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=Abstract=

Biosynthesis and secretion of anterior pititary hormones are under the control of specific
hypothalamic stimulatory and inhibitory factors. Among them, Growth Hormone Releasing
Hormone (GHRH) is the major stimulator of pituitary somatotrophs activating GH gene
expression and secretion. Human GHRH is a polypeptide of 44 amino acids initially isolated
from pancreatic tumors, and the gene for the hypothalamic form of GHRH is organized into 5
exons spanning over 10 kilobases (kb) on genomic DNA and encodes a messenger RNA of 700-
750 nucleotides. Several neuropeptides classically associated with the hypothalamus have been
found in the extrahypothalamic regions, suggesting the existence of novel sources, targets and
functions. GHRH-like immunoreactivity has been found in several peripheral sites, including
placenta, testis, and ovary, indicating that GHRH may also have regulatory roles in peripheral
reproductive organs. Furthermore, higher molecular weight forms of the GHRH transcripts were
identified from these organs (1.75 kb in testis; 1.75 and >3 kb in ovary). These tissue-specific
expression of GHRH gene suggest the existence of unique regulatory mechanism of GHRH
expression and function in these organs. In fact, placenta-specific and testis-specific promoters
for GHRH transcripts which are located in about 10 kb upstream region of hypothalamic
promoter were reported. The use of unique promoters in extrahypothalamic sites could be refered
in a different control of GHRH gene and different functions of the translated products in these
tissues.

Somatotrophs and lactotrophs have been thought to be derived from a common bipotential
progenitor, the somatolactotrophs, which give origins to either phenotypes. Although the precise
mechanism responsible for the lactotroph differentiation in the anterior pituitary gland has not
been yet clalified, there are several candidators for the generation of lactotrophs. In human, the
presence of GHRH peptides with different size from authentic hypothalamic form in the normal
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anterior pituitary and several types of adenoma were demonstrated. Recently our group found the
existence of immunoreactive GHRH and its transcript from the normal rat anterior pituitary
(gonadotroph> somatotroph> lactotroph), and the GHRH treatment evoked the increased
proliferation rate of anterior pituitary cells in vitro. The transgenic mouse models clearly shown
that GHRH or NGF overexpression by anterior pituitary cells induced development of pituitary
hyperplasia and adenomas particularly GH-oma and prolactinoma. Taken together, we
hypothesize that the pituitary GHRH could serve not only as a modulator of hormone secretion
but as a paracrine or autocrine regulator of anterior pituitary cell proliferation and differentiation.
Interestingly enough, the expression of Pit-1 homeobox gene (the POU class transcription factor)
was confined to somatotrophs, lactotrophs and somatolactotrophs in which GHRH receptors are
expressed commonly. Concerning the mechanism of somatolactotroph and lactotroph
differentiation in the anterior pituitary, we have focused following two possibilities; (1) changes
in the relative levels or interactions of both hypothalamic and intrapituitary factors such as
dopamine, VIP, somatostatin, NGF and GHRH; (2) alterations of GHRH-GHRH receptor
signaling and Pit-1 activity may be the cause of lactotroph differentiation or pituitary hyperplasia
and adenoma formation. Extensive further studies will be necessary to solve these complicated
questions.

Elo]=x]go] ¢t3 o)) GHRH HEto|=
ATAE oF 103-108 /]9 olnito 2 TAH
gle}l o A"} (Mayo et al, 1985). A|438l53
GHRH Azt Arg, 83, AF A F39)
TATA box$} CCAAT boxZ ¥3g AP A =
EREE ztEr) (Mayo et al., 1995). A]7G3H%
olx] GHRHE 283 AXTES A dFE
arcuate nuclei A9, £3] ventromedial hy-
pothalamus (VMH)$} dorsomedial hypothalamus
(DMH) A 9o 9 x]8}3 It} (Mayo, 1989). A]73

