Reprod Dev Biol 35(1) : [15-121 (2011)

In VitrolIM Retrovirus Vector SystemZ 0|28t M=& hFSH REXIC| 28

0744 - A=A
HTES ek

In Vitro Expression of the Recombinant AFSH Gene using
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ABSTRACT

hFSH is a glycoprotein secreted from anterior pituitary and consists of o and B subunits. Because of its major
biological functions including sperm formation in the male and for follicular growth, FSH is used to cure woman's
sterility. In this study we tried to produce recombinant hFSH in vitro using a retrovirus expression vector. Two major
components of the vector we constructed are: (i) a DNA fragment containing o and 8 genes fused by a DNA sequ-
ence coding carboxyl terminal peptide (CTP) of human chorionic gonadotropin, (ii) a DNA fragment corresponding
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE). Evaluation of expression profile of the re-
combinant FSH using reverse transcription PCR and enzyme-linked immunosorbent assay (ELISA). Among three cell
lines tested, HelLa cells were the best for hFSH expression (5,395 mIU/ml), then followed by chicken embryonic
fibroblast (CEF) cells and Chinese hamster ovary (CHO) cells in the order of hFSH production. In addition to the am-
ount, the FSH produced from HeLa cells was highest in terms of biological activity which was determined by mea-

suring cAMP,
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Follicle stimulating hormone (FSH)-> luteinizing hor-
mone (LH), human chorionic gonadotropin (hCG), =2.2]
3L thyroid stimulating hormone (TSH)I} 7 | 8}
Aol A Aatels Gule s2R o024 o subunitd
B subunit®. 2 gEo] driMoyle 5, 1998). 92742]
o] :ito R o] Foj7 FSHE a subunit& LH, hCG,
TSH®| a subunit?} opv|icil AA} 5A3hH, aspara-
gine (Asn)-52, 78 F-91o] F7} EASIaL, B subunit
Asn-7, 24 F-9ioll A BEE A 111719 opv|rke
7t (Baenziger 5, 1988; Bagatti 5, 2001). FSH: Al
g8kl Al #HEE  gonadotropin-releasing  hormone
(GnRH)ll 93] £H|7} E715He= s2Rogn, Yije
A " o] oy dige] d4Hel deks g
(Schaison &, 1993; Out &, 1999). o1&]8 Ael= 280

Z Q18] FSHE 94E sk =9 dAe] wWas f=
& uj(Loumaye &, 1995; Speroff &, 1989)¢} in wvitro
fertilization (IVF), intracytoplasmic sperm injection (IC-
S, 2Els AT oAl A<l T2 Eolt(Johns T,
1982; Prevost %, 1998). #}4 FSHi= #|47|e] o1 o
R el g5eedont el 9% o9 e A
A, FAD 1F] WA ARelH e Zahe
ol 5e) A7t wgs el thennings 5, 1996). ©]2]
& BARE A5 Astel AT DNA 7163 Chi-
nese hamster ovary (CHO) & ©]-&3 ooFE& A
Z3 FSHe] Aate] olfojx|i Uvk(Chung &, 2003;
Kim %, 2003).

Az o] A system e ZE dtEE]ol, &%
+F AL 283 EHEE AE Fol ARgsar Slth o
HAE systemq] re]Eol AH|R T WL o] A=
o g g 24 ANE g X, AhkE g
3ak el 43, 98 o QAR Fof MY F oW

* o] ER(EE AT 20079 & AHIEAHARA ] AdoR astEnTAthe) AdE dob Y AT U(KRF-2007-359-

F00006).
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Aol Hds] YA Kot YESHH 4L 7}
wde] Agado] ofyrty LA UrkBraun La-
Baer, 2003; Palomares &, 2004). 12|21 &R} Z& A
22 JRAE A2d Fo vwd Aujgon g
%ol Azt dds e 5 gloy, thildel JE
3 GA BB W) o Be e e
FE A 2o dulde) Wye] THEE A X
Ajsl zjol7h o] vh= Aow Husiw gltkChang 5,
2003; Montesino &, 1998). & &J<E 9 QEoJ3t
TEOR AT AT D] 60~70%E CHO,
BHK (baby hamster kidney), HEK293 (human embryo
kidney) A% 5 AXA7{ 52 Qzte] Aoz RE Hf
H EREE AXAA B 9o (Wurm, 2004), ©]
5 Az gAY 70%c CHO AE2RE Ardn
AHPavlou®} Reichert, 2004; Walsh, 2006).

