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The Effects of Vero Cell Coculture on Mouse Oocyte Maturation
and Embryo Development in Vitro

Hye Na Kang - Jong-Sik Hah
Department of Physiology, College of Medicine, Ewha Womans University

Assisted reproductive technology(ART) have contributed significantly to alleviating subfer-
tility in the childless couple. In spite of the many advances in the ficld of ART, the pregnancy
and take-home baby rates for in vitro fertilization(IVF) have been very poor. In order to
overcome these problems, a variety of coculture systems has been devised. Vero cells, derived
from African green monkey kidney, were selected because kidney and genital tract have a
common embryonic origin. In addition, these cells are safe for coculture with embryos : they
are highly controlled for viruses and other contaminants because they are used for vaccine
production. Several investigators showed that coculturing human embryos with Vero cells in
vitro resulted in an improvement of embryo development. However, they did not observe the
same results using mouse oocytes and embryos. We thus designed a series of experiments to
demonstrate whether or not Vero cells do indeed enhance mouse oocyte maturation and
embryo development. In this experiment, Vero cell does not allow the mouse immature
oocytes to be enhanced maturation rate in vitro.

To study the ‘In-Vitro 2-cell Block in mouse embryo, we have cocultured ICR one-cell
mouse embryos with Vero cell in different medium. In Ham's F-10 the mouse embryos
arrested their development prior to 4-cell stage(control 76.7% ; coculture 75.0%). In contrast,
the coculturing mouse embryos revealed enhanced development(control 0% ; coculture 22.8%)
in human tubal fluid(HTF) only in late embryonic stages(hatching).

On the other hand, the degree of blastomere fragmentation exhibited a reverse trend to that
of the developmental capacity. Embryos from coculture groups(Ham's F-10 & HTF) showed
some fragmentation(0% & 4.2%) while 13.3% and 14.3% of the embryos in control groups
(Ham's F-10 & HTF) were severely fragmented(P <0.05). Thus the use of coculture systems
appears to be dependent on the type of medium used as a support.

The development rate of late 2-cell mouse embryos in Vero cell coculture was no significant
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differences until blastocyst stage but improved at late develpmental stage(control 42.1% ;
coculture 70.7%). Thus the Vero cell coculture system was shown to increase the hatching rate

of mouse embryos.

KEY WORDS : Vero cell - Coculture - In-vitro - 2-cell blook.
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technology(ART)#°k= gamete intra fallopian tran-
sfer(GIFT), tubal embryo transfer(TET)"SIA mi-
croinsemination-sperm transfer®l] ¢]Z7]748] o#7}
A IVF Wie] A2 0 AFES Eold ¥tk 19
U ojgjgt ol E Byrela [VEllAY QAE) &4t
£& 77 15~20%% 10% olskz wlg- ¥ IVF
programolAe] @& AFEL Ay IAR e & 9l
Ao} 1 B FAGe] F wjgEt oju= A

B A9} FEE(viability)d) ZaE M $23%
Qelo]T}?. o]2|§ stage-specific cell block 22 Q18 A
I 24 AA} wjope] AEE it wol o4 (em-
bryo transfer)d A sl A7 34 9FE 2&
&0 AYHoR WY RS AFEA HUTF. &
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o4& A 90~99AI7t Bt AZEA ) lolr} A
wEg oz vjoje} RHgAato] o] A4 (asynchrony)©]
A7 wjoke] Este} ARE A4S dod|A =

ol EA AL A3 thIFe TFu F(cocul-
ture) system®] 38F= o] #jo}E Ag o]4 dAd] Fd
Pt Aol HAAA F YA HY AMEEHE
=19 system?] typedl= trophoblastic vesicle}
cellular monolayer T 7}X|7} glEd} o] & 471 o
< 33 AMEE T gk d7)e AR EE AlEE ATA]
TP FAAE? Vero cell"E0] JdEd &L F(sp-
ecies), 7]¥(organ), TEE| E-o|4 (specificity)©]

A Ao EFolrt 0% Vero celle ofZgst 254

%] AAAE(African green monkey kidney cel) 2
A AASga GAsHY s1go] Zon 27 djo} LA
< A3 wFddA HA FAHEM 2 AFL vaccine A
Aol AR Ho] o B R virustt 7B 2 g o2 R ¢
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1. Vero cell monolayer2} &4|

W59 Vero cell vial€ 37C F294 =4k 10%
fetal bovine serum(FBS)°] ¥ Ham's F-1022
AT & 2-3x10%ells tissue culture flask(75
em?, Falcon, Becton, Dickinson, CA, USA)el ¥
37ColA 5% CO.+95% 5717 FFH 100% %
7t A HE wlgrlolA wieksislth. 4~59 ¥ F2d
AEE(8%10%ells)-& 0.05% trypsin/0.02% ethyle-
nediamine tetraacetic acid(EDTA)ZE trypsinizati-
onAlA 4well-multidishell oAl 1x 10°cells/wells] &
=2 djstg e, monolayerZt FAEE 29 tH0
2 wjgig wA Y HFig. 1).

