F wd o] gelA 313 (Houben
& Denef, 1994), &3] human GHRH fAA& &)
= 3248 479 A Az HaeA AGelA
WAR = A9 ZE A% (adenoma)o)4] GHRH mRNAS}
Heloluyt EAgto] BT (Mayo et al, 1988; Levy
& Lightman, 1992; Rauch et al., 1995).

HalpA AG AREY LA, 319 2L HE A 9
Ho o 2AEZHE Y 99 Yoz HaFAH 22 &
AE 93] 3o A= A 478 A
5 TH8 B v GHRHZL H3FE9 HatFAdA $3
o] AX E3te} $49 2 § AR YA HA &
zA50)q 715¢ BPY 7HeAel ¥ o2 FHEG
e A7 BAAA HekeA AgoA e GHRH &
Az dda 24 713 A3 A7 AR APy, &
ALAE HokeEA] AGaA e GHRH #42 @dds A%
32 AAJAE HEE7] A3 HAspFA S o] 2R E
HE S MEIFES AS2 GHRH Heol=e) &30
¥E& MAMAY9S3Y (Radioimmunoassay, RIA)# im-
munocytochemistry¥'# © 2, GHRH transcript®] &&= 37

& Agr

0

de o
fy Ad

PRERR

-Rapid amplification of ¢DNA end (3-RACE)$} revese
transcription-polymerase chain reaction (RT- PCR) H'H 2.

2 AT

Jél

o3t

EXT

L8 S

AU g AYEE AHAeA] 83 (Sprague-Dawley
strain)& 14417010417} (light : dark) 33 7] StollA] ad libi-
wm ZALE ALSEHAY. AFHEYOE FES AT
3 &4 HgeA AGTE Qo trypsin A F G A2
E2 FY& AFsAY 48 FA7A 70T BAEG
o

2. M|z ey

HaleA AEE HaE BEZE ZA AE F trypsin
(0.25%, Sigma)g Agst Bd AXEZ LAt TF
MEF (T3 celldt GH3 cell; from Dr. K. J. Catt, USA)&
2 Moz AT AT ATE UF nae
o A2 H A DMSO A& AAG H AH&sisih B
= 29 TS QX109 cells/wel) & 37C ¥%F7] (95%
air, 5% CO.)9A 10% fetal bovine serums} &4 (100
Ufml penicillin®} 100 pg/ml streptomycin)7} 7} Dulbe-
co’s Modified Eagle’s Medium (DMEM, high glucose form,
Sigma) 22 v FST}. 48417 T AW F F 2 HAFE
88 v ol A= serum-free DMEM O 2 FA|3}32, of7]9
53 24& 98 A28 ASES AUt

3. GHRH Immunocytochemistry2} SA}HAEX

37 9] HaleA AGH ENA Y immunoreactive GHRH
9] AW £¥ & Rat GHRH antiserum (Peninsula, USA)
7 Immunohistochemistry detection kit (Amersham)Z A&
Bt} &ZAb8l4 . Chamber slide (Falcon, USA)d|4] 347+
ate] RN HEES 1% BSA7F L3E PBSEY0
2 AT ¥ 1% glutaraldehydeg B 02 FAANI) 1L, 4%
Normal rabbit serum¢] ¥ ¥ phosphate buffered saline
(PBS, pH 7.0) €902 12417} F¢t ¥H-EA AT o749
Anti-GHRH serum (1:2000 dilution)< 7}8t3 4ColA 12
A7+ ¥ke-A17] 5 immunogold silver staining kit (Auro-
Probe™ LM3} Intense™ M) & Al&3}ed GHRH positive
AZEES FETA oA At FHd H 3t
% AXFEL 0.1 N HCI (10 vol) #9402 B3l7 9
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A& (10,000x g)F F3HE do] ¥ GHRH &<
£4 8tk GHRHS %< £%-2 rat GHRH radioim-
munoassay kit (Peninsula, USA)E Al-8-3}] | F219] W
< w2t s

