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Role of Ghrelin in the Control of Reproductive Endocrine Function

Sung-Ho Lee'
Dept. of Life Science, Sangmyung University, Seoul 110-743, Korea

ABSTRACT : Numerous factors can affect the activities of hypothalamus-pituitary-gonad (HPG) hormonal axis, resulting
in alteration of reproductive capacity or status such as onset of puberty and menopause. Soon after the finding of leptin,
a multifunctional hormone secreted from adipocytes, a close relationship between reproduction and body energy balance
have been manifested. Ghrelin, another multifunctional hormone from gastrointestinal tract, is an endogenous ligand of
growth hormone secretagogue receptor (GHSR), and is thought to be a counterpart of leptin in the regulation of energy
homeostasis. As expected, ghrelin can also modulate the reproductive capacity through the modulation of activities of HPG
axis. This paper summarizes the current knowledge on the discovery, gene structures, tissue distribution and roles of ghrelin
and GHSRs in mammalian reproduction in particular modulation of reproductive hormone secretion in HPG axis. Like
POMC gene expression in pituitary gland, preproghrelin gene can generate a complex repertoire of transcripts which further
undergo alternative splicing and posttranslational modifications. Concerning the roles of preproghrelin gene products in the
control of body physiology except energy homeostasis, limited knowledge is available so far. Several lines of evidence,
however, show the interplay of ghrelin between metabolism and reproduction. In rat and human, the distribution of ghrelin
receptor GHSRs (GHSR1a and GHSRI1b) has been confirmed not only in the hypothalamus and pituitary which were
originally postulated as target of ghrelin but also in the testis and ovary. Expression of the preproghrelin gene in the brain
and gonads was also verified, suggesting the local role (s) of ghrelin in HPG axis. Ghrelin might play a negative modulator
in the secretions of hypothalamic GnRH, pituitary gonadotropins and gonadal steroids though the action on pituitary is still
questionable. Recent studies suggest the involvement of ghrelin in regulation of puberty onset and possibly of menopause
entry. It is now evident that ghrelin is a crucial hormomal component in 'brain-gut' axis, and is a strong candidate links
between metabolism and reproduction. Opposite to that for leptin, ghrelin signaling is likely representing the 'hunger' state
of body energy balance and is necessary to avoid the energy investment into reproduction which has not a top priority
in maintaining homeostasis. Further researches are needed to gain a deep insight into the more precise action mechanism
and role of ghrelin in reproduction, and to guarantee the successful biomedical applications.
Key words : GH secretagogue, Ghrelin, GHSRs, Brain-gut axis, HPG axis, Energy homeostasis, Reproduction.
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POMC F4A 2} #d 3} §-AF8}A, preproghrelin - A= alternative splicing} 1% <

5 ERERE

3 (posttranslational modification)

= AAE B3 dHE ] FAAES AEE AES vl Wik duR] S A3 AA A 75 A

A19] preproghrelin
M e TS SHE0

Az gL Qe #Ae HHE A GH oA T A%
Atk BFH 9 A7k A, ghrelin &A1 GHSRs(GHSR1a$} GHSR1b)S] #2&

o BAOR oA AASTS} Ml AR oh)e Aash HaeNE SAHTh He} 44

3 thAbek A 2] Abolel| A €] ghrelin®] 7% 2H-g-]
) ghrelin
122 M %= preproghrelin

7 lol SIS, oI5 HPG So1 ghreline] F71 ATL G AL ANDT, B LA

el 715 obs B3R BAT, ghrelin® AFEHES] GnRH, I 3H5A1] A4 2AFEERH A4 28] 4 2H| 2ol =
SR pulo] B S4HQ 2ANEA 4TS sk A0 WAtk A2 ATEE AZ7] A, 183 of}

£ 77 A9 2401 ghrelin®] %3 Z AAFET oA ghrelino] ¥-918% %) B5A FZE 2eloln, A7
BAbsE A AlolE A sk 28 Baolehs /FEAS i Erh HHRE S HShE leptin 459K RS ghrelin

NEE A AUA #E AT 2 0 R IE S EAHE 20T Az, A FANA S AGOT veld
A ¥ AN 0TS AU FA} o RoIAA) FES v BEHY AOE AR 445 28] 014 ghrelin
o wrh W A8 MAUET %o UE 2 FAYLS AT ATAA A 8L AL TF o BE A7