&8 Vero celld] £4-& #3 Ad Wi (subculture)
A AEo] g8 Vero celle 44012 ¥4 =5

— 426.-



SIAT, BES 98 529 WES Fig. 29 20| st

2. AE S8 9 iXje} dlote] FH|

B A"ANE B 1447 ¢ 108702 F37)8 =
3t B3 Holrt FE3] FIFHE A A5
A Swiss Albino$l ICRAES] 5~658 AL Al
4315t

1) o]d&HA(Oocyte with germinal vesicle
; GV oocyte)

AL AFZ 4= BAF GAE HE8 449
A EE J2F uEE Hxy dAE g2 2RE 2
of A AH&SAT 2EE AR BFAHEE mi-
cropipetted o]8-5te] A|AsIH o SF-Aw]F el A
A Es AR 34 S YA (nude & denud-
ed GV oocyte) & 435t AM8-sHTH

Fig. 1. Microphotograph of Vero cell monolayer(X 100).

| Flask, 75cm?(8 X 10°cells) ]

cell suspension

l 1

seeding in wells stored & frozen seeding a new flask
in Nunc plates (2 - 3% 10%ells)
Incubated at DMEM+10% FBS
by two methods
1. 10T to -70T ; decrease 1T/min
2. RT to 407 ; decrease 1C/min
then 4T to -90T ; decrease 10T/min

Plunged into LN; tank

Fig. 2. Diagram of the procedure for maintenance of Vero
cells for the coculture programme.

2) 1-M=Z7|2t 27| 2-M|Z7| viol(1-cell & late

2-cell stage embryo)

Pregnant mares serum gonadotropin(PMSG, Sig-
ma, St. Louis, USA) 5 [UE 430 B8l 484]
2t ¥ 5 IU hCGE FAIsHe] Fulleh(superovulation) &
F23 F FA3 A vhed ok AA(vagi-
nal plug)o] #ZH A& F#} hCG FAF F 2847190
I-A1E7) wlobg, FAF F 5043kl 7] 2-41%7] wfo}
g FagozNE A

3. ol FFH{ke| FH|

Ham's F-10+10% FBSE 7|Eujgdoz slof A
g 2677+ Ao Vero cell& 10%ells/well® 4well
dishel] Z3 2477t & monolayer7t ¥4 =™ phos-
phate buffered saline(PBS)= 23] A& & & t}A] o)
ofel g Yo 247t A% (preincubation) s+ & YA}
Hjo}E Yol 1 AsEn HAES BT

o, 1-ME7] wole] FEuY F gy HlwE 98]
human tubal fluid(HTF)E #jgd oz ALes F9E
Ad 1247 A Vero cell& 10%ells/wellZ 4well
dishel 23 Ham's F-10+10%FBS8t HTF+bovine
serum albumin(BSA ; 4mg/ml}E 1: 1H]&E 42 &
& wgdelA 2447 H-$A70 & HTF+BSAMUmg/
mDE Wgdg mste] 48417 o] wldstn 2 H u)
ol o] FFuldsAcH®, | HTFel%dLS 101,
60mM NaCl, 4.69mM KCl, 0.37mM KH.PO,, 2.02
mM CaCl..2H0, 0.20mM MgSO,.7H:0, 25.00 mM
NaHCOs;, 0.33mM NaPyruvate, 21.40mM NalLac-
tate, 2.78mM glucoseZ AZ3te] AT

Ham's F-10914 Vero cell® A4 F2150] over-
growth® QI3 wjgFeye] Abdste} ufole] metabolic
shockZ op718 4= glom g He 22 (10%ells/wel) 2,
283 HTFA Vero celle A% A& 44 ¥
FABIEE Ham's F-1020} &8 5X(10°cells/wel) 2
A3 monolayer H4& 13 242} dishell 293t}

EE AgdMY tZEL Vero cell glo] vjekelnte
2 Wjol S WlE o Tl THU|AR AP T HS
E F TAE v R ASE AT

4. SAHXz]
AgARe] SARE R xitestE L AR
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2 o

1. Vero cellzte] S-Stlto| A2 X} M550l
ojx|l= G&

A7 vjds gt A9 AsAld Vero cell#e] 35
Hle] I 458 dFE vIXeXE gotur] 93 4
3 A3}, & F(Ham's F-10+10%FBS)3} Vero ce-
Nzl FEuickre] A7 v4ds dxe] &g 47
81.7%%} 83.4%= 2% Aoj& Holx| }rHTable
.

