REERBEAris2000) $40% 28
Korean ] Vet Res(2000) 40(2) : 229~236

u|Aeal AJ4&3t 313 13)ol|A]9] Steroidogenic acute
regulatory protein mRNA<2] ul&

1g & FFF

AAoitha Skt SEodTA
(20004 4% 149 A

Expression of steroidogenic acute regulatory protein mRNA in
immature and adult rat testes

Phil-ok Koh, Soo-dong Kwak

Institute of Animal Medicine, College of Veterinary Medicine,
Gyeongsang National University
(Accepted by Apr 14, 2000)

Abstract : The synthesis of steroid hormone starts from cholesterol. Steroidogenic acute
regulatory protein (StAR) acutely transfers cholesterol from the outer mitochondrial membrane to
the inner in the early step of steroidogenesis. Many kinds of steroid hormone are mainly
synthesized in adrenal grand, ovary, and testis. Among the steroid hormone, testosterone is
synthesized in Leydig cells of the testis, the production of testosterone significantly increases in
adult testis after puberty onset. Therefore, we think that the expression of StAR mRNA in testis
will change according to the testicular development. The aim of this study is to determine the
distribution of StAR mRNA in immature and adult rat testes and to confirm the functions of
StAR in these testes. Thus, in situ hybridization was used in rat testes of the 2, 4, and 10 weeks
of age.

StAR mRNA was expressed in Leydig cells. Positive signals of StAR mRNA were weakly
detected in Leydig cells of the 2 weeks of age. But, StAR mRNA was strongly expressed in
Leydig cells of the 4 and 10 weeks of age, where steroidogenesis actively occur. In our results,
the pattern of StAR mRNA expression was similar to the pattern of testosterone production in
immature and adult rat testes. In conclusion, we can suggest that StAR acts as an important
factor to regulate the synthesis of testosterone in Leydig cells of the rat testis.
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2H B0l T2EY §4& FHLHEZTH AF
gt 2 2olE 3289 FAAAAAN FH2HEL
PjEZCgolg gto g o] Fdtq PEZE=E ol W
&8} cytochrome P450,.0 |8 side chaino] 2] preg-
nenolone &.2 i1 1 t}g @A progesteroneo] ©TH
Progesterone-& 71 TH& @A 2 cortisone, corticoid, aldosterone
& YAA ), HEH o2 170-hydroxyprogesterone}
testosterone & A A estrogen® AP, o] A o]
E ZEEY 4o mEA o]FoiA7] HAME 24
2HES A&8A PEES oty Qo g o] FA7E
Zg7)d0l o ol A& 2H2ol= T4
o] Bedsl= ZAHAAEA steroidogenic acute regulatory
protein (StAR)e] 88 T}, SIARE 37kd 2 32kd9] &
FEAZRE YA YE 30kde] Q43 A2 A F
2H 8¢ vEZ=E oty gutolA Wgtoz N&3A
$uhale g dgv

2 Zo|E TEEE RN, 49 A} HE,
T§ Ale]d AXoM F2 A€l Progesterone
3 Ao A, estrogen X 9] 34 Eoj A, androgenE
GEGA N YA o]E 322 FA L 1F
F7)9) ug dae G¥e 43 Hte dgMx g
glAth. E9 testosteroneS T 9] Ato] AAM Eof A A
g9 Aze A&y REA7 g dge] 89 9
T& 3tv] ST testosterones] FAL A 5o 4o
U7 % 944 2402 A49d.

HA 9 JANEN 2HZolE 3289 F4L&
SIAR ¢l wd o) wsel AHH o2 dAH gt
12 23 B2 %9 progesteroned AT da BA
o] W24z ute} progesteronedt StARS] W Fo] ¥
B 29 3¢ AFx719) A M= StARY] 2
Yol ¥liH HA T progesteroned] o] FE3HA
gdojys #5719 FAdME SIARY EEFo] £7|
8o ush 9~158) Z7}3}A 3L progesterone®] AJAIo]
Zadtn Hise A719 FAAAE StARS WHo
At =8 %ol A prostaglandin F,, 2 $H &) ¥
H& ANHLE FEFHHS 9 SARSY HHYFE EA
3 ZAHAYG 28 22 testosterone S A dE 1§
o & StAR H@ o] Male} testosteroned] A9 W