Sol Badh

EFEE A TFHLE AFsHE-H sl Al - A &
Z+(hypothalamus-pituitary-gonad axis, HPG axis)®l| A Ztz}
o] A FHHE SEEE s -0, GnRH
AV 2 S 2 E(FSHS LH; HstA A9)-
A ZHZo|E(REHORE JAERAN HAEAHE, Y

S5 o) 4B ol 4FH 44 715 44 o)

AR A 200 W 7he] A0 2R o] F2 A4

SERE ol thoba A7, ] 2 F92E RS

F7440.2 A4 HPG % 849 2490 AgHel FeAE

i, 9|8 So} A%, sk A H B Wa, 9] W,
o

iEfiﬂi, g AN g 8 33

SFH A 7Hx1H *M‘a%‘ 1 ‘%1%01 Al EtiSam & Frohman,
2008; Plant, 2008; Tsutsumi & Webster, 2009). 33, x4}
AEZFE EHHE leptin®] A 2H Fo] &7l ol
o= 53] A oA sFAd s A 7R Al
tj et A7} Baks] X3 3 Jti(Crown et al., 2007; Pinelli
& Tagliabue, 2007). & &= 28p7|HEZHE TH|H =
Wit 1AF ghreline] A A WEH] 7155 24 vlA]&
gl tigk HI7HA 9] AFES AEste] st

Ghrelin2| &7

Szal 4AT SHEZYHS dof oUAE Ao
Agstel A4sHs TOEW ARD APAES} AW o

3, ©] leptin©] ol 2-§-3ke] o} ”‘J%‘@HE%T} A A
4 9 A4 PFe HStE oF7)ate] Hint °
oAtk Bie v EH A2 sh of 9101"1 do
%A th(de Luis et al., 2009). ©]o1Z AFE2 leptin®] T )5
SEFo|H, HPG 32 &9 @45 2dste] A2l
2 Wshe B8 A7) HAG H A 2 B 22
A2 Ad SAE M F See

2] 287126l 9loix] HPG & /i €lell® H-E27] 3,
Az Fol %045} Hop 2348ty Awg 24 U EY
A7} EA S Z93 20| At Crown et al., 2007; Blither
& Mantzoros, 2007).

A, GH #H]E A53l= GH secretagogue(GHS)E <
3783 AW Ak 2- ] gk 3Rl 7HA] el ® o
FYPL R FEo] uf fety] Wit Fag AT FA
7F Hol gtk GHS+ Aldstt-E 78 ¢ GHRHSH /=
AZHE 233 et TES NSRS in vivost in vitro
@ Oﬂl\ﬂ i.:l:_/]_%z% OS2 GH & u] ,,_x] o}‘— ‘:’ZL___E__ %_
3stH, A GH releasing peptide(GHRP)9} 722 34 =
BT 7o} HHEI=A EFEE Y Yt Bowers et al., 1980;
Bowers et al., 1980; Casanueva & Dieguez, 1999). U] 914
(endogenous) GHS ] 7+=9] AR 7} 1 A &2 Aol
A WA el7+e] GSH 4449 GHSR1a7} S2Y 51 A4
SH-8F M B A o A ma—qgo] H 75 9\ th(Howard et al.,
1996). w2hA] 287 9] ofw]:=Ako 2 A E acylation® I El
o uield Ay dde A Z‘lLl"l"lT
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tics) == 9 °F2] SK(reverse pharmacology)? WHE2] 7|

719em, HZ GHE #v|dths 9n 2 GH} reling 2%
st ‘ghrelin’o]2H= o]l £ A th(Kojima et al., 1999).