M ooE
1. AlatstR el GHRH

Growth Hormone Releasing Hormone (GHRH)-2
44749] obvetto 2 P E et T2 8
SR, ATEFETEY AN T
ENAE B3 H3FAHR EH =] AG 9
] 3 somatotroph TEi= somatolactotrophdl] Z}-&3}
o o]E=Z % E e Growth Hormone (GH) 4] &

Z2 %t} (Guillemin et al, 1982; Gick et al,
1984). 2u]® GHE: 7+ =9 AU o8 2% 7]
Fol] 283} somatomedin C F %= insulin-like
growth factor (IGF)Z vl 7] 2 &to] A2 9] A 7 o]
U oAtz gD 28 e 75 sa s, o
A] o} somatomedin C =+ IGF= GHe} &4 A
Forish HeteAlo AAA Hol=uzee
e A s A Re 52EES
A go] & & A Y} (Berelowitz et al., 1981;
Mayo et al., 1995). GHRH?] #A2 G71gdL&
ge A4 PussEse v Had
27 geged, 97, 47 2P AP
GHRH mRNA®] =7+ <F 750 bpE FAH 1
A (Mayo et al., 1985; Suhr et al.,, 1989). 3%
Al7etE-3 el GHRH 3 2= 27171 <F 10 kb
AEQ T fHAelm 5709 exono 2 F3]3}
£, ©] & exon 37} exon 42] 2 E.o] GHRH %

3o A 2e] GHRH f-AAEdA ] e A7
2}o] & Ho|m (Argente et al.,, 1991), 19] | = o)
ALg 9] Ao, AT, agn Fale F5 T
of o4& wha} Aojgt S Bt} (Bruno et al,
1993; Mayo et al, 1995). EF-5E2] 2759
ZHo B AFE-HIFA- B LE e
FT2EZ9 3¢ 7|#ES GHRH #-AAEE
Z 93 9L A=Y, EF A HExH
Ee 2739 ada d2EZAL A3
EHE 1XYW (Zeitler et al., 1990), ¥ 3l 2 A|
(hypophysectomy)= 4271zt < F7hd 28
< 422171t} (Mayo, 1989).
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CRH)E 0] 9] t}& xlgdoli} Aaldh, ent 59
ZAENNE FdHo] B ATAE o3 W
HH e, oz AAsES] A (extrahypo-
thalamic region)ol| A 2HE &= HFHZ2R2EL 1
ZAY QA Z2R2EAARZAY A3 Ve F
Pt ol HIAUAY FAHR o
(Khodr & Siler-Khodr, 1989; Shambaugh et al., 1983;
Yoon et al., 1988). &% Algte] GHRH:: acrome-
galy #xte] HAde g e FE. A=,

o]y GHRH7} A)4}e }"T"'Q’]QJ ZANME GdE
& itk A AL3E Alxbshe Rold
(Guillemin et al., 1982). é}_xﬂi & 2712 GHRH
AAE ey Margiors et al,, 1990), 3 & (Berry &
Pescovitz, 1990), ‘4 (Moretti et al, 1990b; Bag-
nato et al, 1992), ¥ =7 (Weigent et al, 1991),
Pheochromocytoma (Saito et al., 1993; Lee & Catt,
in preparation) M= @ Ho] B, o
2 Eu]3 & AMA-S GHRH mRNAS] #7|7F 2+
2A SN ol7 Uehe A3k olg 2o &
A3 GHRH Mefo] =) Z71% Al 4daie} 3
B} thFsitie Aotk (Table 1). o] 2§ U9

