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INTRO DUCT IO N

The pituita ry gonadotropins , lute inizing hormone (LH) a nd follicle

stimulating hormone (FSH), a re synthes ized a nd secreted by gonadotropes

in a nte rior pituita ry, and they play a pivota l role in both ma le and fema le

reproduction. LH and FSH be long togethe r with othe r pituita ry hormone ,

thyroid stimulating hormone (TSH), a nd place nta l chorionic gonadotropin

(CG) to the family of glycoprote in hormones (Pie rce & Pa rsons ,

1981;Alba nese et al., 1996). Each hormone cons ists of non- cova lently

linked - a nd - s ubunits , which a re encoded by sepa rated genes (Rya n et

al., 1988). In mamma ls , the - s ubunit(C ) is e ncoded by a s ingle gene

a nd common to a ll of the glycoprote in hormones while the unique

- s ubunits e ncoding by diffe rent ge nes provide the biologica l specific ity of

each hormone(Fiddes & Goodman, 1981; Ryan et al., 1988).

Though the a nte rior pituita ry had bee n thought to be the only source of

LH for a long time , recent studies from the Finnis h resea rch group clea rly

demonstrated the nove l express ion of LH - s ubunit(LH ) genes in the rat

testis (Zhang et al., 1995a). Three LH clones with le ngth of 3.2, 2.4 and

0.86 Kb were identified in a rat testicula r cDNA libra ry, and the nucleotide

sequence a na lys is of the clones indicated that the s ize diffe rences a re due

to the existence of testis- specific exons a nd a lte rnative RNA splicing(Zha ng

et al., 1995b). Rega rding the role (s) of the LH- like peptides in rat testis ,

a ny direct evidence has not been reported yet. This loca lly produced
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hormone seems to be functiona l and be involved in the modulation of

spe rmiogenes is s ince the tra nscripts for LH and immunoreactive LH

molecules a re predomina ntly detected in diffe re ntiating spe rmatids (Zhang et

al., 1995a).

The present study was pe rformed to ana lyze the express ion of LH ge ne

in the rat ova ry, a fema le conte rpa rt of testis . Express ion of LH and C

ge ne in the rat ova ry was demonstrated by reve rse tra nscription- polyme rase

cha in reaction (RT- PCR). To assess the production of immunoreactive

LH- like molecules in rat ova ry, radioimmunoassay (RIA) was pe rformed

us ing antibody which can recognize the rat LH polypeptide .
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MATER IALS AND METHO DS

1. Anima ls a nd c o lle c t io n o f t is s ue s a m p le s

Immature Sprague- Dawley rats (day 25) we re ip injected with 15 IU

pregna nt mare 's se rum gonadotropin(PMSG; Sigma) or 0.2 ml sa line .

Rats were sacrificed at diffe re nt time inte rva ls , s uch as 24, 48 a nd 72 h

afte r injection, respective ly. Afte r decapitation, the morphologies of ova ries

a nd ute ri were investigated briefly to ens ure the administration of PMSG

induced sexua l maturation prope rly, then ova ries a nd pituita ries were

removed a nd stored at - 700 C until use . Gra nulosa ce lls were obta ined from

ovaries by needle puncture (Lee et al., 1994b). Se rum was collected from

trunk blood and stored at - 200 C prior to LH radioimmunoassay.

2 . LH R IA

Tiss ues and ce ll extracts were homogenized in ice- cold 1 M acetic acid.

The homogenates we re centrifuged at 10,000 g for 10 minutes , and the

s upe rnatants were neutra lized with 2 N NaOH a nd used for assay. Tiss ue

contents and se rum leve l of LH were meas ured by a double antibody RIA

method(Lee et al., 1994a). The refe re nce standa rd(rLH- RD- 2) and anti- LH

a ntise rum(a nti- rLH- S- 6; 1:1,000,000 fina l dilution) were donated from NIDDK

pituita ry hormone program(NIH, USA) a nd the a nti- rabbit gamma

globulin(ARGG) was purchased from Sigma . The detection limit for the LH

assay was 20 pg/tube a nd the intra- , inte r- assay precis ions were 7.2 a nd

9.4%, respective ly.
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3 . RNA Extra ct io n