4. RNA2} DNA 24

1) Total RNA £&

Z3 3 v g3t A EZRE S RNA F2& acidic guan-
idium thiocyanate-phenol-chloroform ' (Chomzincsky
and Sacchi, 1987)& 7|22 AZ¥ Trizol solution
(GIBCO)E AH&-3t] Aldstitt. HT pelletZ 75% etha-
nol® A& A%xAZ & DEPC-waterd] ¢ § UV
spectrophotometer2 A sttt Poiy (A) RNAVF Ha3
7%+ Dynabead Oligo d (T) (Dynal, USA)E A}&-3l &
Z Eesgch

2) RNase protection assay (RPA)

GHRH RNase protection assayss= RPA II kit™ (Am-
bion, USA)E AF&-3to 3atgict. AL&H 32P-UTPZ %
Al¥A]¥ GHRH antisense RNA probe 5% urea-
polyacrylammide gel& AH8-3t] Hf o)} 2719 F-E9&
£ F&319 7+ 2F A A& RNAS tube hybridi-
zation_oﬂ AH&-E R oh

3) 3’-RACE®} RT-PCR

RNAZE reverse transcriptase (RNase H- SuperScript II
RT, GIBCO)$} oligo d (T),s primerE Al-&3}e] cDNAE ¢
Azt 9AHAEE cDNA$} Tag DNA  polymerase
(Takara)& AH&-3td PCRE 8% H, 2 A& 27|
2% agarose gel& AL A7|gF o2 #olaytt 3-RA-
CE¢} RT-PCRe||A] AHE-# primere] 947] A gL deiz 3
# A/33HE¥ GHRH cDNA 4714 ¥ (Mayo et al., 1984)
£ #F32 AZAs5eH (Korea Bioneer), 3-RACE A =
5’-catgaacaggcagcaagg-3” (sense primer in exon 3)3} oligo
d(T)s primer (in poly (A) tail region)] &1, RT-PCR oA
£ 5'-ggteagtgggacctgagecag-3” (sense primer in exon 1)3%}
5’-gaggecteaageetecgetga-3” (antisense primer in exon 5)%
t}. PCR 48 ZAL Hx 94CA 2827 denaturation
18] A8 % denaturation (94°C, 30%), annealing (52°C, 30
%), elongation (72°C, 1) #3-& 353] HhE AA Y J
Z 20 2 13] extension (72°C, 108)& A3 3t}
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4) Southern blot assayZt partial DNA sequencing

PCR3} 3-RACEZ A&q A& FZHAe7}t 94
A71%9 %% Southern blot assayE A8}, PCR AHES
PCR based dideoxy chain termination ¥ 2.2 §7] A€
& ZALEHA 3l whgo] dolitdS FlE ATt

2z 3

1. =fotEH] MMt GH3 MZ Lo 2238k immun-
oreactive GHRHS| Z&

GHRH immunocytochemistryo]4] 1% A2 normal
rabbit serum& AHEF L w= Y-GS HEEHA &
kot (Fig. 1A), anti-rat GHRH antiserum (Peninsula,
1:2000 dilution)g AL o 5y AXgA Hxe B
ZRYe AEAGN IF F4-FANEo] AZHIOH
E3] gonadotrope® FAHE =77} & AXEF} soma-
totropé EE lactotropeR FAHEHE 7 37 AT E0]
GHRH positiveZ e}ttt (Fig. 1B). A&¥ GHRH7} A
et A BHlEHo HEleA] Axe] A A
FA ZH serumO ZXE F D 754 HoleAl A
¥E 4847} preincubation® 33]2] AT 41X FHL A
3 T t}A] serum-free media® ujFE P o w2 w4 =)
$# somatolactotropeZ5-H 2 ¥ GH3 cell F2ES ¥
=YE A8¥ F GHRH A9 SRR S +98 4¥0
A] dose replacement curve®t GHRH standard curve7} 33}
& HolEZ immunoreactive GHRH7} GH3 celllo] &
Aol FHEAY (Fig. 2), ¥ AF ] gonadotropeZ
B fid Ao2 FAHHE oT3 cell FE2ES AMEE WAL
WIS TN O3 ol F2EE AHE2 A 1T B4
e FEtto] A2HJEH, ole AN ALEE 8F
)3 GHRH antiserum®] 4% GHRH He}o] =0 o] &t af-
finity7} EQ @7 qfE o2 4 Hr} (data not shown).