BunEe oo o JPeAES AASHE
olQid, AR gdor) dF WS & AA
ax gith AR =, 4 2AL 747 OE AAkE
H7) 72 AHEste] GHRH F3AE 287
ol M E7Ige] gER BYYoE o) T 3574
st gle A 2HE] A7) g BHeE
GHRH A2 FHeA7)elehe 7Hed & o
ek, dAZkA 89 Eulela wdEHE
GHRH®] mRNAE A]48iola L@ = A%
FAYEE A7)0 A HAte] AMEHE ZEREE
AdetRdel e et ol 18 FH 5
ko= 10kb A X WA 9138 TATA box7} 8}
= S3goln, ANRAEA 7h&d ] Oct-1
homeobox TrelA o] 3t concensus binding se-
quenceS S ¥3gte] LEAH Ut (Gonzalez-
Crespo & Boronat, 1991; Mayo et al., 1995). ©}A]
7 o] 93 GHRH mRNAE A|gehi-ote o
& exon 108 BE A Z 5o exon 25 EHE BY
@ F2E et ® 833 FioMe sty
ol 4] thA] 5" Wgko 2 700 bp B Hojl e
9 x8 AAEC|HQ ZIZRHE AgsiH 1

oy

N

[t
o

¢

—

{

Table 1. BF 9} A1) A|F3HEA Go A 2= GHRH

ES A&y oy Ty 245 7%
a4H
B vt THC, ISH, RIA, NB 0.7 5 fetal GH, lactogen ¥+
A A IHC, ISH, RIA, NB 1.75 5& Ea = K Rt e e
125 AAEAAE ()
Wi RIA, PCR, NB 175 & 5& 2| 2ol F§AF By
>3 16.5 o A& HA
¥ &}4a RIA, IHC, PCR, NB 08 (D) - GH (PRL) 1]
AgAEe £4 2 £5 ()
933 PCR - . .
PC PCR . - -
Abg
AHA  IHC 1.75 - g 2ol= A 1) ()
¥3s}44  IHC, ISH, RIA - 5, 10 AT B2 R £8 ()
30-45 tumorigenic activity
(adenoma)  RIA - 5 -

* Abbreviation :

IHC, immunohistochemistry; ISH, in situ hybridization RIA, radioimmunoassay; NB,

Northern blot; PCR, polymerase chain reaction; PC, pheochromocytoma.
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mRNAE 2] 73 @ 7}9] alternative splicing formo]
ZxA%e] Budydct (Sri_vastava et al, 1995). ¥4
o} 7% 1 mRNAS] 37 (>3 kb7t o8 239
A8 ARG ER I, L7 g L=
daBeldel ZERHE AlgslEdn F4H
™, o] ASox 22 Eo]3 alternative splicing 7]
Zro] 2z go] 54 €t} (Bagnato et al, 1992: Lee
et al, in preparation)., ©] 8} zto] z} A EL Ao
& Z2RE e} AAREFIE AL oBH 27
o] Q] GHRH mRNASH L@ xd7| 23 Eo
© AL R ArEHed, o AT 28713 ¢
217 vt ok A E, AFEE Y] g9 A E
< GHRH #3872 AEES 479 Fgo) 2=
gt 82 o] g3tm YUSS AA. Eiut
GHRHY¥ 2 cytotrophoblast (231)9} giant tro-
phoblast®} labyrinth (BF) A F@ =1 EAF 35
g ARAE vebled, 1 7%¥E shis
fetal growth hormone3} placental lactogens] ¥ &
A Ao g FHECE (Margiors et al., 1990).
B Ao M Leydig M ¥t AMEEANA FE
Hol EaEAE, © 4% GHRHY 7% 7}t
28 2HZolmzEEe A4 9 Eulzd
(steroidogenesis)o] Q1= %111, Sertoli A X8} 715
ZA47 otz AAE ARG AT T 3lEle} o
7Rt} (Ciampani et al, 1992; Srivastava et al,
1993). 8zle] WiolME GHRH/Y B8] gran-
ulosa MEEAM o] ARoles 2R ¢
Ao #¥E £28%e] RaHUs, GHRH E&
Vasoactive Intestinal Peptide (VIP)o}| tH 3+ 42847}
TEHF o] RT-PCR Wi o2 FHEAT Moretti
et al, 1990a; Lee et al, in preparation). GHRHS}
VIPE Glucagon/Secretin familyol] %3} GHRHS)
A5 VIP FEA9 % 88 ¢ ey, 242
## 9] GHRHS} VIPS] g F8&A 9] ofnj=qt
2 471 g-L ddd] KALSITE (Mayo, 1992). AL
A2, 8 FAAE e AA} Ei= posttranslation
oA e] A o Eed F e o
AEE, F Adold 719 Hete]l=Ee] 7]&d
geizl EApge] sjeto]=o thsl agonisti} an-
tagonist®. ZH8-3} A 1}, o] Leid W EWEEQ
71% (o, GH £H|F2)elol e HH A YA &2
2 7IES 99 ted o2, At
A 2H s GHRHE 7§ 123 7teAde] =
ez 20,