The tota l RNA was extracted from the tiss ues by us ing TriZol

solution(Gibco- BRL, USA), a mixture based on the acid guanidium

thiocya nate- phenol- chloroform RNA extraction method(Chomzyncs ki &

Sacchi, 1987). Tiss ues (100 mg/tube) were homoge nized with 1 ml of

TriZol solution, s ubsequently 0.2 ml of chloroform- isoamyl a lcohol (49:1)

was added to the homogenates with mixing vigorous ly by ha nd. Samples

were centrifuged at 10,000 g for 20 min at 40 C. Afte r spin, the uppe r

pa rt(aqueous phase) was collected, mixed with 1 ml of isopropanol, a nd

placed at - 200 C for 1 h. Sedimentation(at 10,000 g) for 20 min at 40 C

was pe rformed a nd the res ulting pe llets were was hed in 75% etha nol a nd

dissolved in DEPC- treated wate r. RNA samples were quantitated by UV

spectrophotometry at 260 nm a nd stored at - 700 C until furthe r reaction.

4 . RT- PC R

First strand cDNA was synthes ized from the tota l RNA(1 ug) us ing

Supe rScript RNase H- reve rse tra nscriptase (GIBCO- BRL) a nd oligo d(T)25

primer. PCR reactions we re pe rformed in a the rma l cycle r(PTC- 150, MJ

Resea rch). Gene ra lly, the reactions were pe rformed in a tota l volume of 50

ul conta ining 5 ul of dNTP- premixed 10 x buffe r, 100 pM of each primer,

20- 50 ng of template DNA, a nd 0.25 unit of Taq DNA polymerase (Ta ka ra).

The fina l reaction mixture was ove rla id with 100 ul of mine ra l oil(Sigma) to

prevent evaporation. Primers and the ir sequences used in this study a re
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s hown in Table 1. Thirty- five to fourty cycles were us ua lly run, and each

cycle cons ists of 1 min at 940 C(denaturation), 1 min at 520 C (a nnea ling)

a nd 1 min at 720 C (extens ion). In each PCR reaction, a negative control

sample (RT mixture without RNA) was used. The amplified cDNA fragme nts

were s ubjected to 2.0% agarose ge l e lectrophores is , and sta ined with

ethidium bromide (EtBr) for vis ua lizing. To confirm that the cDNAs for LH

s ubunits we re specifica lly amplified, the nucleotide sequence of the PCR

products was dete rmined pa rtia lly by us ing PCR seque ncing kit(Korea

Bionee r).

5 . S ta t is t ic s

Student's t- test was used for a na lys is of the diffe re nces in tiss ue

contents a nd se rum leve ls of LH betwee n control a nd PMSG- injection

groups .
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RES ULTS

1. RT- PC R o f the tra ns c ripts fo r ra t LH s ubunits

RT- PCR a na lys is us ing the primers for amplification of rat LH cDNA

yie lded a fragment of 306 bp in ova ry samples de rived from immature

rats (Fig. 1A, la ne IV). A cDNA fragment of identica l s ize was obta ined in

pituita ry a nd testis samples which were used as pos itive controls (Fig. 1A,

la nes II a nd III), while no PCR product was produced in negative control(Fig.

1A, la ne IV). To examine whethe r the rat ova ria n LH tra nscripts conta in the

recently ide ntified testis- specific exons (Zhang et al., 1995b), the second set

of primers corresponding to the major testicula r LH exon 1 of 2.4 kb

transcript was used in the next PCR reaction. A 428 bp DNA fragment was

obta ined from ova ria n tiss ue (Fig. 1B, lane IV), and from testis used as

pos itive control tiss ue (Fig. 1B, la ne III). Negative control reactions , the

pituita ry samples a nd RNA- free RT mixture , did not yie ld any PCR

product(Fig. 1B, la nes II and V).

The amplification of cDNA fragments from the C transcripts in pituita ry,

testis and ova ry were s hown in Fig. 1C. Pa rtia l sequence a na lys is of the

PCR products confirmed that a ll the PCR reactions were specifica lly

occured.