In vitroolM B0t 8202 A2y ands Qas)
7] M E TAs A SFEAEe] dun o)
Ut SFAE R oY FAAE dgsls system =
3ol Fog aziolrh AX U2 Y FHAE o
Sl WL retrovirus, lentivirus, baculovirus, adeno-
virus 18]35 adeno-associated virus 59 virusZ uj7l
AZ FAAE Holsts WEd 17152 (electropo-
ration), P2 AHH 2 2l E(liposome)S ©]8-3}
T non-virus’d o] el ok Faje] A AGA o]
UERHA] gFom, WHeluke-g A9 doslx] ga, ul$
T sized] A HEE 7ped FHol oy, A
HE faxtel de] ggo] vrow], fadzte] we] g
Aoz yehtba FAASRR AEFE TEH8) oY
& @Ael ArkNishikawa®} Huang, 2001). Viruss
A A L 34 R AaEoE TR 5 gl
HA AE YR =09 fdA) YAH e wEEE
baculovirus®} adenovirus system©] $1om, =319 )
FARATL SFHEY genome HE AFIE O] A7]7F wt
HH = retrovirus 2 lentivirus systemo] thKay %,
2001). 53] retrovirus vector systems A E R
F2 A Holg, oy fdA) £FAEe] Gy
2ol kAl =9 aelu 290E fAxte) wEgo)
FrE 3PS A 9IohKim, 2002).

HodFo e o3t AHL A retrovirus vector
systeme ©]-83ke] AEF hFSH FAAE HolAl7) a}
silom, Bet g84Q Fdx Holg gstd e &
AES =Y WA hESH F47e] ®9] ¢ 2
G5 xol7] A 299AY a9 B FHA M
hCGe] B-At&ol]l EA15H: carboxyl-terminal peptide
(CTP) ME2 dZ3 Fug =8isigion, phlae) w
S S7M71E Ao A3 woodchuck hepatitis vi-
rus posttranscriptional regulatory element (WPRE) A<
(Zufferey &, 1999)2 =48Rtk % retrovirus vec-
torE Y TH FEAEANA LHAIA A= hFSH
o B B YEHA A viugoewn A3 hFSH
o] Aol Aol b FEAHQ A AEFS Hde)
1Al Shrh AT AREL in vitrool Al A2
hFSH®] A41E A8 5839 systemS AT 5 9lo
H, A48 $ES ] A% AT dolEE AF
o s Aotk
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Retrovirus® 75

pPLNC-hFSH-WO] 52 ¥ dy4lolA ®fsti 9]
T pGEM-7Zf-FSH B-CTP-FSH a8 BamH I 3} Klenow
fragment, Hind[ll #|$t&4 02 A2|ste] )3 FSHB-
CTP-FSH a {+3A% Sal 19 Klenow fragment, “1]31
Hind I =22 AFE4LE Afg pLNCXW vector?t
ligationd}e] %3} tHFig. 1).

pLPC-hFSHR-W®| 755 #13t pCR-Blunt II-TOPO-
hFSHR(R) (Open Biosystems, USA) vectorZ Spe I 7} KI-
enow fragment, Antarctic phosphatase® ]t ¥ Xho
[ linkerS <1239 Xhol AaL e F95 =9
at3ltt o vector® TA] XhoI# NotI 22 |3t
hFSHRE ®elstaiod, Not1 ¥ Sall1€ A& pLp-
CXW vector?} A% 3ste] pLPC-hFSHR-WE +3%3}3t}
(Fig. 1).

Virus 44 3 BY HE29| Z¥

AN2e pLNC-hFSH-W vector+= Gibbon ape leuke-
mia virus®| 39 427} L= PT67 (Clontech, USA)
E7ME calcium phosphate WHOE  transfections}
At PT674l A A4 virust Moloney murine leuke-
mia virus®| gag¥t pol 27 WA= GP2 293 (Clon-
tech, USA) MXoll HAAIAA G418 (600 ng/ml)o] H
7hd i FA A 2530 wlste] GP2 293-LNC-hFSH-
W AZ5E &89 o] MEF] vesicular stomati-
tis virus G glycoprotein (VSV-G) Fr#AA-& 717 pVSV-G
(Clontech, USA) plasmidE& UA|4 SR transfectiond}]
4817 Fol] virus WA g 3tk A2 hFSH 1
Axre] wda Jedhd @48 Q] st 8¢
virusE A 100 mm dish® 1x10702 FH)3 T3 A
¥(BEF, CEF, CHO, HelLa, NIH3T3, PFF)oll Z9AIZch
e AEE= G418 (600 pg/ml)o] b wiFdelA 1
FUI AEste]l RFSH 347} Aojd AZFE &9
at3ict,