3. 4| 5l=xof A ] GHRH R XL 7|5

B d7AEe F4R 979 Haia A
o] M = GHRH7} '"H8 = 1 in viro 223} A Al
FELS 739, gHZ FEH Fd€ soma-
tolactotroph/d 2 -2zt tumor A E£9] GH3 A X
A= GHRH f&z7t 2ds 5, 344
a5 AGAEE 223 23 GHRH $30]
gonadotroph > somatotroph > lactotroph #2.2
B8 Babsled ol (Lee et al, 1996). T8 AMg
o) Watea)ol N 27EE adenoma §3 &0
AXo| x4 GHRHY mRNAS} o2 Z7]¢] im-
munoreactive GHRH #elol =7} Ejge] B3
594 (Levy & Lightman, 1992; Rauch et al,
1995), ©]21§ A#E& GHRHZ} a5 oA
o] NEEse FIHA 28 4TS B9
i Q&S AASHE ot

HANA EfEE HAstFA N9 lactotroph
2] Blol ylwzxAd JdAERA, VIP, nerve
growth factor (NGF), epidermal growth factor (EGF)
So] el go] W e} Missale et ol 1995),
I AAE BEAYBSGAQA 713 dEA YA
@t} dateAe A T AET T
A} somatotroph®} lactotrophi= bipotential3t soma-
olactotroph ™. $8 Eatettn Leid e,
ol AWAsE HA 4EEAAEL YFE
immunohistochemistry ¥3  immunocytochemistry
e dojzl AEolH dEA LR dojike
AR NM e A EEEE dsted FAV de
Aoz ARAT} (Dubois & Hemming, 1991). 4
Az QA9 A HAsteAdel 59 FHAE
(stem celly7} ZASER FAF KAF (o, 2H
Rol=3 2R)9] g3} somatotroph, somato-
lactotroph 18] 3 lactotroph 2.2 ¥31¥ 75
AL wA g 4 gk (Hoeffler et al., 1985).
o] A% e el AGAEEY FEEY
=2 o4 169 ©]3F gonadotrophe] o &F&}ol A
lactotroph 28] ¥3}7} dojvtm, £4 AF ol
ez JEgsloly FAT AEF S/ L
oji}o] &alA ¢lth (Dubois & Hemming, 1991).
Hal4a] Mg A somatotroph} lactotroph, 1
2] 1 somatolactotroph= R 5 GHRH| tjg +&
AE 22 Yok =G Fv A= GHRH 584
¢} GH 18} 1 Prolactin®] ZEZRE H9dl= &
3] POU class homeobox?] AALZZEAQ Pit-
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1o g A9 7t glu} (Simmons et al., 1990;
Mayo, personal communication). ©] Pit-12] 7 ¢ £
el 31-33 kD ¥ & & Prolactin S W ALEH L
R A7) =) wte) alternative splicingel] <8} 170
bp &< mRNA 2 B§ wEolx & 2427 kD &
H A2 Prolactin H-AALE L oA do] BHuH
Ao (Day & Day, 1994).