2 . Co mpe t it io n c urv e s w ith inc re a s ing a mo unts o f LH s ta nda rd a nd

t is s ue e xtra cts

Significant amount of LH- like molecules we re detected in crude ova rian
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extracts , a nd the competition curves with increas ing amount of tiss ue

extracts we re pa ra lle l with those of standa rd peptide (rLH- RD- 2), indicating

that the ova rian immunoreactive LH- like mate ria l is s imila r to a uthentic

pituita ry LH molecule (Fig. 2). The LH conte nts in ova ria n gra nulosa ce lls

from both immature a nd PMSG- injectesd rats were only traceable , the

majority of LH molecule might be prese nt in theca- inte rstitia l

ce lls (unpublis hed data).

3 . Effe ct o f P MS G o n c ha ng e s in s e rum LH le v e ls a nd o va ria n LH

c o nte nts

The administration of PMSG to immature rats res ulted in the stimulation of

follicula r maturation and endoge nous preovulatory LH s urge (Bahr &

Ben- Jonathan, 1981). As expected, se rum LH leve l afte r 48 h of PMSG

injection s ignifica ntly increased 5- fold when compared to those of control

a nd PMSG 24 h group. Following then, the LH leve l declined at PMSG 72

h group, but the leve l was still highe r than that of control and PMSG 24 h

group(Fig. 3A). In contrast, s ingle injection of PMSG res ulted in a s ha rp

decrease of the ova ria n LH content at 24 h, a nd the lowe red leve l was not

recove red at 48 h a nd 72 h post- injection(Fig. 3B).
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D IS C US S IO N

The prese nt res ults a re first to report that genes for the LH s ubunits a re

expressed in the rat ova ry. This demonstration is based on two evidence ;

(1) the gene ration of identica l PCR products from two known sources of

LH, pituita ry and testis , as we ll as from ova ry, and (2) detection of

immunoreactive LH- like molecules from ovary by specific LH. The present

study a lso provide evidence that the leve l of ova ria n LH can be regulated

phys iologica lly by FSH.

From ea rly 80's , cDNAs and genomic genes of the gonadotropin s ubunits

have bee n isolated a nd cha racte rized in seve ra l species (Alba nese et al.,

1996). In ea h species , a s ingle gene encodes the C and s hows

cons ide rable s ize va riation(8- 16.5 kb). The C mRNAs ra nge in s ize from

0.73- 0.8 kb in mamma lian species so fa r ana lyzed, and the trans lated

product has a s igna l peptide 24 amino acids in length a nd the mature

peptide has 92- 96 amino acids in a ll species (Ryan et al., 1988). Gene

encoding the rat pituita ry LH is re lative ly sma ll, with tota l le ngth of 1.5 kb,

composed of three exons and two introns , a nd the transcript is 0.8 kb in

s ize (Jameson et al., 1984).

Until fa irly recently, the ante rior pituita ry gla nd was the only known

source of LH. In fact, the finding of testicula r LH express ion was quite

accide nta l, s ince the testis was origina lly cons ide red for the negative

control(Zhang et al., 1995a). The rat C mRNA had a s ize of 0.8 kb in the
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pituita ry a nd testis , while the major LH transcript was 0.8 a nd 2.7 kb in the

rat pituita ry and testis , respective ly. Subseque ntly, three transcriptiona l

va riants for the rat testicula r LH with length of 3.2, 2.4, and 0.86 kb we re

ide ntified a nd the ir seque nce ana lys is indicated that the s ize diffe renence of

these va ria nts and the pituiatry LH was due to a lte rnative splic ing and

diffe re nces at the 5' ends of transcripts (Zhang et al., 1995b). RT- PCR

amplification in the prese nt study demonstrated that the ova ria n LH

tranascripts conta in at least two pa rts of the publis hed cDNA structure ; the

pituita ry exons 1,2 and 3 including the tra ns lated region which were

detected in the pituita ry a nd testis , as we ll as the pa rt of testicula r exons 1

a nd 2 found in the major LH tra nscripts (2.7 kb) in the rat testis . RT- PCR

for amplification of the C tra nscripts s hown the identica l cDNA product

from the pos itive control tiss ues (pituita ry a nd testis) a nd ova ry, indicating

that the LH s ubunits peptides might be produced in the rat ova ry.