ANZ3eE pLPC-hFSHR-W vector® $19} 22 5§
IO 2 BFSHR F427) o€ CHO 25§ &3ls)
At} AlEF Al puromydn (3 pg/ml)e] 7k ¥l
FHL A3l
B g A3 PT67 (Clontech, USA), GP2-293
{Clontech, USA), BEF (Bovine embryonic fibroblast), CER

0 32 ol

pLNC-hFSHW

pLPC-hFSHR-W
| 5LTR - Purot H cmvp

Fig. 1. Structure of pLNC-hFSH-W and pLPC-hFSHR-W retrovirus
vectors, LTR, long terminal repeat; Neo®, neomycin resistant gene;
CMVp, human cytomegalovirus promoter; hFSH 8 -CTP-hFSH a, hu-
man follicle stimulating hormone gene; WPRE, woodchuck hepatitis
virus postiranscriptional regulatory element; Puro®, Puromycin re-
sistant gene; hFSHR, human follicle stimulating hormone receptor
gene.
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(Chicken embryonic fibroblast), HeLa (Human cervical
cancer cell), NIH3T3 (Mouse embryonic fibroblast), PFF
(Porcine fetal fibroblast) A¥= 37T, 5% CO, &719]
incubator®l| 4] Penicilin (100 IU/ml)-streptomycin (100
pg/ml) (Hyclone, USA)Z 10% FBS (Fetal bovine se-
rum; Hyclone, USA)7} % 7}d DMEM (Dulbecco's Mo-
dified Eagle Medium; Hyclone, USA) Bi=x]of|A] wloF8}
%At} CHO (Chinese hamster ovary) M2+ Y38 27
©] incubator® 4] Penicilin (100 TU/ml)-streptomycin (100
ug/ml) (Hyclone, USA)¥} 10% FBS (Fetal bovine se-
rum; Hyclone, USA)7} #7144 Ham F-12 (Ham F-12 Nu-
trient Mixture; Gibco, USA) ¥ #]ol| A wjoFal<ic),

MZE nFSH 78X U hFSHR |EA Ud &0l

ANz hFSH f-dxtel wes 3helslr] Yate] Zhzh
9 MEZFo|A RT-PCRS}F ELISAS A A3 o™, hFSHR
Fraxre] wE- e RT-PCRE o]&3te] 2elsiglo),

AA RT-PCR H42 oh53 #th INChFSH-W vi-
rusE AEAT M ddsA & Zbzhe] BEF, CEF,
CHO, Hela, NIH3T3, PFF M X Z 4847} kst & Tri-
zol& o] &3t A E total RNAS E&stgEth Im-
prom-1I reverse transcription system (Promega, USA)=
ol&3te] Ralgk Z7te] 05 ug9 total RNAZHFE
DNAE AFs5 o, A=23 DNAS FHOZ hFSH
o} tlF72 ZF M E59 GAPDHe thdte] PCRE 53)
83tk PCR #H&-S PCR master mix (Promega, USA)
10 plell 242} 20 pmol®] “+”, “~” strand primer ~1] il
A28 DNA 1 plE Yol total 20 pla SaskG L,
PCR #}7-& 94CollA 303, 56°CollA 303, 72°C)A 30
F3b 35 cydes WHE HARE & HET ALES 98] 72C
A 7EZE wESAIZTE Aol AMESE Az hESHel
813l primerv “+” strand primer?! 5-AGTGTGAC-
AGCGACAGCACTGA-3'9} “~” strand primer$! 5-GC-
AGCCCATGCACTGAAGTATT-3'E A&t}

RESHR F73x}e] Zol& ¥lslr] #1dke] LPC-hFS-
HR-W virus7t =% CHO A Z9 £957 ¢-& CHO
AEE 48N vk F 99} TUS PO R (DNAS