37t AABA) A& Aoz BAHY 4 450] g
Y7l A9 ud% S A5 A L@ tes-
tosterone?] ¥4 X StARY HAT AFHAAN A&
Aoz A4t yzA £ dFdM e 25289 vds
gAY 4739 A Hgo] dojutr] AFEE A7)
4, 10739 &5 8 2L A3 SAR
mRNAY] HHYAE in situ hybridization 7] & o} &3}
o ZAEA

Tz 3 W

AHXE . D@4 SAR mRNAS LHFYE A}
7] 9 AYFE R 02 2579, 459, 1053 9] Spra-
gue-DawleyZ] 89 +3 15578 A8 A=
o2 10799 ¢ 558 A 23 & A5
7] $18t ketamine hydrochloride(#] €} 2}, 50mg/ml, &
%)%} xylazine(H F, 20mg/ml, vlo] A)& AF 100gmF
75mg R Imgo] $H¥ 84 7 FASHA vpH Al
71 ¥ A% & E3}e] RNase free 4% neutral buffered para-
formaldehyde2 #F A3 Hh APF 1@t ¥4
Q279 ¢4 AFsq Y 23 94d 1243} F3
83 4CAA 20% sucrosed] FAAIZ ¥ FHAHHY
g AHE3te] 10pm FA S FAEUE AZSA in siu
hybridization& 4= 837] A7t 10T B@eA

Ay

1) StAR cDNAZ2| subcloning®t probe A&t : & 4
Yol A4 probe A 2H& 8 558bp 27]9] rat StAR
cDNA fragmentE EcoR 13} Sal [0 2 #&} pGEM-4Z vec-
tore] ArQla}<lch. QIAGEN plasmid midi kitE o] 83}
W& 99| Plasmid DNAE & ¥ SP6-EcoR I-[5-StAR
¢DNA-3)-Sal [-T7¢] mapg 7|FS2 Ag¢EA, Sma I
(antisense)#} Noo I(sense}E A8} template DNA plasmid
£ uhE9rh. o]0} T7(antisense) £ SP6(sense) RNA poly-
meraseZ HAIA| A ¥S-UTPZ HA| ¥ antisense RNA probe
9} sense RNA probeE in vitro transcription kit(Promega,
Madison, USA)E o] &3l A Z3lgth. o]E probeE
Sephadex G-50 Nick column(Pharmacia Biotech, Uppsala,
Sweden)0 2 27} £2)3}o cpm Fo| 7HF ¥& RNA
probeE A% o1 o] A& thA polyacrylamide gel2 ¥
¥ & probe AHE-3}3i

2) In situ hybridization : In site hybridization Ang-
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erer et al 3} Duello ef a! '] B} we} £ er] A
Aol A RNase freedt Fel2 A Petgict. 0T HEH
o] Y 2 AU PBSO.IM, pH 7492 A ¥ F ¥ 0001%
proteinase K 3 2], acethylation 3} & A X ¥ prehybridi-
zation buffer(50% deionized formamide, 10% 5M NaCl, 1%
50X Denhardt's solution, 0.5% 1M Tris(pH 8.0), 0.1% 0.5M
EDTA(pH 8.0), 23% Dextran sulfate)o] 37°C ol 4] 1A]3} 4}
SAZ T o]o] 04% IM DTT, 1% yeast tRNA(10mg/ml)o]
¥S-UTPZ ¥ A|¥ StAR riboprobe(l X 10°cpmyslide)S 37}
33 o)AE 22 AN 9o A AHF o cover glass
€ 91 F&4A Yol 60ToA 244 2HE ¢ hybridiza-
tion AJZc} wrSF HEHPYAHoZ 4xSSC, 2xSSCE A
A% F RNase AQOpg/m)E 1057} A3 2 65T A 0.1
XSSCE 3087 A&sy E+34E A autoradio-
graphic emulsion(NTB2, Eastman Kodak Co., New York,
USA)O.2 coating 3} 3 Aol Yol 4TolA 145
FAE probed] WAtHO] ZAFHEE wEAAT. 1 F
D-19 developer(Eastman Kodak Co., New York, USA)E &
A7) 3 rapid fixer2 14§ F hematoxylin® 2 ) 2
st FEv AT GAloF Aol el #A3G

i

ALY E9 942 EA 4 riboprobeE o) &3 in situ
hybridization histochemistry 'y 02 23, 4%, 10F
B9 s o 879 184 StAR mRNAY
$EE ARG WA 4] AHSE ¥S-UTP EA9
StAR riboprobe & A3}/ M FAYxToE HF
¢4 E o] §3te] StAR mRNAS FHYAE ZAIEA
o 279 dho A= FA oA StAR mRNA} o ¢
2% RN EAEI BREAD FA S 2R o}