Ghrelin2} GHSRS| EXMY=SH =4

Z7] Al A 2174e] preproghrelin H-FA = 39 GAA
short arm(3p26-p25)°ll $1x13t GHRL f7#tel 23 <&
3} 53, 4719 exon(exon 1~4)0 2 FAHUTL HIY
A ThKojima et al., 1999). +& AF=°l 93l exon 19
A F e F-718 9l exonE(exon-17} exon 0)°] £ go]
23] 4 th(Kanamoto et al., 2004; Seim et al., 2007). -,
AF el A5 o Al Q17ke] GHRLA #¢ s
Ghrl A7} 914181, A7H41€] exon 0 SHRAF AT
exon-12 §10™ Al 553t exon 2 @ 7} intron 29 &A1}
™, ‘mature ghrelin’®] 7-¢- 287019 o]zt 7he-u] © 23
gt 0173} ThE th(Seim et al., 2007). 11770 9] o}n]=Ato 2
T3 preproghrelin 22| E| S Z2AA] S AXHA
23719] ojn| st 2 A H signal FEIE7F A7t 9471
o] obu]iako 2 0] F017 proghrelin(o}r] =AHR4~117)2
2 At} o] FEEE Pro-Arg A oA] AkE|o] 2871 9] of
nEARe R LA H ghrelin(ohv| i H24~51)3 6671¢] oF
0 eab0 2 FAE C-ghrelin(oh] 2 AH52~117)2 Z# 7
TH(Leite-Moreira & Soares, 2007). ¢, ghrelin> ghrelin
-7 %18 (membrane-bound) O-acyltransferase(MBOAT) =i
229l A9l O-acyltransferase(GOAT)ol <& H % ¥
“(posttranslational process)®ll A4 octanoyl group(C;H;sCO)
o] 3WA ofw] At serinedl] AHet FEHE M =|(Yang
et al., 2008), ©| acylation®] 2|3} *]-& 3749 (brain-blood
barrier) 5#7} 7Hsa A 32 8- A (GHSR1a) Z&5¥ 0] &
FEE AR Bt AAZE o] #FE AXA £
[des-acyl ghrelin, des-ghrelin %+ unacyl ghrelin(UAG)2t
¥ EHE FEA AgE 4 §lthvan der Lely et al., 2004).
$H, alternative splicing 2H& ¢! des-Glnl4-ghrelin©] 315
AgolA 2 - 4= A2 GHSRIaol 2850l 9
o] gl % th(Hosoda et al., 2000).

AFo A F=2 A== C-ghreline preproghrelin %
218 exon2~49l 423HE 6671 o =AtO 2 A E JE
T2, A7 AEY 8F 57} ghrelin®th 5 A0 7
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Hol ubgh7], AAE, dAtgo] A= T2 24 ff £%
£ B 9 ghrelin?} #3717 =tH(Bang et al., 2007).
2ol EAH obestatine 23712] o}r| At 2 LA HH, C
g udel amidation®] doldt FEjo]™ ghrelin &4 312
2] 9] 3¢l GPR39el| Zgtsted ghrelinat Wi #H&2 3
O ¢ H A 7K Zhang et al., 2005), L 42 71590
M= AutE B 7b dthLauwers et al., 2006). Size-
exclusion HPLC(SE-HPLC) X+ reverse-phase HPLC(RP-
HPLC)St HAMHASAME A% L4914 C-ghrelin®]
ZA = A AR T obestatine HEHA| S AOZ H
o} EZ obestatine U]#-H]Z(endocrine) ]2} Xt} autocrine/
paracrine WA 0 & A - g8 202 FAHETHBang et
al., 2007). 24413} #HAH C-ghrelin} obestatin®] 27 4
e 4R pE glon, slbgte A% Zlo R FAH
ot Ghrelin®] ZHdf A& g0 =, AH9 7§ A-like
type 123 Q17+ 74 P/D1 type A EZENA FA=H
(Rindi et al.,, 2002), $12A|< o|F HAF W0z #H|7}
Z7}8 K Ariyasu et al., 2001).

AA7HA] G 7 ghrelin 784 F T/E, 22 GHSRla
¢} GHSR1bo|t}. GHSR1at& 36671 9] opn]ieato & 125
o, 7711¢] 2335 v 2l (transmembrane domain)& zH= A
g A2l G protein-coupled receptor(GPCR)®]™(Kojima et
al., 1999), alternative splicing®] 41w e}l GHSRIb=
28971¢] ofm| = 2k0 2 A H truncated form S 2 57 ] B2
#HE T2l S 7k ghrelin 23%50] % tHHoward et al.,
1996). Ghrelin-GHSR1a 210l 93] S@Es= AE U A
S 2 phospholipase C(PLC)$} protein kinase C(PKC)®l
o)) A12E o] inositol 1,4,5-triphosphate$} A X W] Ca® =