Table 1. Primers used for GAPDH analysis

Azstolon, Axd DNAE FHLE hFHSRS CHO
M ¥ GAPDHO| st PCRE 53331tk hFSHR
of slgst= primere “+” strand primer?! 5-TGACA-
GCTCACTGGCAAAGACA-3'9t “~” strand primer<]
5-GGCAGAAGACAATGAGTCCAGC-3'olt}. 7t RT-PCR
Aol Qold tiETE ARG GAPDH el tig
primerv= Table 17} &t}

ELISAE 0|88 X nFSHO| &

Az3E hFSH R AL Zlold Zhze) Aot # o]
97 @e 7A7te] thET AEFE 2x10°7100 mm dish&
FH]3Fe] DMEM/FBS s kbl 4 48417F &<t kgl -
forols- a3t CHO A% Ham F-12/FBS Hj
oyl & A1-85}5iTE FSH ELISA Kit (Calbiotech, USA)Z
AHg3tod ELISAS AAE o, 48 vy gt &

1%l standard$} sampleS microplate®] 7} welloll 50 nl

O

[
o 12

B
# Yo F 100 ple) FSH enzyme conjugate® 3 7}ahe
2.0 A 3087 A8 T wash bufferiz 38 5819
ol ZF wellell 100 ple] TMB (Tetramethylbenzidine)
substrate solutiong 71t} Aol A 1083 ¥H-EA7]
¥ 50 ul stop solutions Wt WhE& FAAIZ oM,
microplate readerE A&k} 450 nmo| IHgolA &
=g A

AN Z% hFSHY AETH 84 &

A Ze hFSHY A& < SA37] #Heted A
& WFSHR 427k Holgl CHO MXEFZ 12 well plate
9] 7} welloll 5x10°715 ZH]8}e] Ham F-12/FBSE uhok
&kleh w9k F- BSA (10 mg/ml)7} ¥.3H¥ PBSE 23] A
28}a1, 0.25 mmol 3-isobutyl-1-methylxanthine (IBMX)
9} BSA (1 mg/ml)7F 3¢ 800 19l Ham F-12 wjj kel
o7 wAE 28l AR hFSH §34A7F deold
CEF, CHO, HeLa AlXZFol|A 88t ujoFein} g2 o
2 lslE AZ% hFSH (R&D SYSTEMS, USAYE zt
7} BSA (10 mg/ml)7t EFHE PBSE o838t 0, 1, 3,
10, 30, 100, 300, 1,000, 3,000 mIUZ 34lsle] H7p3l &
37 ColA 4417 vkttt 4A17F & wijtdls 42843}

Cell line Species Sequence (53— 3) Product size (bp)
BEF Bovine CTTTTAATTCTGGCAAAGTGGACATC (+) 00
ATCTCATCATACTTGGCAGGTTTCIC ()
A ATCAATGATCCCTTCATCGATCIG (+)
CEF Chicken TCATCATACTTGGCTGGTTTCTCC () 674
GTGAAGGTCGGCGTGAACGGATIT (+)
CHO Hamster CACAGICTTCTGGGTGGCAGTGAT () 555
GGTGTGAACCATGAGAAGTATGACAA (+)
Hela Human TGCTCTCTCTTICCTCTITGIGCTCTTG () 658
, ‘ TGAGTATGTCGIGGACTCTACTGGTG (+) |
NIHSTS Mouse GGTAGCCGTATTCATTGICATACCA () 686
PR Pig TCCACTACATGGICTACATGTTCCAG (4) -

ATGTCATCATATTTGGCAGGTTTICTC ()
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o] cAMP ELISA Kit (R&D, USA)Z Ahgate] 237
24e A8k ELISA #4250 nl9) primary an-
tibody solutiong 7} welldl] ¥ & ALofr 1417k 0
& % wash buffer® 43] AT ZF welle] 83
B 100 ulet 50 ule] cAMP conjugateS 3 7}3to]
Aol A 2A)17F 9H2A)T] & wash buffer® 48] 548k
U, 200 119 substrate solution® #7}8lo) A& A
3027 HAESTE ©] % 100 nlel stop solutionS 3
7¥ated REE& FAAIZ] F microplate readerE AHE-3}
o} 450 nm®| FeA FHEE A h

g 1

Retrovirus Vector Systems 0|88t Y X & hFSH SHX}
His Zho|

2C =F0

ANFEF hFSH 5342 BEE in vitrool ] 8215}
9fste] z}zte] AEo] LNC-hFSH-W virusE 72941
A WFSH #3407 dold MEFEg gysisich
RT-PCRE o] &3t 4 Aot virusol] g5 A &
2 NEFANA AZF hFSH FAAR] B3 dHo) 2
w7 gE2E] vEl, virusell AEE AEFIME )27
hFSH 73374l adsh= PCR Whde] FFo] S3iay)
= AUTHFig. 2). 222 Z7he] Aol Gl &
APE o] FolxE e #Ishy] 9fstel GAPDHE tlx
T2 A8 THFig. 2).