2. =[31=H| GHRH transcriptel ZXH &f0l

379 AR, A4, HulA 2¥EE GHRH
transcripte] $52 22 EAlshs $EF exon 39 Y39}
oligo d (T)sZ Z+2} 55} 37 primerE AL4-3+ 3-RACES)A]
Az, Bk, AR A 3&3% RNAZYE 33 258
bp 2719) 3F o] FEHUYEH, o] AFE o|F 27
o &) 5= GHRH transcripte] 3” —‘:,L’—E-‘ﬂ exon 3 ©] 3} A
poly (A) tail #E71A7F TLeE vt (Fig. 3). &4
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x ERERE

Fig. 1. GHRH immunocytochemistry. In this study, normal rabbit serum (A) and anti-rat GHRH antiserum (B) were used
as primary antibody. Secondary antibodies (anti-rat goat serum, from Vector) and immunogold silver staining kit (AuroProbe™
LM} Intense™ M) were employed for color detection. Magnification, X400.

GH3 cell extracts (1x105cells)
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Fig. 2. GHRH radioimmunoassay (RIA) parallelism.
Competition curve with increasing amounts of GH3 cell
extracts was parallel to GHRH standard curve with known
amount of GHRH peptide. Cells were homogenized in 0.1 N
HCl (10 vol). After centrifugation (at 10,000X g for 10 min),
the supernatant was neutralized with 1 N NaOH prior to
GHRH RIA.

AAQ HetsA AF 24, oT3 cells GH3 cello] A
2% RNASH AA4H823 exon 1 (sense) R 359 exon 3
(antisense) primers A}&-3+ RT-PCROA A& A3, o] &
AXEME GHRH7} 48EL SA3gtt (Fig. 4).
GHRH RNase protection assays A8 3t A3 HAE A A

Fig. 3. GHRH 3’ Rapid amplification of ¢cDNA end (3’
-RACE). See ‘Materials and Methods’ for detail.

§ 719 H3l<A GHRH transcript®] ol 34¢ B+E
o &4 et (Fig. 5). $A19] A3 (Fig 131 4)oA B
o7 upg} 7ol M a4 GHRHY w3 o] gonadotropeo]
A A 22 dojyrz dAaHEA 32 gonadotrope 59
F7tel o3} ¥ 33 GHRH transcript®] F&0] 5 3te
ALoE A4
= 9

A 100787 A oJulojA ] ofa] A4 B
ZEEEY g A7 A% T2E FFolu Hujof W
479 TN AR T2 FE 2F 7139 AR A
AEQL, 7 dAE A 2HE2 gr=of £4)
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3 4 5

1 2

Fig. 4 GHRH RT-PCRs. Sense (within the hypothal-
amic exon 1) and antisnese (within the exon 5) primers
were used in this study, Lane 1, DNA size marker; lane 2,
pituitary; lane 3, GH3 cells; lane 4, «T3 cells; and lane 5,
PCR without RT for negative control.

12 3 4 5 6 7

| <215 bp

Fig. 5. GHRH RNase protection assay (RPA). Lane 1,
32P.UTP labeled GHRH RNA probe; lane 2, with placental
RNA; lane 3, with testicular RNA; lane 4, with ovarian
RNA; lane 5, with hypothalamic RNA; lane 6, with pitu-
itary RNA from intact female rat: and lane 7, with pituitary
RNA from ovariectomized rat.