2. Vero cellnte] S&ui2to| 1-Mz=7| ufo}e]
WMEO| DX AT

ICRA AF 9] $7] 2-437) wjolZ Hejo A s}
A Tal7)7hA] gAg o] dojul=a] 1-427] wje}
E Aol wjdshd A 1dgs 2 21 Aol in-
termitotic period B¢t FAAHR 7} dojut 2-A E7]4]
A @ajo] AR\ HE @do] vERdT), ol2f¢ Tn Vitro
2-cell Block' @4}¢)] Vero cell#}9] F5udo g F&
2§ JEAE golrr] 43 o] dFE . Ta-
ble 2%} Table 3& Ham's F~103 HTF F 7}A¢g A
2 o2 Wgdo| Vero cell}e] %5 c&of 2-
cell block =53} 1 o] ¥ 9] W] ojmgt & T+
7 BoFa gt

1-AIE7] dlotE Z+ mjFdelA] 48A17F widstelE
9 Ham's F-1098] 2% 23 F5u I 3-4
7] ol BAEL 10.0%(6/60)8 59.8% (55/92) ¢}
3, HTFY] A4E 60.7%(34/56) ¢ 79.2%(57/72) 2
Uehgth I3BR 3-AE7) o] AEL Ham's

T grEe] A EREE vehe AHEH (-
agmentation) &7 F4 Ham's F-108} HIF
oA 242} 13.3%(8/60)5} 14.3%(8/56)0l 3 FEH]
F7¢] 9= Ham's F-105 HTRZA 0%} 4.2%
(3/72) 2.2 veht} dizTlA F43HAI(P<0.05) B
AAsE e ATHTable 2).

a3 7 oA -7 o] ¢S HY A
E& v 8N 2 Al T2~96A 71 wiokst
H HTFelA 9] kg2 t2(35.3%)9 F5u%
T(36.8%)°) FASHAl UERd oy F&-&(hatching
rate) 2 5| ¢T(22.8%)°] Fo3lA &4 vEldth
{Table 3).

Table 2. Development of 1-cell stage embryos in each
culture systems

Culture No of embryos developed at each siage(%)
condition(n) 1-cell 2-cell 3-8 cell frag
Control
, 46 6 8
-10(60,
Ham's F-10(60) (76.7)  (10.0F (13.3F
2 12 34 8
HTF GO G @14 ©07 (43P
Coculture**
, 6 31 *55 0
H. F-10092
am’s (92) 6.5) (33.7) (59.88 (O
2 10 57 3
HTF 72 o8 (139 (920 @2

*p<0.01, "P<0.05

*Embryos arrested at 4-cell stage(38/55, 75.0%)
**Embryos were cultued on Vero cell monolayer
frag © fragmentation

Table 3. Development of 3-8cell stage embryos for the
last 24hours

. No of embryos at each stage(%)
Culture condition(n)

morulae  blastocyst hatching
F-103} HTFS) 2 Z5u2olA 2180 (P<0.01, ey
P<0.05) = VERGI 7 #jgede] A4 vud 9 Ham's F-10 (6) 4
ol HTFZAA B$ =7 Vet (66.7)
HTF (34) 8 12 0
Table 1. Maturation of mouse immature oocyte on Vero (23.5) (35.3) oy
cell monolayer Coculture®*
" No of oocytes maturated at each stage Mat(%)
Culture condition(n) oV B Ml Deg Ham's F-10(55) (3_1)
Control 109 5 14 89 1 817
ontro ) HTF G7) 24 21 13 .
Coculture 151 5 17 126 3 83.4 (43.6) (36.8) (22.8)
GV : germinal vesicle, GB ; GV breakdown, Ml ; meta- p<0.05

phase II, Deg ; degeneration Mat ; maturation

**Embryos were cultued on Vero cell monolayer
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Fig. 3. Photograph of mouse late 2-cell embryos cocuitur-
ed with Vero cell(X100).