AZ]E hFSHe] A%E 98] f-ax7E dojd 2 A%
o] WiFHS st} ELISAS 23 23, BEF-LNC-
hFSH-W A} Ze| A= 200 mIU/ml, CEF-LNC-hFSH-W A
Eo A= 5000 mIU/ml, CHO-LNC-hFSH-W A X of] Al &=
2,562 mIU/ml, HeLa-LNC-hFSH-W Al ¥ 0] 4= 5395 mIU/
ml, NIH3T3-LNC-hFSH-W Al 3ol x = 222 mIU/ml, PFE-
LNC-hFSH-W Al FoAE 243 mlU/mlY] %2 vheh)
AtHFig. 3). LNC-hFSH-W virus7} # Q%A & A%
A= hFSHS ¥k gho] WelubA] ttd(Fig. 3).

Retrovirus Vector Systema O}8%t AFSHR REAL &
&0l

hESHR F-A7ke] 98 in vitrool| A BH18}7) $i3}o]
CHO Al ¥°ll LPC-hFSHR-W virus® Z-gAlA hESHR
AA7F Hdold MEFE Y3tk RI-PCRS o] &3
A4 AANAME virusoll FAHR] 2 A EFAA KhE

BFF CEF
+

CHO Hela NIM3T3 PFF
- + -+ + +

P

e Ltk dend N <€ GAPDH

Fig. 2. RT-PCR analyses of hFSH gene expression in various target
cells. P, plasmid DNA {(pLNC-hFSH-W); BEF cell, CEF cell, CHO
cell, Hela cell, NIH3T3 cell, PFF cell; — uninfected cell; + cells
infected with LNC-hFSH-W virus. In RT-PCR analysis, two primer
sets were used: One for the hFSH B-CTP-hFSH a gene and the
other for the control GAPDH gene.
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Fig. 3. ELISA analyses of recombinant iFSH gene expression in
various target cells.
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Fig. 4. RT-PCR analyses of #FSHR gene expression in CHO cell. M,
marker; P, plasmid DNA (pLPC-hFSHR-W); 1 and 2, CHO cell; 1,
uninfected cell; 2, cell infected with LPC-hFSHR-W wvirus. In RT-
PCR analysis, two primer sets were used: One for the hFSHR gene
and the other for the control GAPDH gene.

SHR F3dz}el] tigh dslo] &% g2 H|&) virus
of 7FAE AEFolAE 300 bp2] AFSHR 3 &3
3y PCR el FEo] FHaA EIEUHFg. 4).
28] 3 Z7Q) GAPDH G-7Ate] ojgk PCR 9L 4
oA A9 FI3 Fo2 et A& eIt
(Fig. 4).

