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2 . gulolu} AL S AAFEHE o] 99 2R AE gonadotropin releasing hormone(GnRH)z} 1 484 7} 23 &) o
Z7 BolARl 7)5& BB & dejdl Atdojth HZ GnRHS} 1 84 F8A7 5 FAoME 28 H ] 534
AL, LH -9 B-subunit®} LH 5~ o] thgh AA A E3) Kol EAgo] A=A & A& #F 4 LHY
BEF fAe Fahad o] FHEAAAE 2AE] A AAF], G, FF, o7l A A2 f41E ARE LH
SHek wisls wAlH S o 7 ZAslch il SU3 AP Eo)A & RNAS A48 reverse transcription-polymerase

chain reaction(RT-PCR)Z} Southern blot analysisE £ A} Ao H3E S5 Ych Yo steroidol] )3 541 LHY
WE 2 M-S 2AE) s A da A A (ovariectomy, OVX)E- steroid X 48 =E RS A&ttt A F7)5
9 # H4 8% LH 523 44 Ul LH §3F9) wale 3] proestrus A17]o] 74 531 diestrus [ A]710] A $£F& B
o AN 179 FLe2RE ofrAA] EF LH 52 5285 B2, 44 LH 332 +77] F A48 Fag
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, G, i, ol 5o AElFel Estel e Zéﬂl, £ 3] estrogeno] 28 4 LH P4dol 2449 + s A
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ABSTRACT : The ectopic expression of gonadotropin releasing hormone(GnRH) and luteinizing hormone(LH) in several tissues is
a quite intriguing phenomenon. Recently, the presence of GnRH and its receptor has been clearly demonstrated in rodents and human
mammary gland. In this context, one can postulate that the presence of local circuit composed of GnRH and LH in the gland. The
present study was undertaken to elucidate whether there is a cotrelation between the LH expression in rat mammary gland and
physiological status during the process of mammary differentiation. LH contents in mammary gland from cycling to weaning rats were
measured by radioimmunoassay(RIA). In cycling rats, changes of the LH level in both serum and mammary gland showed similar pattern
as the highest level in proestrus and the lowest level in diestrus Il stage. While the serum LH levels were fluctuated from pregnant
through involution stage, a sharp decline of mammary LH contents was observed in the lactating rats. This decrement was recovered
in involuting rats to the level of proestrus stage. Reverse transcription-polymerase chain reaction (RT-PCR) and Southern blot analyses
demonstrated that the transcriptional activities of the mammary LH and GnRH were increased from diestrus I stage to estrus stage,
and the increased levels were maintained in pregnant, lactation and involution stages. To test the hypothesis that the alteration in
mammary LH expression might be steroid-dependant, ovariectomy(OVX) and steroid supplement model was employed. As expected,
supplement of estradiol(E;) after OVX remarkably decreased serum LH level compared to that in serum from vehicle-only treated rats.
Likewise, administration of E; significantly reduced the mammary LH content. The present study demonstrated that (i) the LH expression

This work was supported by Sangmyung University Research Grant(2000). TRARRE HeA 227 FAF 7, Ao sy 4S8 ($) 110743
(A) 02-2287-5139, (&) 02-396-6133, E-mail: shlee@mail sangmyung.ac.kr



176 o]

3 LRERE

in mammary gland could be altered by some physiological parameters such as estrous cycle, pregnancy, lactation and involution, and

(i) ovarian steroid especially estrogen seems to be one of major endocrine factors which are responsible for regulation of mammary

LH expression.
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A
& 7152 () HetrA 3_?3 3289 prolactm(PRL)
growth hormone(GH), ¢ 2 =291 oxytocin, (i) Hi 9}t
FA8 steroid hormoneE, 1Z)3 (i) thyroid hormone}
insulin-like growth factor(IGF) =¢] of &} W& R91&d] 9
& ZA"cy o A HTopper et al., 1980). o]&# 3 A=

Ak 2003 Atojel] W T FM W SR AAE
TR A2 2E AEoE A3H T ArhMedina, 1998;
Rudland et al.,, 1998).