SEEEY 2FE0HQ FAA T T 2HIF5E]
g gt TH4FY A4 GHRH mRNAY A7)
o 0.75 KbZ A H T Ut} (Mayo et al, 1995). 8] A4
53 9] GHRH +38#= 3717 ¢F 10Kb =9 @4
ARpo] L 5719} exond 2 EAFEH, ©] F exon 33 4¢]
Qo GHRH #Heloj= AMdYo] codingdo] UL 2
GHRH 3 E}o}= A4 (preprohormone)= F 103~ 1087}
9] ojnjx=2to 2 LA dAHETE (Mayo et al., 1984).
A4s8d GHRH fdzke 83, A3, dzeA 33
TATA box% CCAAT boxE EHd AFHQY Z2REE
zZreth (Mayo et al, 1995). & homologous recombi-
nation technology (gene knock-out)E AM4-3l] Hox family

& 395 bp
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o 9o BFHE Gsh-1 homeobox FAAE H&A)
AAA A3 GHRH 44 @8 o] AlgA e, 57|
FAE H3}4A gonadotroped] LHS} FSH #¥]% £ 3
=2 Agtso] Bdo] o] B} (Liet al,, 1996).
ANZHEZQ Gsh-1 FARAT} 8F HegAdM e dd
Heg AL EL & {3443 GHRH 289 =4
o] 23] Gsh-1 homeobox proteindl] &3] ZHHE o2
BT (Lee et al, 1998). 3 37 AlF3lHolA 9] GHRH
FAZ H8 vX & A4 2E R0 =9 YYFOE testos-
teronee ZR1Z0]3 estrogene A ZFQ A#HE vz
(Zeitler et al., 1990). GA2AA] (ovariectomy)E A& 3¢
vA2RE BEuE estrogend] 9§ AF Nio AFZR
A3t} H3tA AHW gonadotrope 7t FT7HSHL o] oA
g% LHY| £47t 343 458 F 9] Abdoltt (Karla
& Karla, 1983). & 4394 RNase protection assays= ¥
81474 GHRH §4# @do] Aatiox g} npziz 2
Wi 2E|2o|Eo ofs) AT 1 WE AHEe] A4 AN
8} 249 FAF 75 E 1Y FUTH

A3ate] 2F o)A Hd=E GHRH transcripte] 2
e 2FEEE Koy o|24E HAHE GHRH e}
o|=9] A= APFEHEF R g, olF T AR S Al
X 7|do] 23 Ao g Jolg 25 Y= &4 23
Eo] Z7) & W 2 GHRH #AAE FFA P& A
3t} (Margioris et al,, 1990; Berry & Pescovitz, 1990;
Weigent et al., 1991; Bagnato et al, 1992). 339 ejuty
GHRH mRNAE AsH-3 3 fAHE 27 (0.7 0.8 Kb)©]
Aet 2 gy o] AMLEE ZEREE AR oREEH 5
W&o E 10 Kb F& Eo|A AT TATA box7t §l=
eln], POU gene familye] &<l Oct-1 homeobox pro-
tein®] T3 concensus binding sequenceSg ETTTH
(Gonzalez-Crespo and Boronat, 1991; Mayo et al., 1995).
T 37 J4ox 9 GHRH &3 guty T2 g9 oA
o|ZFH 5 WFLE 700 bp FE FofA X AAF F&
EoldQ Z2RE7L FAd AMEEA, ofn] F4Y ZER
Blo) &% 175 Kb 2719 mRNAV} F2 AT 712
A 709 alternative splicing varianto] 3o ¥ 15%]
t} (Srivastava et al., 1995). o]} 7to] A|AsliL e RA 5L
Folf Z2REY AR E ZEoE2N 2F 50
A HANAF- 19 57 UTR #E$ 2= o8 £39 tran-
scriptE AAtste A0 FAHEY £ A7A 5L 83 o
8l44] GHRH transcripte] 27]7} d# 2l A|AEEE o)
A28 A9 FAEE 9 0.75 Kbolx, 5-RACE 438 &
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53 83 Aol 379 553 GHRH 449 =
ZRE7} FFeto doldt AANAIEYSY 5° UTR F&5
2= 370 $3 Y transcript7t EAY 7FsAFH 2 F A8
2o 714 wol EAE 71e8E BT v Aot (Lee et
al, 1995, 1998). o|s} 72 #F Y A3 HYGA<
GHRH 312t &0 AHEHE Z2RE Y 2 284 33
EZARESY A1 e STHES FA E Aol