Table 4. Development of late 2-cell stage embryos

Culture No of embryos at each stage(%)

condition(n)

Morulae Blastocyst Hatching  Frag

88 70 52 10
ol 105
Contro 83.8) (667)  @49.5¢ (9.50
103 96 85 2
lture™ 113
Coculture 91.2) (8500  (75.2F (1.8

*p<0.05, *P<0.01

**Embryos were cultued on Vero cell monolayer

3. Vero cellte] ZSuifo| F7| 2-Mz=7| v

ole| wdEo o|xl= I8

A F7] 2-4£7] wjo} T H|R Vero cell®]
A AN A7} Al (ET 83.8% : TFUIFT
91.2%)<} W9t E (2T 66.7% ¢ T 85.0%)
7R 9] g = FoJ g Aol ehtA] ggkeny F
&) o 2T 49.5% L FEMGT 15.2%=
Attt 2ol BHTHP<0.05, Fig. 3). 12|z Algg
£ 1A wjote] 99t FYEA TN frelst
A(P<0.01) A UepdrHTable 4).

e FEuge] A4 e 2R 3]
2 242 1 197} 27 dEe ¢ 5 9o,

T =1

wzle} wjote] AojujAl A EHE Uehle

F5u)%] monolayer system ZE 7]&L e F
M & sz A9E 5 g

A, vkl o ZHE FF4 271 Fol2ol tiA} o

AL FAEDE AAGNAY A, vlohtAlel A

H, 71402 9% FE embryotrophic factor2 A

Fshe Aol

Aolel A AF W& G| Fxo] dojd W FF
Hjoko] 1 ASEE Y § YEAE Yol B TF
Bl fo g GES JEMA g3t & AHE Kol
A kot GFAEE ¥ njlgds Gl A9
A Zo|} zona hardening assay® $3 $90e 73
A E G nAA gsitt. 2= BF A
<& dAte] A9 A% A E Vero cell#te] FEujgoz
Fo% THE VU8 £ % A2 A4E

ICRA A7 1-M|¥7] wiole] 9] LA, FFWL
7} wjogal ] o]yt oW g FEE A EAE gotry]
943l 2t7] Ham's F-105} HTFo] 43S ARE-8te] A
£2 vmagtt 3-HE7| ol LAEL F FFH
&F(Ham's F-10, HTR)olA 2% %n, F590%F
TZHETHE goy HTFZZAAE SAE0] 60.7%=Z
UeldtH(Table 2). 28y o Q& A7k ¥ 3¢
HTFgZ2FE fjiE7X = F6ueed vlsstA F
Aslg o oM olg RET(0%9 22.8%)
Ham's F-10 35 %7E e ojde] TS ¢tx
of AAE 1) 9] In-Vitro 2-cell block A<} &L
HTFEZ 5ol dojds & & UAtHTable
3). AF7A 8l A s(genome) L3} BA o
Yojih= In-Vitro block’ d73e] F5ade] o3 55
g & ol o8 FoA 2¥HJUY. Gandolfish
Moor”= ¥¢ 7% F&THE (oviduct epithelial
cel)ste] FFWUoZ 8~16 cell blocke]l FEES
B ¥, Goodeuxs®e ¥%0| HjolZ, Ellingtons"”
2 1~24 27| 49 wjo}s FEM AR 2 Al7leA
o] HARA L TG FEL F UL R
At agla AF9 In-Vitro 2-—cell block 4%
1990 Ouhibi 599 A&e)A] ofg] AlEete] FoH
Jog FE g HojFa girh a8 HuAdA
Aot 49 oviduct cell monolayerstel FEu{¢L
2 27 67%9} 48%9] RAES, AFA L] T4
o e 429 MDBK(Madin-Darby Bovine Kid-
ney) celld$- 74%9] LAES B 2-427] AXE
4 FE9 15AE YeE v olzgl 2549%
o] ML) Vero celle] 9ol 8%2) HRAERE A
@A o] FEH2) £FL Byt W 19924 Lais
9.2 Vero cell#9] F5ul%A] RN A @
A& ohoe wgAs} A EF(strain) oA 2@ A,
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ik DMEM(Dulbeccos Modified Eagle Medi-
um)/F-12904 ICRAEFE ¢< Ouhibis] Z7e}
7R 2 AR @S FEA] Z3ou CBEFIAE
F9 DFIAZTE d279 198 3Jo]g Holn 4
Az wAsigt, adn @Y%y HTRYAE ICR.
CB6F1, DF1 Al A®5F 2% sjui¥zix]e] SPEL
BE2ZH fASRY B4 R Aolg BRI
ol okol A9 A3 (Table 29 Table 3)oA K& v}
o} 7+o] Ham's F-109] A ¢ di&5¥ F5ujdT 25
oAl 4-HIE7] o]RAA AL BF LA ] FAHAL
(76.7%%+ 75.0%) HTFS] 7% autx71x] 9] $AEL
2ol7t ikt RagoA FEMgol fog xpolE
vEE A 1 At dXEE ¢ 5 ok 2R
FEu%E B A 2AAAAL] FHE HEME
FEYG Axe TFH AEn tEo] wjde AT HE
& ujge Meo] Folur} F2F Ao Algar™?,
#9 wjgd DMEM/F-12914 &-5u]%A CB6F14]
EF9} DFIMETE, wdd HTF 45 27124 E0]
gz Zol7t YNE Ade 2 FENGTA f
93 o) & Holn 1 a3E JETh o]RL wigd
DMEM/F-127} HTFRt} slo} 2] HgatA] o5
o] Fera o Vero cello] ¥l9%¥ DMEM/F-12 Jiel
EAshe o} TAd] FHZE ojd EFE AAT Ao
2 AZEc 285 g4 289 48 Z2H4F cell-co-
nditioned mediumlAE #jo}l FHE S0 et
A 9k, wjol Gl SFA B HTFu G4 9]
Z7)dd] FEulde] £t e 2R B Vero
cell& embryotrophic factor?] FH|Rrh= e
gat AR A o3 FEE E9E e e
2 Azgct Wgd Ham's F-102 HTFS 1 482
HlmE o Fg4& ol&, ofn|xAl, HIEH, hypoxan-
thine5o] © #7}=o] 9d=d 1 F hypoxanthines
In-Vitro 2-cell Block'& o}7]3le F8 €lo] € &
2t} LoutradisT®el W2 Ham's F-10 wjgde]
A Uehte A3 vlotel B4 X @4 4L hy-
poxanthined] glew ol BWWH]SHA A 30uM]
hypoxanthine®] X8| x| @] Qe AFAA 3
A dado] fEH I o|& AASH wAo] FeHE A
o= =53t} o] #4L xanthine oxidase path-
way®l ¢J3]l hypoxanthine©] uric acid® A5 1 o]
o uric acid7} Hjolell 2L ERZA wjo} FAAE A