Z717} Yol thChen, 2000). GHSR# GHRH &4
FAlo SHA 7] A E(HeLa-T4) vl %ol A ghrelin A=
G508 cAMP dos sk X3AY, GHRHS
Al 28w GHRH #H8-& Z3HA] 719 PLC &= PKCS}
© 78S 71AC 2 cAMP FEE 57HMFH T Cunha & Mayo,
2002). g, somatotrope frel GH3 A ZFE AR A
oA ghrelin> ¢cGMP/PKG 4149 A 2& 2434 voltage-
gated K' 475 7taA1# GH £H1E 2470 ¢] gl= 9l
THHan et al., 2005). GHSR1a:= 9] 2% nucleus, > 3}4
Aol A thek B, 23, A, B, A, FA 2
A 2 AL B E T, GHSRIb HA] o] 9} fAfeh 2

offt rlo mu Frt
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S H A THGuan et al., 1997; Tena-Sempere et al., 2002;
Gaytan et al., 2003; Ghelardoni et al., 2006).

Ghrelin®] MAILYEH| =& 7|5

37 A4k #2448 (arcuate nucleus, ArC)9| 4= ghrelin
HE| =7 A= (Lu et al., 2002), 2 n-octanoyl-
ghrelin3} des-acyl ghrelin f+3 o] 35t Cowley et
al., 2003; Sato et al., 2005). 24~48 A7} THAet 3F <] 7
S A|aloll 4 9] ghrelin mRNA 425, n-octanoyl ghrelin
3} des-acyl ghrelin 3 257 F23tA 74 v Ha) 9
A E ghrelin §4 - £H)7F 748192, WA LAY
AZURE T4 gy B R o} Az 02 g3l
AF 2ksE o] Al glucose FAAI Q]
(2 DG) H Abet o-roﬂ & At ghrelin 3]
ol =7¥8FtH(Sato et al., 2005).
) 0] ghrehn By 24 7)& o] &3}
AUA 73 24 Yol A4
7FeAd, 193 1 71%
L AAFEE A

_CH_;Q-—V oﬂ}\i U]-/H . ’Ev‘

2-deoxy-d-glucose

H] %4 (endocrine mode) %4] 3 HPG 9] g&} 7]&01]1\1 z}
A A - EulEe] FHA 02 24 (autocrine and/or paracrine)

Foll ol doju= Aor FEH
F21S 24319 ghreling |
2 % (intracerevroventricular injection; 0.1 nmol/0.3

p)d Aol WEA LH #H)7F Al ge] da dAg

10 71

NN A2 BIHYEH, o) ghrelino] 4 &/d)AF 2
d olglo] AAFEE Hu) 2AFHS /1S 9 H2
H 3% tH(Furuta et al., 2001). ©]¢] ghrelin®] &4 3 ¥

8] Aldst GHRH PrHH 54 3} 34 ol A o] FSH}
LH® 34 - BH|E 2dto] HIES) E]{Femandez—Femandez
et al., 2005a). A}%ﬂ A Es A8 FA 73 AF o e
O R ghreling FoI3l¥ &% FSH & ¥kt gl
U LHO HIZEXHE £35S 44 6}1 A Aol AdHE
o] 1 7% %] thFernandez-Fernandez et al., 2005b). 8-, &
7 3 F o) WHEH O 2 ghreling —,—O%T?j_ 7%, A% %(0.5 nmol/
12 h 1097h) T E 5 SE2E FF3 A7) Al

0

5 ERERE

Az, AT Aol #HEEA
Forll e A 7, W s vlgte] a‘ﬂ‘ikﬂ(Femandez-
Fernandez et al., 2005b). © 7&-@(% 4 95 ¥3] ghrelin
o] A& Aol uhgskAI Rk ¢
eln]sl=t, leptin®] ARE7] 7H’\]°ﬂ"1 Hol&= 5184 4 ¢
710] § W7tatth= AR 3} o) 2 ¥ tFernandez-Fernandez et
al., 2006). +A}3t A7} rhesus monkey$t ¥S o=
gt AFdAM EEH S (Vulliemoz et al., 2004; Igbal et
al., 2006). ¥4, in vitro 4385 53l ghrelin®] nitric oxide
OEH 7185 Z3frete] HakrAle] LH wHlE X6k of
Z2EZA s zEgo] KA
et al., 2007). Z < acylated ghrelins 747338 WA o 244