A ETFFOIA HEE UA, 2 5 AL ol9Y 2
Aol ] . gonadotropin releasing hormone(GnRH)3 1 48]
7b drgglo] 22 EojHel A A /g FYde &
&3 2 Abaojti(Leung & Peng, 1996; Reis et al., 2000). 1970
Aol 254 GnRH7} AZEH vl ¢l 2.v(Baram et al.,
1977), A= 87 F4lA GnRH} 1 & FA 27t
e o] gol5 i thPalmon et al., 1994; Levi et al., 1996).
g VHAQ TEE F A A E5-H ¢ GnRH
of &) HateA AFAA &4 - Bl == luteinizing hor-
mone(LH)¢] ¢ B subunitE 2} LH 4=8-A ol o 3} mRNA9}
LH-like moleculeo] ##F FAHAME EAJTo] FAHATY
(Ryu et al,, 2000). L&t AA7HA] FAdol A § == LHY

FEAA 7, AYUAA o9 T2 FAHAM ] LH A%
A3 2y A 7]l B E A7 bk o

2 droMe A7 FAx9 LH 2834 49 #3134
A e ARABAE AR A () AAF7] E, da),
G, olf7ld 2A AL fAe AR LH & M3E &
AstA 3, (i) o] W GnRHS} LHY| 317 28 HstE 5

o o o lo
HEoofN ng

3 APEEqA A& RNAE AL reverse transcription
-polymerase chain reaction(RT-PCR)3} Southern blot analysis

2 22890, (i) Ha steroido] &3 §-4 LHY 23z
A MsAE Z2AE HElA dAA A F estradiol-17 8

Luteinizing hormone, Rat mammary gland, Gene expression, Physiological regulation, Differentiation.

capsules T3} o]AEts AHEE U ALLE YT

Mz H Yy
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1) 44l F7] & UMM OIF7I7IR| HEE

A G452 Yol T 3ke] vaginal smear HH 02 A
A 99 A ATNARE FLANAFAN AT §3S
B en, AT B 4dE Hole §2E A

o} A AF 7= diestrus I(D 1), diestrus II(D 1), proestus(P) L
22 estrus(B) 2 Al E3FAth YA 228 FE5H7] HsA
A 25717 proestrus A17181 RS FAH FAANT F o
A 1797)(17.5 days post coitus, dpc) EE& FJAAA ¢
(pregnant, P1)) 2. 2 3}, &4 T 7Y, 144, 2194<1
< At 47t F4 7Y F(lactation, Ly), - 14U (L),

I 56 2ALZL)O2 AP A FOE 24 F 2
Al orlE Eeete 39 A F FHAYAZD olRT

(involution, In)3} 25 1405} 704 o8 ¥ 59 & S

71 A o] -(artificial involution, Al}g AA 3}

2) HAHI AR} steroid hormone X2| A8

Y24 A 2} steroid hormone 2] 2] 342 H7] $sfA] A
& ether vl3 Sholl A F& FAE BT AAT £ 747 315
712 AX 3 sesame oil(Sigma)o] Eo]¢le silastic capsule
(Dow-Cormning; Z¢] 12mm, W7 1.55mm, )73 3.125 mm)E
745 7 3}o) o] &gk h ZZ(OVX+OIL)H estradiol-17 3(Sigma
; 235 pg/ml in sesame oil)E ¥ capsuleS ¥ 3} o]4]3 A
FOVX+E)e AAstsith

3) ZE9 M
AY FEE AHA AT GFEHEE AN & FA
YA Ao, F48 de F ARG A 4R e AA
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2. 322 HWAIHA=HH (radioimmunoassay, RIA)

LH RIA+= rat LH reference peptide®} 12 3HA|(NIDDK
pituitary program) L] T anti-rabbit gamma globulin(Sigma)&-
23} A 2 AFLE Y tHRyu et al, 2000). HALEA = Na'”
(ICN; ImCi/iodination)S A3} chloramine-T RS2 &%
o1, free9} iodinated hormone®] ¥ ]+= Sephadex G-30 col-
umng A}L-8 gel filtration HH S A& YTh SES FA
N7 & Q3 54 222 1 N acetic acidE 243 5 ¢
A E2(10,000x g, 203, 4C)3te] 45 A& dol LH &% =
Aol Apgstgih o2 SIAZ T A R(1,500x g, 15
&, 4C)3ke] serum A& BEst9 AHEE ST