MZE nFSHO| HE8HY Y 53

ELISAY] 93] A=E CEF, CHO 18]3 Hela Al ¥9)
A AR Az hFSHeE tx7l Yoz fvfs
i A3 hFSHe] AESHA 242 adenylate cyclase &
Ztell ubE cAMPe] W3lE olgste FA vt 1 2
¥, tzTE AR Al2F hFSHel vis] CEF, CHO 1
2|1 Hela Al¥o|A Ld¥w AJZ3 hFSH7F v]&38tA
o AESH FAol e AL FUE o US
UHFig. 5). 222 E3 HE F Hela AXEolA dds
Az hFSHE F57} 1,000 mIU/mlo] HRE o 713
2 AETH 498 HeEhHATHFg. 5).
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Fig. 5. In vitro bioactivity of hFSH in CEF, CHO, Hela cells and
thFSH standard curve. Adenylate cyclase activity by the various
concentration of hFSHs were determined using CHO cells expre-
ssing the FSH receptor. Stimulation of cells was incubated at 37°C
for 4 hour, and total cAMP was measured by cAMP ELISA. The
data were obtained from experiments performed in triplicate and
are presented as the meansSD.
L2 AT £ SlE AYedEAs A 98 o
T7F 28 FolthKirby, 1999; Wurm, 2004; Link %, 2006;
Kim 5, 2006). ©]#3F AFolr 7P Fo3 e4x 9
A A geal = F WHe] o
FA7 o] system] Folt}, olo] & = 9
I fdAke] e delaw dojsl fuAtel A, 1
glar dold A He HdE&S YehlE retro-
virus vector systemS ARESFITE o) systemo] EA|H
Q1 virus S e oE] AAHE FL SF W99
442 vesicular stomatitis virus G glycoprotein (VSV-
G2 IO = T} pseudotyped retroviral vector sys-
teme =UFoZH FASAUHBums 5, 1993; Liu 5,
1996). ¥ A7-olA %3} retrovirus vector system®] -
22 542 vt 2ok 3, FSHY| a9 B 42w
FAA7E CTPE. 925 0] gl Fele] DNA B3-E in-
ternal promoter?! CMV promoter®] downstream %]
of Adetglet. Ade dAelA CTP o8] F Aus]
S Agsto] WAl B¢ AT hFsHe| A i
5 MA F de e Basle] glth(Fares ¥,
1992; Lapolt 5, 1992; Klein 5, 2003). =4, <& &3
Ao} e Aol 3~5w) A% ST Basof
S WPRE M E& hFSH #9749 3§40 =181
Edl(Zufferey 5, 1999), = A3} %2 A 5 Hela A
Toll A THHE A£F hFSHY 527} 5395 mlU/mls
w}-- A vFebstow, BEF, NIH3T3, PFF, CEF, 712ar
CHO AlE o fAx o &2 Hd&S epiict
(Fig. 3).

7} Al ZESro] M ey hFSHO| e E4
ke WO EE aromatase E4 533 cAMP &4
o) stk A9 Sertoli MEE ©]-83}= aromatase &
%74 (Padmandbhan %, 1987)& 4] A7ke] o2 4
i AR G 2] AR A Fol dHoR Axg
ojel Wt Zhdbata A3 hFSHO| AEeH4 &
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545 flstel hFSHR7E 28 e AZFS 349
=], o] AEA= A" FH Gproteind ¢
hFSHR7} FSHeF WHE-81¢] adenylyl cyclase®] E4& o
o7, o}z A3 cAMPY] AEdol FUkekE Bl R &
24 ltHReichert %, 1989). WA i TN E Az
3 hFSHe| AEstd &4 54& A3 WA hFSHR
AxE wEels CHO AEE %389 RT-PCR HH o
2 hFSHRY| 2d& gelsllthFig. 4). 28]3 CHO A
Fo M 2 E hFSHR9 CEF, CHO, HelLa A3Eol|A
¥l A=Y hFSHe ¥HS AHEQl cAMPE o] &-3te] A
Bohd g4 S SA4stast itk 4 deRs 4
FEF WAk Hije] AMEEE radioimmunoassay
(RIAY7} @o] AR AIRE o] RS AR F9¢
2o feide] w@Eelrh. Sugahara 5(1996)& AxF
hFSH®) AE-8H4 &4 2% o) RIAS ELISAS A}&-38lo
Hl g doE epIch w2 Aol s g4s
Apg-8ka ZAo] 7HHEEE ELISA W o2 A 33 hFSHe)
AEBHY s SAglon, A3 23 dddes &
m=lE Alz% hFSHeF vl ngls wf CEF$} Hela A¥of
A e ARG hFSHE AwehH 2ol o w4 54
= th(Fig. 5).

ol4te} AAE vl o2 retrovirus vector systeme ©
£38 olyl B ATA AZF hESHE Wy, B
CEF, CHO, HelLa A3l %3t hFSHe] Halo] F
Aoz olfolfles Gtk ojHd A= DNA
e FEAEE o83 hFSHY A #1737 44
o] WMo RYH F&3 FSHel vlate] £Wo2 Qg &
Aol odgke wx ¢, LH X7 ¢ler FSHe
Sold ZAYEsE Holuha, Foluths AEF DNA 7]
Sz g diF Aol 7ttt BaEgith o] Byl
obel PAAREANM A3 hFSH/E #H47] hFSH o
D% AAE 9747] hFSHel wls] ek f-5o 3
A a3l Askg Epa UtkBergh §, 1997; Out
S, 19%). wepAl B A AT HelHE B9 X84
Q! Az hFSHE in vitrod| A Buh S&4 02 Aited
I Sl system TEO] ZA 71AE ¢ e AR AR
At

=

ok o

o

3
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