T8 4% GnRHOl )3 gonadotropin #H] WH3-A]
7l e Qe FA GoHA LHY #Hl= A7 AT
FSH #H]ol= 43S F4] ¥5°] B ¥ th(Lanfranco et
al., 2008). ©] ATl A ghrelin> 2.7 Qo] = F&A A

& A A=H,

TH(Fernandez-Fernandez

°] naloxone®| &gt LH #H] ol&
grelin®] ZFAA| 53] 23] Q0|E AL o] &-g3fo] A
Fett-watrAl- AN A S 2T 75 BYE Aol
th AA 2, 239 0]E 9]ol| % neuropeptide Y(NPY), agouti-
related peptide(AgRP)%} orexin 73 5] A|4al5-9 1 5

GGl AEF JAY5E 2t 5T MESYA
FASAL dom, o] FwHEC| HPG %9 €445 oA
44 9l th(Mircea et al., 2009). Ghrelin® % - 7H
Z ol YEZ 2] H4S =8 A4 #dE
By 24 oﬂ 7‘(]—04 —5‘]..‘:_ VA OE 4Q—-Eﬂ ]
THE T 37 AFEHT 713 Wl Y% ghrelin
A8 o 4 2] NPY 9 AgRPgkfguse] Z7}3to] &
2 3(Goto et al., 2006), 213 /43 WA POMC +H
3 ghrelin 73 7H]l AlH2A7F FAJE o] o] B AT
(Guan et al., 2008).

Leptin3} f+A}8HAl, ghrelin} GHSRS A 4] Ao A &=
&xlo] |

FE,

r\l

[RRTR  c
oY |0 ©

=S
=

ml° i) rﬁ

=

o
R =

PR

__8,1:1
of
ol

HH1A 248 9o & autocrine E+ paracrine 7%

522 Z83l= Ao 2 Hlti(Loffler et al., 2001; Herrid
et al,, 2008). 37 FAolA ghrelin TS Y2 F715 A
stely AT &Aoo R A |, A A LA thEk
WA= 7 GnRH antagonist zﬁ}i W2t § = LH surges
e A G ghrelin #d 8% W &5 ¢t Caminos
et al., 2003). 17 Aol A ghrehn FE2 81F ANE A
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Joll 4 AZH A 2™, GHSR1a9] 7% A}, WA E,
W A e} BE Ao 4519 tH(Gaytan et al.,
2003). 2 GHSR1a$} 1b F3 ] <17+e] HJ-3A| A o]
A AZH I, A9 v Zdd A ghrelind] o8 F= o
A10"~1077 mol/ L) 2 o AEFTST ZZALHE
Bn 2§98 Asjge] BIEATK Viani et al., 2008).
Ao X9 ghrelin H3> AFFE HAZHH HstA
2 H¥ 9 gonadotropin®] 93l YAFE ZAHE HAoE
Holth Ghrelin MEEE A7H4 FFH 9] Leydig Al Eoll A
ok A, A7 49 Sertoli M EAAE 7| 915
% TH(Tena-Sempere et al., 2002; Gaytan et al., 2004). 31%]
BArs AT 15Y95H 90U 7HA] ZALeE A3 ghrelin mRNA
b AEH O AEEJL, Leydig A EE AEjH o2 A
Al71+= ethylene dimethane sulfonate(EDS)E £ 24
ghrelin &d-> AKX S U GHSRIae A& HAEHAoH,
in vitro A A hCGYl &3] F L8 H2AEXHE EH|E
TR AEHOE Fefs ARAATH, o= hCG &3
S7He 2 EolE §A ¥ A= HE S ghrelino] 7
2AF 98k Ao & HQItHTena-Sempere et al., 2002).
olof 3# AW Leydig A ENA 9] ghrelin o] o]
ol 5] A2 37, hCG(25 TU/kat) AR 218) ghrelin mRNA
0] 4A17F Thel S7hekd| s FSH(12.5 1U/rat) FAS
ggko] gl2o] H I E 3 th(Barreiro et al., 2002). <1 FA
= 33 H2olM GHSRIav ARE7| ol ddls B sA] &
43| Z7Fsle] AA| 71 F o] =€3}2 Sertoli
A Z 9} Leydig Al Zoll A F2 ZAZH 0, FSHS 12 FALe
oA et AT vl Sex vivo)dll ghreling FoI8 7
9 =L 9FF0F GHSRla ©do] Z7}13to] olx it
(Barreiro et al., 2003), §H4, 17F Aol A ghrelin 3 €]
= Leydig Al ZolA 2 HEH 3L Sertoli Al Eol| A A
ZAe YA EdME AEHA G HE, GHSRIa
+ A EA| E(pachyten stage)oll Al theF &EE L Sertoli Al
39} Leydig A EZA A% 215 thGaytan et al., 2004).
T3 ghreling 3 404 stem cell factor(SCF) #&-&
FSHe| Jaksioll A f-2la1Al #2:A17)=H|(Barreiro et al., 2004),
SCF+= Sertoli Al Z oA 4|5 += paracrine £ 24 AJ 2]
A Z} Leydig Al Z 9] f%i} 2 AE Y F gEA 9
o A7 A AdE S dH S o A F4
3 HAEZHE —E‘ﬂ% ABAA A7 5& A= W

