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In vitro Studies on Hormonal Regulation of Vitellogenin
Synthesis in Tilapia Hepatocytes

Abstract

Vitellogenin (VTG) is a precursor form of egg yolk proteins, which appear only in the
blood circulation of female fish and its synthesis in the liver is considered to be regulated by
several hormones. The aim of the present study was to clarify hormonal regulation of VTG
synthesis in the liver of tilapia, Oreochromis mossambicus. Simplicity of the experiment was
carried out by developing a primary culture system of the hepatocytes.

Two types of VTG (VTG210 and VTG140) were purified from the blood of estradiol-
178 (E,)-injected male tilapia by combination of ion-exchange chromatography and gel
filtration. VTG had apparent molecular masses of 370 and 220 kDa by gel filtration (Superdex
200) and 210 and 140 kDa by SDS-PAGE (7.5%), respectively. Western blot analysis showed
that antibodies raised against the purified proteins reacted only with respective protein band,
while antibody raised against egg homogenate reacted with both proteins. Enzyme-linked
immunosorbent assay (ELISA) for specifically detecting VTG210 and VTG140 was
developed. Assay accuracy and validation revealed that ELISA for each VTG was specific for

¢ target VTG. The highest viability of the cultured hepatocytes and synthesis of VTG after E,
treatment were confirmed, when the isolated hepatocytes were cultured in the serum-free
Leibovitz-15 (L-15) medium containing 5 mM NaHCO; at 28 °C. Additional nutrition and
hormones were not required for long-term maintenance of the hepatocytes in vitro, suggesting
that nutrition requirement and culture condition are different among fish species and need to
be optimized in each species.

Of the hormones tested in the present study for in vifro induction of VTG, E,, and
androgens had stimulatory effect. Cortisol showed stimulatory and inhibitory effect according
to individuals. The results suggest that these steroid hormones are related to VTG synthesis in
the liver. There was a dose dependent effect of E, on VTG synthesis. Induction of VTG210
after the hormone treatment was faster than VTG140. It was considered that there is
difference in the hormonal response between two VTG. Co-treatment of E, and tamoxifen, an
inhibitor of estrogen, resulted in drastic decrease of VTG synthesis, suggesting that VTG
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synthesis starts by binding E, to ER. When mRNA expression of VTG, ER and vigilin (a
stabilizer of VTG mRNA) in the hepatocytes were assessed after E, treatment, peak of ER
mRNA expression was followed by increases in VTG and vigilin mRNA. These results
suggest that cooperative expression of these three genes in the hepatocytes after E, action is
needed to be induction and maintenance of VIG mRNA and/or molecule. Treatments of
testosterone, 17a-metyltestosterone and Sa-dihydrotestosterone resulted in induction of VTG
in the female hepatocytes. Co-treatment of E, and the androgens enhanced VTG synthesis in
the male hepatocytes. Tamoxifen reduced VTG synthesis by the androgens, suggesting that
the androgens bind ER and, consequently, exert estrogenic action. On the other hand,
treatment of chlormadinone acetate (CMA), an antiandrogen reagent, increased in production
of VTG with E, and DHT. It was possible that, like androgen action to ER, E, binds AR and
exert androgen action.

Addition of nonylphenol (NP), an estrogenic compound, into the medium induced
VTG. Co-treatment of NP and tamoxifen reduced VTG synthesis. The level of VTG induction
by NP was different among companies. These results suggest that NP mimics estrogen action
and induces VTG and that estrogenic potential of the NP products is synergistic by
admixtures. It is considered that the tilapia hepatocyte culture system is available for
screening of endocrine disruptors.

The present study revealed that E, is a strong inducer of VTG in the tilapia hepatocytes.
Since several hormones such as the androgens and cortisol involve in synthesizing VTG in the
hepatocytes, it is concluded that multi-hormonal regulation of vitellogenesis occurs in the

liver.

K %%Kﬁ%




(BAHE5—28)
¥i4E 28 148
KRKERER
BISHEHE B

BRYBEER

z&&:&fﬁﬁfj%
E & & JF LR ol
WE z‘@f-fi'7%% }M
\2'|_|;§» g\jr* ]‘ff ﬂ

?ﬁ(ﬁi)%ﬁ%ﬁ&ﬁ%ﬁﬁ&@%?ﬁ%%

B4 (Bt) OBEIEHL, FHBXOEERUBRERBREYRTLAOT, Feors
‘UﬁtLiTo | : : .