Actua lly, immunoreactive LH- like molecules we re detected in ova ry us ing

RIA, and the molecules seem to be phys iologica l s ubstance because the

ova ria n conte nts of LH- like were s ignificantly a lte red by s ingle injection of

PMSG.

Mammalia n ova ry and testis s how extreme morphologica l diffe re neces

due to the sexua l dimorphism. In many aspects , howeve r, these organs

s ha re common functiona l natures , s uch as ge rm ce lls production, synthes is

a nd secretion of gonada l factors , a nd regulation of the ir functions by
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pituita ry gonadotropins (Griffin, 1996; Ojeda , 1996). In the few yea rs

studies provided clea r evide nce for the production of LH or LH- like

molecule in rat testis , so it was pluas ible to hypothes ize that LH might be

expressed in rat ova ry. In fact, the prese nt study demonstrated that genes

for LH s ubunits a re expressed in the rat ova ry, and the presence of

"gonada l LH" and indicated that the LH in both ova ry and testis might be

expressed in gonad- specific ma nne r with a lte rnative splicing mechanism(s)

a nd unique tra nscription sta rt s ites . A s imila r phenomenon has a lso been

reported with some hormone genes , class ica lly assorted as "non- gonada l",

a re expressed in rat gonads , e.g. growth hormone re leas ing hormone

(GHRH) a nd pituita ry adenylate cyclase activating polypeptide (Bagnato et

al., 1992; Srivastava et al., 1995; Hurley et al., 1995; Gräs et al., 1996).

Most of hormones a re acting on gonad through an endocrine control

mechanism. The major ova rian function is primarily regulated by pituita ry

gonadotropins that tra nsve rse the gene ra l circulation to reach gonad.

However, the re is ample evidence that intraova rian factors a re indispens ible

for fine tuning in the regulation of highly complex but ha rmonized events in

ova ry(Richa rds , 1994). Togethe r, gonadotropins , ste roids and loca lly

produced peptide rgic factors cons ist a biologica l network that modulates

the follicula r maturation, ovulation, corpus luteum formation a nd

luteolys is (Adas hi & Rohan, 1992). In this context, it is intriguing that LH

may exe rt its role on the control of both ma le a nd fema le reproduction
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through dua l pathways . One is a n endocrine mecha nism for primary action

of pituita ry LH, the othe r is a n auto- a nd/or pa racrine mecha nism for fine

tuning action of the loca lly produced LH. Howeve r, the phys iologica l

s ignifica nces s uch as intraova rian roles , inte ractions between othe r trophic

factors , a nd tiss ue- specific regulation mecha nism of the rat ova ria n LH

remain to be e lucidated.
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S UMMARY

The prese nt study was pe rformed to ana lyze the express ion of LH genes

in the rat ova ry. Express ion of LH s ubunit ge nes in the rat ova ry was

demonstrated by amplification of ova ria n RNA by RT- PCR. The ova rian LH

transcripts conta ined at least two pa rts of the publis hed cDNA structure , the

pituita ry exons 1, 2 and 3 a nd the pa rt of testicula r exon 1 in the major

trancripts form in rat testis . Us ing RIA, s ignifica nt amount of LH- like

molecules were detected in crude ova rian extracts , and the competition

curves with increas ing amount of tiss ue extracts were pa ra lle l with those of

standa rd peptide , indicating that the ova ria n immunoreactive LH- like mate ria l

is s imila r to a uthentic pituita ry LH molecule . The administration of PMSG to

immature rats res ulted in a s ha rp decrease of the ova ria n LH contents afte r

24 h post- injection. In conclus ion, these findings demonstrate that genes

for LH s ubunits a re expressed in the rat ova ry, a nd s uggest that LH can

play a centra l role in regulation of fema le reproduction with both endocrine

(by pituita ry LH) a nd a uto- , pa ra- crine (by ova ria n LH) ma nne r.
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국 문초록