2 StARY] FEF & ¥} S A 3A
9 27|17t A1 FAAXY EX7 7L $57) 3A)
oA StAR mRNAE 73 F488& Yetyglen
Ao 277t 23 FAHEY BX7} YA £ 5
37] FA oA StAR mRNAE H|ZH g YAuL S
YER A cH(Fig 1a). 2] sense probed AHE-¥ &4 )
ZTF A £ StAR mRNAY Wi G vt A X7} #35
A & 3kch(Fig 1b). G4 9] o)A 73 SAR mRNAS
FHL O d7AEY BaNg dAgos B Ay
o A}-8-% StAR riboprobe7} % & probe & FHHF
Atk

37 2o A SAR mRNAE Alo| A4 ¥ol A BEH
on olg9 WHYNE P &AL g o
& Aol & BT A Ao gojyr] de 25¥e 1
gol M e ZARE 27)71 WS ZAkon] Aol A A X
4] StAR mRNA @& o] o}F o317 #2H thFig 2a,
2b). A A&l oy AFEE 4FH9 @M
AABY 277 2599 AARY 276 AZA W
AAE Jo AAEHL BEFHA st adY olE
18] Abo] A A E A= StAR mRNAS] 7§ FAdutg
HEE BEL T YAATHFig 33, 3b). £ J£T 1057
B9 RN E AT e AR B4R YE #F
& ANT Aol A M F oA StAR mRNASY 724 44
GEHAEE BEY T AUTHFig 4a, 4b). 3 F DBl A
StAR mRNAS| YAuHgL BT Alo]FA XS HMEA
oA BEHUL FALYAE, BAAE, AAHNE §
AABEE FATE AXEAdME 3FFA g
83 189 ¥EH o & SIAR mRNAY @
Table 13 Zro] 4ol A 714 8RR 2 & 10
F8,25% €02 $¥HUT 19 AP ¥ 7
Aste FALAEAEY HEY A Eo M BE

Table 1. Expression of StAR mRNA in the rat testes by in sifu hybridization

Rat age
Cells in testis
2 weeks 4 weeks 10 wecks
Leydig cells + +++ ++
Sertoli cells - - -

Spermatogenic cells -

Signal intensity; -, none; +, weak; ++, intense; +++, very intense.
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E oA = StAR mRNA7} testosteroneE {4 3=
7 2@ AJIA A T2 TEI L A
t}. E3] StAR mRNAE testosterone®] 4 o] &L¢ 43
B 105738 =8 1@ AojAMENA FeA
GEEHATL 2599 Vs BAY n@AE g3
A 2@l nghe] Alo] A A £ojA StAR mRNA L3
9] M3z}o] WE testosterone FA S Wt Bl UL
& A% F itk

Epstein®} Orme-Johnson'>& StAR @3z ] wgo] B
AR AN AT 2HZOE §A9 AR AH
Hog #éo gty RudFoh #A e A A &
ZAo| A progesterone®] Aol Bt A7) FA A 27}
T U3t progesterone®] QA o] ZHadtE Al7]¢] FAA
TE BRYY ALE A AN B dFelA ¢
AuzEe 23 0E dag AHEAEY SAR mRNA
£ BA9 2rzt Fun gAMEY EXr d¥sd
progesterone®] §A4do] s Yojue €579 FA
oM FatA LTEHRT FAY 2717 AN D BAA
¥o| $¥7 YA X HrlY FAGM = %3t
A g A9 LAz ute} StARS] SEH ) A}
o7} gl&& & ATt A FA P x| o
& progesterone 4AJo] StARZ} Bt AL ¢ F
A