A9 2HE5S GHRH #A4 4E5S 727] 24 &
o]Zl £=& o]&3it}. Hult GHRHE F2E cytotropho-
blast, giant trophoblast®} labyrintho]ld WHE W fetal
growth hormone} placental lactogen®] ¥4 & @ 5= A
o=z woltk (Margioris et al,, 1990). A &M+t Leydig Al
Fo} AAAENA dAREY, 2HZO)E P B BHE
A 7% 0] FAHAUL, Sertoli M 75 24 4 FAHA
#Ho zAE HAostelet o 4drt (Ciampani et al,
1992; Srivastava et al., 1993). 8# ¢ d4d= GHRH B
Vasoactive Intestinal Peptide (VIP)] o] & =& 7} S
B, GHRH7} &3] granulosa A X504 €3 o] A E
°ole ¥ eHlE 2l M= Moretti et al,
1990). GHRH$} VIPE Glucagon/Secretin familys] 345
GHRHS 7% VIP &A% A4 4 sled, 442
31# o] GHRHS} VIPe] th & 84 9] ofr et B g7] A
g oidd] frABY (Mayo, 1992). wehr st
GHRHE GHRH &4 Bt o}ug} VIP 840 = A%
8] 248 7MsAdo] 1o B2, GHRHY} somatotroped] Tt
Aoz #43te GH BHE 33t 7189 49
GHRH7} VIP F8A & 2= T8 4389 A 4Alxe 84
ZHd = #4F 7H5A & FstoF & Aot

GHRH®] 2&50)3Ql #d3 750 EAPA=E E7

SMYF BEA AHY AR o s 2 vga) R HatrA]
(hyperplaétic pituitary) & 7244 H 1 ZFFF 02 108 o]}
Z A TFoE AP, o] AF Y HdeA AY
3 #% SolA thge GHRH HElojz, 53] o3 283}
Eo] EA%te] RaEtt (Mayo et al., 1988; Frohman
et al, 1990). £ 7k HdtrA oM AAHE AF 7H
¥ tsold GHRH mRNA7F #4353, HPLCE A&
ArddlM e 2o HeteA AY AF9 S/l g Sol
& 53] 18xY GHRH HEpo|=So] £A3 o] By
ATt (Levy & Lightman, 1992; Rauch et al., 1995). o]# %t

WA 44

A5 GHRHY} HakeRloA e 322 24 24 7%
2 AX B3 Z4 340 F27 9L 93 7}
& AARE 2, 42 GHRHYF 238 = =i,
&, dA, UST § 94 BE AR Ego] 45 I3
Q 237} dojve 2SO, WA FIAEF
GH39} oT3 Al ¥4} GHRHZ} Hd g & B & AFolA
o) Ate YA 8 HaeA FZEF trypsin A E
2 H35A AGAE F2E 2 AZNYG F A& WY
d = GHRH7} AEEE I 71&9 BT (Lee et
al, 1995)¢} Tl o] GHRH7} 3% Aok AEL E€ 2
g AFH T3 AT P 230 B 5L B
3 AlAbie) o] @ FF oM B o) ¥etA] GHRH -3
2 gds 28 2 2350 Jlge] @ At 23F
AE 23} 712 38 ST 2 Y23 os) g F2A
7 d 7148 o4g¥ch #2 multiple endocrine neo-
plasia (MEN) 249 98} Yehtes 3344 adenomad]
734 AU OE 199 4 T4+ 22l hormone-depen-
dent neoplasia BA & AX FYLE AAHEY, WA A
U 33 F¢2 AAT FAx A ALt gt
449 ZddA HsiA GHRHY {34 ¢34 23
o] B3t 7= W34 adenomad] Yo A FHE AF
e HE 783 Aot

oX off rlo

=
AEE

r
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