3. RNA2} DNA &4

1) Total RNA £&

Totla. RNA FZ&& acidic guanidium thiocyanate-phenol
-chloroform " (Chomzinesky & Sacchi, 1987)& 71202 A
5 TRIzol solution(GIBCO-BRL)S AH&-3led &0 2 2
3 9y AT AF VL 7% ethanol2 A7
AZAZ] & DEPC-watere] =9l § #7] 45& Aldstd]
ethidium bromide(EtBr, Sigma)= 344 3+ 3 Imager [l (Bioneer)
2 BA3lo] genomic DNAQ A A of 2 3913} RNA A &S
A8 skt

2) RT-PCR

RNAE reverse transcriptase(RNase H- SuperScript I RT,
GIBCO-BRL)$} oligo d(T)s primer(Bioneer)S AHE-3}o] ¢DNA
£ S48 S AALE cDNAS Tag DNA polymerase(Ta-
kara)S AHE-3le] PCRS 38t th PCRONA A28 primer
o @7l MEE 7] Bl AHSE A FYSATHRyu et
al, 2000). PCR Wh-g- 2712 HZ 94T A 287 27 dena-
turations- 18] Al® % denaturation(94°C, 30%), annealing(56
C, 30%), elongation(72°C, 1) #A & 353] wkE 2A A
1, 22202 13 extension(72C, 102)S A3t 12}
Ao A} FZo] o] R A ok A JAEHE AHES Y]
Holl =& nest primers} S| 13} AHES A3} 2
At PCR< AAIH AT whgo] €1 & EtBrol 2H 1.5%
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L= 2.0% agarose gelS AFE3 H7|9 502 £ oH,
o] Z Imager [l system® & ¥4 . &2k} o}, Semi-quantita-
tive RT-PCROI A= AP 7+9] SAE HAgstr] 98 Ix
PCR £ 02 104} 3142121 RT uk-3-o 10 plE 7z PCR ut
L. £9J3}1$1 7, control A EF2 = ribosomal protein L27 %
T GAPDH| tgt PCRE Ald)ste] 7+ wb3-2ke] A3E X
stk

3) Southern blot

PCR AHE& A7)9% 3k & turboblotter(Schleicher & Sch-
wel)E A3 capillary systemell 93} nylon membrane(Ny-
tran, Schleicher & Schwell) 0.2 HolA]Z t} A o] T membrane
£ UV crosslinking(Stratagen, 120J/cm’)3}$1 2. 80°C ovenol] A
3087 9 4Col| B#31% Tk Hybridization solution(Sx SSC,
0.5% SDS, 50% formamide, 5x Denhardt's reagent, 100 zg/ml
denatured salmon sperm DNA)o|A] 42°ColA) 2417 FoF
prehybridization A|Z1 ¥ 32P-radiolabelled c¢DNA probeZ
hybridization solution®] F7}ated 42CelA 2047+ Fot
hybridizationA] Zi T}, Probe] A Ztol| A templater= PCRS A}
L.35}o] F£H] 1Y 3 random-primed DNA labelling kit(iNtRON)
£ A&k

Membrane-2 (i) 2x SSC/0.1% SDS o A 42°C, 1557}
23] WHE. (i) 0.2x SSC/0.1% SDS £-<¥oll A 42°C, 15¥-7} 23]
HHE (iii) 0.1x SSC/0.1% SDS &olo] A 45°C, 1587+ 33)
234tk M2 & membrane —70ColAl 108 A 3A7F
29t Xeray film (AGFA)Yl =2 A7 & A3k