Kuhn-velten et al’0] 82 gl dgdAd o
testosterone §4J o] WSHE ALY v} 4FHRH 105
712 9] testosterone A F-& ] % FF A B}
8.7} F7b8k% 2™ androgen §Jo) FLE ELY cyto-
chrome P-450¢! mitochondrial cholesterol monooxygenase(P-
450(cscc))9t microsomal steroid-17a-monooxygenase(P-450
(c17a)% 22} 8.3u), 24.54 F71etch o5 ARe
A Agol ANHE 4578 o]F9 HF TEAA tes-
tosterone®] FAjo] F7HE I o] & cytochrome P-450(cscc)
9} P-450(c170)9] Z7ho] HAM Yo & HAFHoH
4793 10739 87 189 Ao IAEAAM SAR
mRNAY| @@ go] 258 o) v]&d UM B F
Mg 2 d7Y Axe ARE RAFAG. 53 £
AFME 10549 AlojAA T A Kt 4779 A}

oJAM TN o ¥ SAR mRNAY F4vté& &
2% 7 U ol BAE A J5o] AAHE 45
B nglN A A&7 BE&ANI B U
Z8% 9L & testosterone?] FAo| ] FudtA
dojds #do] A& bz A

# 2 Kanzakist Morris*S 1<) Alo]AA TN A
%% 2 20| SAR, 35-HSD(3f-hydroxysteroid dehydrogenase),
androgen 59 A4 & F7IA A 2HZo)= FEEY &
A& F/HNZYga Badgoh AFEEERE V2
TNFa(tumor necrosis factor alpha)e Sj 2| 2§ Alo]A
A x| A vEEZE 8o} cytochrome pdS0sccd] WA S
Z2A7)1 StAR mRNASH @3 S FAaA A tes-
tosterone®] 43¢ 72 AFTH’. E§ lipopolysaccharide
o] B A nge Ao FA XA SARY THE
ZANZ T testosterone®] WAL ZAANHUG. wetA
1.3ke] Ato) A A E o) A] testosterone®] A A2 StAR &
Wy By Hate} gy kn "ok

E A7 e vdsd A5 83 2@oA StAR
mRNA 2d9] W E ZAE v 2@ Ao AA T
Al dojuE testosterone®] FA L StAR mRNA £3 ¢
Az DHE AV Y€ FHY F AR

- g

AHZo|E 328 AL FY2HER 1H AH
%1 steroidogenic acute regulatory protein(StAR)2 28| 2
ol FARAAM EH2HEE ES= oty ¢
o2 A&3A ste 4 ¥ & dFdMe &
HEols 3289 §AFo & y&5e 257Y 34 4
& 459, 105739 87 n8E o2 StAR mRNA
o] W@ SAME in situ hybridization 7] & o] &3t} ZA}
gk

87 1$o)A StAR mRNAY= testosteroned 4| 3}=
Al FH XA Z3HA - AT 53] v|dsP 2F
o] mFo| A StAR mRNA7} %8t A) LHEH UL tes-
tosterone?] §4jo] A o] Fo| A& 45 3} 1057
o 443 87 1$o)M & SAR mRNA7} 73 A) W
= o] StAR mRNA w@¢] ¥3l: testosterone A %2
Wt At o) 4dlA vl 5T BFH A
A StAR7} 2§9] Ao] A A E oA testosterone?] 4ol
2@ Qa2 ALY ¢ F UAAS
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Legends for figures

Fig 1. Dark-field photomicrographs for StAR mRNA in the rat ovary by in situ hybridization. Positive signals were detected on the
corpus luteum (1a). No positive signals were detected on the corpus luteum in negative control with sense probe. CL: corpus

luteum. Bars represent 250pm in 1a and 1b.
Fig 2. Expression of StAR mRNA in the rat testis of the 2 weeks of age by in situ hybridization. Dark-field photomicrograph (2a) and
bright-field photomicrograph (2b), Positive signals were weakly detected in Leydig cells. Scale bars : a; 250pm, b; 50um.
Fig 3 and 4. Localization of StAR mRNA in the rat testes of the 4 weeks (3a and 3b) and 10 weeks (4a and 4b) of age. Dark-field
photomicrographs (3a and 4a) and bright-field photomicrographs (3b and 4b), Positive signals were strongly detected in Leydig
cells (Arrows). Scale bars : 3a and 4a ; 250pm, 3b and 4b ; S0pm.
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