o

%
&
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4O ghrelin 57 A A A% 44 /)5 28] 494
=
=

02 #AT 7teA S AAbeh mAESAY AAE A
g 7 A3 ghreling FAFSHH LH #H]7F A H 3]0
1 FSH ZHl ol = 3ol flvke AR SH =& AR QlE
(Fernandez-Fernandez et al., 2007), ©|* & ghrelinl] ¢]
A A A a7t HelA 2] LHS FSH &H] ol 282 0
Z UG T ol 35 F2 A el 2 Aotk v,
7473e 200 FAENA ghrelin(50 g)S A7 132 oF

>
)
o

7ol 43] FALgE A3t o8 €% FSH 0] A
H37F dth(Kluge et al., 2009).

712 A7 Ao 2 A4 5 SRoN $28 A

‘

rlr

S7]¢l| ghrelin 2157t 288 74545 AR st SAEC] 7
HIE T 9tk WA Leptind] 9] A AAES 7]uke
2, ghrelin®] HPG % 84S AslA71th= AR ZHE ghrelin
o] AKE7] 7Rl AAA NS E A-ET 7FsA]o] A7) =] ¢
o} olol #3 F9 A FAEES, A A AT 2497
8% ghrelin 779 453 GnRH 7319 &4 &4 747}
HEHH, A AR A3} ghrelin 7kl 9(negative)
o] AAAA7F ZA 6L, leptin Aol A Feld ouA] 7HE
33 ARE7] TRA k] Aad-dlE ol wIRke] g 7] AL
=71 THAI7E Gojutbar A 872 K= A2 Z (anorexia) $HAL]
735 A7) AMAIZE AlE-S E 4 3 tHMartos-Moreno et
al., 2009). A= A AFT WA ARKE7] A e JdF
el 54%‘4"” HHEA 0 2 ohreling FolatH o 38 A9 A%
]045101 E_LE] r/}(Femandez-Femandez et al., 2005a, b).

JH rlot

l

jud

2
o ¢
fu
o=
B
ol
rlr 0
>.\l
(o
=
[—n:
_9_
ok
L
o
2o
1o
: Ho
S~
>
ol
%
=3
1o
12

i 8% ghrelin,
EE% ’*F%% Hlaek A3

T2 =3 leptine HokoH,
B 2E 2 %—ghrehn :LE]E_ NAEZ A Jeptin® 2 27} o
3 A (positive)®] FAHAA7E 5ol B ILE A tHChristo et
al., 2008). A1 F #A74 AF A5 EF ghrelin
A ZEEO|E SEFE £FES HI A A3, ghrelin
2 S A5 49 Eﬂiii 123 A o] A7t
] } u/\MDP(Greenman
et al., 2009). Bt} 2 Zo| X Ale7] 7)A19h B A= leptin-
A7 I ghrelin-AH S 2, 123 #7 Aol ghrelin-
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