흰쥐 난소에서의 Lute inizing hormone(LH) s ubunit 유전자 발현과 LH

polypeptide의 존재를 조사하였다. 이를 위해 LH s ubunit들에 대한 역전사 중합효

소 연쇄반응(RT- PCR)을 시행하였고, 난소내 LH 함량을 방사면역측정법으로 정량하였

다. 뇌하수체와 정소에서 공통적으로 존재하는 LH- s ubunit(LH )의 exon에 해당되

는 prime r를 사용하여 RT- PCR을 시행한 결과 흰쥐 난소에서도 뇌하수체, 정소와 같이

306 bp band가 확인되었고, 정소특이적인 exon에 해당되는 primer를 사용한 결과

정소와 난소에서 예상대로 428 bp band가 검출되었다. 또한 LH, FSH, TSH 그리

고 hCG에서 공통적으로 발현되는 common - s ubunit(C )의 전사물질도 PCR에 의해

증폭되었다. 방사면역측정법에서는 LH standa rd curve와 난소추출물을 사용한

curve가 동일하게 s igmoid 형태를 보임으로서 흰쥐 난소내에 immunoreactive LH가

존재함이 증명되었다. 인위적으로 성적인 성숙을 유도한 PMSG 주사 동물에서, 혈중

LH 수준은 주사후 48시간에 preovulatory LH s urge와 유사한 최고 수준을 나타냈으

나, 난소내 LH 함량의 경우 주사 24 시간후부터 급격히 감소하여 주사 48, 72 시간군

까지도 낮은 수준이 유지되었다. 이 결과는 흰쥐 난소의 LH가 생리적으로 조절되고,

그 조절방식이 뇌하수체에서와는 다를 가능성을 시사하는 것이다. 본 연구는 흰쥐의

난소에서 LH과 유전자가 발현됨을 최초로 보고한 것이며, LH의 경우 내분비적 경로

(e ndocrine ; 뇌하수체로 부터의 LH)외에도 국부적 경로(a utocrine이나 pa racrine ;

난소내에서 합성되는 LH)를 통해 난소의 생리와 기능 조절을 담당함을 시사한다.

Ke y Wo rds : LH, Gene express ion, Rat ova ry, RT- PCR, Tiss ue specificity,

Intraova ria n factor
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도 표 및 그림설 명

Ta b le 1. Sequences a nd pos itions of primers used in RT- PCR.

━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━

Set Name Sequences S ize (bp)

LH - I P1(5'- primer) GTGCCGGCCTGTCAACGCAAC 306

P2(3'- prime r) CAGCTCATTGGTTGAGTCCTG

LH - II P3(5'- prime r) TGGAGCTCACTGACCACCATC 482

P4(3'- prime r) GTACACTGTAGATGCCTGGCA

C P5(5'- prime r) GCTACAGAAGATATGCGGCTG 418

P6(3'- prime r) CGACACTCAGTGCCATCGCAG

* dT ATAGAATTC- dT25 for RT

Sequneces a re a ll 5' to 3' direction. All oligos were purchased from

Korea Bionee r. Prime r des igns were ca rried out based on the reported

cDNA seque nces of rat LH and C (Godine et al., 1982; Jameson et al.,

1984; Zha ng et al., 1995b).
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Fig ure le ge nd

F ig ure 1. Detection of the transcripts for rat LH s ubunits in the rat ova ries

by RT- PCR. PCR and e lectrophores is were ca rried out as described in

Mate ria ls a nd Methods . A ; Amplification of cDNA fragments coding the LH

regions commonly found in the rat pituita ry a nd testis . B ; A set of primers

corresponding the exon 1 of the rat testicula r LH was used in this PCR.

C ; Amplification of cDNA fragme nts from the C tra nscripts in pituita ry,

testis and ova ry. La nes I, 100 bp DNA s ize marke r; II, pituita ry; III, testis ;

IV, ova ry; a nd V, negative control.

F ig ure 2 . LH RIA para lle lism with increas ing amounts of LH sta nda rds and

the ova ria n tiss ue extracts , indicating the prese nce of immunoreactive

LH- like molecules in the rat ova ry. In this expe rime nt, ova ries from

immature rats (Day 25) we re used.

F ig ure 3 . Diffe rentia l effect of PMSG on cha nges in se rum LH leve ls a nd

the ova ria n LH contents . CON; se ra or tiss ue extracts from immature

rats (day 25). Ba r represe nts the mea n leve l ( S.E.) of repeated

expe riments (n=5 to 8).

- 19 -



- 20 -