Abghel GHRH S48 Aogdsie 944
3 A# (iransgenic mouse)= Y F SMLZF FA
A AF] ABG oF s = voisA o355
E ZAHI ol FFHLE FYor AP
€4, $#8 GHRHE t}% §-45}% somatotroph,
lactotroph Z12] 12 thyrotroph adenoma =2 2 34
™ (Mayo et al, 1988) c]So|A & 3o
Pit-1 A o] 2 & ¥t} (Okamura et al., 1993).
ojglg AFAEL Ao FYH FAA
Z 7 3+ metallothionein I (MT) 322 R &} 2} o
g z¥Ay) BEde HAFZHoezr Fri9
GHRH @& 3 gulof 2§t Aoz Algdroh =
g AHES) adenomac]r BAHE R FAME
Al, ZFold 1¥A3 9] GHRH Felo] =7} v}k
LB HiteAe AR T EAge] RuHE%
t} (Frohman et al,, 1990). &= o] ¢} §A}8 A 7
d2 NGFE #odtdsie 32448 449 74
$% 33} A adenoma, £3] prolactinomar}
Aol B x| el (Bomelli et al, 1992). NGF&
A2AQ HAstea AANEENME §4,80)
=™ GHRH A 2jo| 93 #8]7F dAlgo] <o
Z.t} (Patterson & Childs, 1994). o]2]|& B EL
Z%8 £ of NGF9} GHRHY} somatotroph & €]
somatolactotroph®} lactotroph 2 9] E-3}oj] #od 35}
€ H3FAY FR2AAAEY Aeg 334
U, o] &0 U F3 AXE 2o daxd
EEUNS R ARy T den ¥
stxdd #oqstert 59 Vge kA ¢
A UA gt

I

A 1003719 o2 A2 952 GHRHI} A
A9 Ao §4 L FuiEy gde
EFAY 7B EE 2 BolH oz Fyeta g
¢ HaFa ok & A7AEL st
A 2¥ == GHRHZE GH #48|£32] 7] 5 9ol =
AU A GHRHY et =848 2t

Table 2. Somatolactotroph®} Lactotroph ¥} <]
THEARA 7=} ‘

1Y == 371 9599 (d2=E24)
sty FREdAAES] @4 9 B 5

{1) GHRH &3, £u]¢] ¥ 3} — (somatotroph?]

(2) NGF 2%, ¥-4]2] w3} — (somatolactotroph
29 #3213
3. = SeAlg FR2AEAAES] Ao M3t
(1) GHRH processing®] ¥} (%<& MWellA =
S MWZR)
(2) GHRH (=& VIP) &9 A&, AU
g

(3) AANZAEEA @i-1)e] Z¥eol Az} —
(somatolactotroph T7] )

(4) GH®} Prolactin f-% 2} 2@ Fe] #s —
(lactotroph TEA])

* NGFol| 9|3t A2y Aaxde ¥z} (n&

Nl
4. Phenotype2] ¥ 3}
AEHHEe 28 <£A: somatotroph —
somatolactotroph — lactotroph

E3 AT Ee E¢7 £z B3 gn
FZ3ch E Al#el adenoma®t FRAAE AFH
2d& A4S A aF 2REE T B
g WA dFAHL A5 GHRH-
GHRH =83 A3 Hg7|&e] o]ifo] X344
hyperplasia®} adenoma &3¢ ¥<ql 7bgd st
o)AV = 1 FHH A vdehde Ao HE
g} o JEch Eg A GHRHe FAAZ Y
somatolactotroph®} lactotroph2.2] E 3ol o
stelet A EH e, o] B 1) AEERA,
NGF, VIP, &9}l 532 22 7] & ¢z &
29570 A £3}, (2) GHRH =& VIP
&30 9z=e] W3, (3) 2717 ©hE GHRH
HMelolmol o8 ABWz, @) HArApHEA
(dl, Pit-1) FolA e Wz Sl 948 B2E F
8] lactotroph ¥-3}2] o] DA £XA B
AA A< | FE vIX et ALRE Y (Table 2).
A oleld NEE Sl AT AdEE] ¢
g Fo glth

ol

| S
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