2 o

1. 8A F71 2L THloIM ol] 77K 8% 85 & /M
LH gtekel Hs

AAF7IER Aad 879 EF IH & JYd=2
proestrus Al 71(563£121 ng/ml)ol| 714 397 diestrus T A]7)
(20536 ng/ml)el] 7H W3k oH, o] F a7l A o717}
A 585 ESTHFig 1, upper panel). B4 7] F #F &
Al LH @32 85 LH £39 W3t fAlsk 43

a

trus T A]7)(1.22+0.10 ng/ml)e] 718 ¥RATHDLE in Fig. 1,
lower panel). S YAFolA Hadtr] Alztsta] ¢ 7Y
AP F(0.46£0.08 ng/ml)oll A 714 Yty F 21 o)A
B Z7}8te] o] £-7](1.85+026 ng/ml)el] 7} £& F2S
Fom, FA oAl 1.59+0.21 ngml)e} S F57]

ot oHrow
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Fig. 1. Temporal changes in serum LH level and mammary LH
content from cycling to weaning stage rats. Upper panel, serum LH
levels; lower panel, mammary LH contents. DI, diestrus I; DII, diestrus
II; P, proestrus; E, estrus; Py7, rats at 17.5 days of pregnancy; L
lactating rat at 7 days post partum(dpp); L4, lactating rat at 14 dpp;
Lai, lactating rat at 21 dpp; In, involuting rats at 3 days afier weaning
(24 dpp); Al, artificially involuting rats at 5 days after obliged weaning
(19 dpp). Bar indicates the mean LH level or content(*£S.E.) of

repeated experiments(n=3~5).
o =& &S BJHP-Al in Fig. 1, lower panel).

1Ml GnRHE2F LHE| EH 4
GnRH¢] &&-L diestrus I A] 7]l
1ok o} o] & diestrus 1, proestrus, estrus A]7
Skt o, Al ol F F/719 ol F717HA]
2 FA = 2% HFig. 2, upper panel). A2 F7] £ 2
o) 4= GnRH mRNA7} EAJ8H4] 43 44l o] F A&
H 7 (Palmon et al., 1994)9}+ &8 £ A7 = 74l
GnRH #AALEo] H]ZE diestrus A7) oll& LAY FA 7
A2 proestrus@} estrus Al7]oll = AR 0] FRIHG =,
o]= RT-PCRO|A annealing temperaturet} ol AME-H
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Fig. 2. Changes in the transcriptional activity of mammary GnRH
and LH 8 subunit during the process of differentiation. DI, diestrus
I, DII, diestrus I; P, proestrus; E, estrus; Py, rats at 17.5 days of
pregnancy; L, lactating rat at 14 dpp; In, involuting rats at 3 days
after weaning(24 dpp). For the deatails of RT-PCR and Southern blot
analysis, see Materials and Methods.

primer?] 914 5 4 ¢

Act. A FH HA4 W LH—4 8-> GnRHE 73-%-9F A
gk P& B, diestrus [ Al7]0l] 7HE 2, o] F F713)
o A o] & FR{718t o) FH7IA FA A HAKFig. 2,
lower panel).

3. LA mM ALt steroid hormone A 2|0 218t 54 L] LH
&ek M3

X LH £29 A d2A A F estrogend T3k AF

Z(OVX +Ey; 125.9+45.4 ng/ml)©] vehicle(sesame 011)—% g
8 )2 Z(OVX+OIL; 418.6+73.4 ng/ml) Btk B4 24319
=d|(Fig. 3, upper panel), ©]+= 2+ & A i steroido] 2§
24 9 (negative feedback)o] A% Aot A F
A U LH 32 94 OVX+OIL A% 7(1.48+0.20 ng/mg)o]
wa) OVX+E; 4 ##(1.07+0.13 ng/mg)ell A #2173 $UA 2+
A8} tHFig. 3, lower panel).

3
-
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I

HZ 37 fAdA LHY 11 8471 $dgo] B ¥
B} 210 ®(Ryu et al., 2000), £ A7 87 FAAM ]
LH @&o] 23} 74 F A A3 (E), & +4 GnRH

z49 7

A steroidel] 2] 3f FHLE et Hst
FA AR 28 7hed on] GHS} PRLE fraddA] 2
deo] B3 B} 9 thKurtz et al,, 1993; Mol et al., 1995).
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Fig. 3. Effects of in vivo estrogen treatment on changes of serum
LH level and mammary LH content in ovariectomized rats. OVX
+OIL, ovariectomized and sesame oil-treated rats; OVX = E,, ovariec-
tomized and estradiol-17 £ (235 ug/ml in sesame oil)-treated rats. Bar
represents mean LH level or content(*S.E.) of repeated experiments
(=3~5).