V &g; . N 2 -'b',‘L . A L o ‘.
oW F | EREIRRIERSRE 4 AR gL FHEET (jpL820

WEHEE | R S L

) | momE m | semx (eB)  mem | dekm G Ten

B .I ] E Tn w"b‘o Sﬁ‘udn*’-j oh: HD‘V‘UW)M:L RJLJM—!Mnn\ b+ Vlfe[/oje,”n
: SvnH\Lﬁf woo Lilagla He,a.[uﬁfw C

| EEEE (2000$um) B S N e

R, FRIS MTAméhéwﬁﬁ/AbEwﬁ%E(ETD/1:>,WG)A&@
V\]ﬁ‘%ﬁ“ﬁ'%ﬁ’&?“? 154 (Oreochromrs mossambzcus) 03%%@@&%%7& 2FBLTHSMI
LESELEHDTH B, HHFIVEY (Estradiol-178 ; %)%&5bt?5EYMﬁ¢#b
AAI BRI OT NI T T 4 EFVEBERNTOREOS VA BRI N, ThEDS
N DB VBT 370kDa & 220kDa. SDS BB T 210kDa & 140kDa DHFRERS. |
Western Blot TUHFHRTFIE YEBEEHMHM‘? t%iﬁ‘gkﬁﬁﬁ L=z eh bZIIFEUJ VIGTH 3
ZENMEL NI N, BERLEY UNYE (VIGI40 & VIG10) KL TRIST 246 BHk .
ZYERRIE ELISA 27 /=# 8. VTG40 & VIG210 BRI I N, a5 F—FZ2 &

(KE~FL)



EERE

SHEEFPIRD SERT D T &tk D, %N EOEBERE DTS UV FEBS MM E
S, RATIIERBEPEBRED I B, HHELFEEMIGN 28°C IZ8E Lz 5 mMNaHCO, .
2D MIHRDEEMD Leibovitz-15 P THRLDBVWRREEWVWEFERLE., COEBERETO
VIG SR HIMBOBEREFA LD bER oL EGRNMTBT 257 5 E 7 FEEMEOKER® VIG
Aﬁm’li'f > al) RREFRIVEY (GH) ZHEERTT. CORIBUFFRUTADFER .
HiRa e:}ij(% <BRBZENFBEIN:,

VTG %ﬁu&ﬂ%r&%%ﬂ-)% CERELSHITTIEDIT. B BENIVES., BEKRILED,
comsol ca{ FIV PR TEREARES. PRESVES. 12220 RUERAT R Lot 3k
P &’B‘rﬁﬂlﬁ'&bué hie. TOHER, B VICGHEENREFRUIERIVEIRE, L#MERILVED,
EEAVBFEEMBICE > THES LSESEPRZRLZDI cortisol THok, TDMOF"
JWVEEVIG BEICHRZRITINo T,

E, IT& 3 VIG BHDEMRARSON/-ER, BEAFENIIEREPO VIG SRS X5/, E,
B EHTIIVIG210 DFDVIGI40 KV bEBEFIBERHUTERLSIAD, T5IkFDE
BRELEN ST, COERENS EICKZ"HODO VIGERITHSNDENRD D = EMNFM XN/ -
o E; EEDEEH (tamoxifen ; Tam) ZFEIFICEMT 2 & VIG ERMAE I N/ &5, VIG
BRI E, BRIV E 254k (BR) IKRETA LK VEBINS L ENFRINE, VIG
BERTRECEANRDDZ EBSIENTVNRED ) MET. ER BEFRY VIG BETFOREME K -
JWVEDEMEOFBICBIZ2RBECZMNEER. EREEGEFMHETHEMNL., F0% VIG s
FEED) IRETHEARICHEMLE. ZOKERS. TS50 3 DDEETOREN VIGER
WHEEL TWA RN RR I N, BMOFEEMRAOARERERICHEERVE C2EMTS & -
VIG £OBMAERY 5N/, BOFREMIBANEBRRIC E, LRHEFINEEZABRETZE
EBMHELD S VIGERIEE o/, BIEFIVEIIES VIG SRIEMIT Tam HEiNICLD
FREXNED. BERIVE /7)‘? ER IZ#8 LT VIG BREM 2R T EE X SN, BHENILE -
~B#EH (Chlormadinon acctete) & E,®° DHT ORBEFEINI VIGERZED =0, HikFI) )
EZAEED VIGERICEEL TWSREBRENE X bk,

M4 RIVE D EE2F T 5 nonylphenol (NP) ZIEFRIEFITHRINT 3 & VIG SRRMSFEH I N -
. Tam & NP ORBHEIL VIG BREBD SV &N 5, NP I EFIVE S ZAEIHET |
BT I DHEERIVEAERRRT I EMEX S N, BW=EO NP TH VIG HF#icE
MHBEBRALRIEN, FIET OFRANEERVAZBN <EABEOR I ) —=
KEATHDZ EMHSMIENE, “
| CORXTIT I LT FEERARDA SRR THO THEILS N FRIC BT 3 VIG 85
AEHOT)VE itk THE SN TW B AR I N, VIG BREMICS T 5 HE I -
BOEARBREHIFIHAERND TTHY., REEREYMZEITHERARENAZDDOTHS, = ,
DRRE B TERMBRIELTEEDb LW SRR I NE,