2ZREHY Y ligandEF ] E-0] caseino|L} S-lactoglobulin
(BLG)® Hd& xAstd 2 g AXs EuE &4
A7+= ﬂ-rﬁ] A 2 FHAEY T4 3 M EAAAL o
AE 3 54 2ale] 282 del 3 thFeldman et al., 1993;
Travers et al., 1996).

AT AEE A7y ddA @8 AHEEE chorionic
gonadotropin(CG)< LH, FSH, TSHe} tf£-¢] glycoprotein hor-
mone familysl] &3=d|, E3] f-subunit®] 7% LHS &4
A2 g ou At Ajgo] tRE] fALE Bt ol 7]
FASEE Lt £50 Y 59 44k A% B3
Yepd CHPierce & Parsona, 1981). CGY) 7-$¢ ejwl §gut
(chorion)ol| A FHA1 - E-uiE] 22 [ H-like %é‘o] kA o]
o} AGME FHHol &t £ o7t ok TV
AL, PHA] Agshi-H kA circuite] A 9] GnRH-LH 24
S EAEA SutolA] CGel 7L GaRiel Slsf 22o)
QA A ckSiler-Khodr et al., 1986). 2 A7 E35}E
4 GnRHQr LHe] @& o] §AMS F o2 Yep2
F FA el AEHE-HeA B2 gubol A AEdhs
GnRH-LH 23 7|Zte] &8 745AL XA EA7HR

Ir e o
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AAFE A THFAAN CG7F BAE A= foH,
339 A5 el A LH 9 B subunit 2247} 33 H ol
B3 E v gl B HgAdFe §4 9A CG til LH7F &
Ao} AL3te AR o AHE th(Shinozaki et al., 1997).
g B ASEE 34 2 YoE CGe AZAAA
g st F4 ¢ AFE dATl dHA o

(Srivastava et al., 1998), o]+ %’/}l Ag ol gle A CG
Z9]

A carcmoma-J A 7}]A]9} AAe] qAHANA & d=H}

(Russo & Russo, 2000). ¥ A4 ZAzollA 3 549 LH &

ol 941 % 4710 welAtvt ol 4719 A ae A%

& A2 10 Al ARAI R A EAAA W At o

¢

MAEE 3243 AX 524, A4 F719 &
F71H B AN, £ £F 34 fE SA Ee
7 £ estrogen A0 AE =
J7 9l Q9lo]thPike et al,, 1993). 1 &
A ER 9} ERBE A&, ER ] 7% epithelial cell 7
stroma celld]] &3] £A)5lH, knock-out TE2] A4S §A49
A3 B5jo] EReo) 9go] B} o 23] daA vk
(Cunha et al., 2000). 2 AFJ A& ¥]E serum LH 50 A
#H2E S35 Wske filoy §4 LHY| 238 94 estro-
genol] A=A YL AZET) ol YAREH Y estrogen©]
AR 79 HAstrAl ¢ F49 LH 343 £rlo 23 5
H 2EAY 7Fe & AARsT B3 fH A EZ 5 N
2AALe] Z- o Qo] M & estrogen?] 77} ER ¢ and/or ER
£ E 285 /4 LHY 8434 433471 95 7
TRE "V\Hi‘:} 4 l"ﬁ:i}g} Aele] 2 & (i) steroid,
EFE0] IAHY ASE ZHE-
a1, (i) TGF o} 22 74? 2§ A1z} PRL, GH, LH, GnRH
Y SR 8B 2o R A 2 S He
AO R HlthLyon, 1993). &3] =543l 29EL F4 U
7] cross-talkolj A A &
EZ 2 paracrine =+ autocrine loopE A sE AoR &
£ #thMedina, 1998; Rudland et al., 1998; Cunha et al., 2000).
FEZHNAE Y paracrine B autocrine 93 o) 9o
A oE & AL 7€ endocrine ¥ YeER = ligand 7}
o] o] ottt Holth 1dd, A8 AL LHY
A5 228 &9 49 2EA GrRHSY 3H9 2 Akl
steroid = 3t H&0] ZEFE A4HEH ZH glojA o
A B4R AAA &, old dis Ad  Ad 7+ W
Fe A 27t FHHAUL WA EHF fAlolA Y
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2] mesenchyme cell=} epithelial cell
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