#3lA1} =& hypoxanthine®] phosphodiesterase
9] 242 A3 Fo2H cAMPS] F71= EAo] A
7} g dojdtin & & gl 2282 Laige]
CB6F1A X9} DF1M ¥ dlolZ DMEM/F-12 )
Aol A Vero celld F5 #jFAE o 7] $450]
& v 3ste] St 99 T8 Vero cello] DM-
EM/P-12 4 hypoxanthine$ AAs7 B&e A
o2 2490 22U ICRAESF ujote] A$olE of
3 A7t UoA ¥ o]A(2~6 cell)o] LAo) A
Ag Ao o} AEF] 3lo] T3 FAV} e AL
2 A7 2ga B AP glole] 44 E¥EE
JehiE AH8H(fragmentation)s 159 fo4dL
Bolo] gzToM EA Ueldd ole dA YBAE
29l Vero cell™2 o]-4¢ 917t wjole] 3% Ate}
T dAshe Aoz AWty 40E IR oE
stressehil B FEu| o] &7 vio} Alo]o| A 744
Ho= Zgsle] vjoke] stressdl] thEh WAEE o=
A% RHE Ao FAHAD

BH F7] 2-AF7)9] dA A FFMEL vl
27180 37|12 245 1 59} 24 Jeigted o
28 712 2 7R F50] sttt & FFH G Al
FEqo] 7] AN Mg Ee} Bz A7 54
AES wlFger] AAsty A BlEk F chy-
motrypsins-& £H| 8] HeloluARe] wigdy o
AZAE Fagten AFH ol RE FEPIAY
TE G@Azete) FEulFAMARE AFdd ArE
E 24(P<0.005)9 A dojd Aok,

19943 Watsons™oll 2w ZE THF AEXES
2839 ¥hS-(oxidative/reduction reaction)e] 4t
2<) &4 Ak (superoxide radical, hydrogen pero-
xide)ell 93] AsjE wg & Jrix . F, 24
A7} o F 9212 (membrane lipid) o W88
a4 BgA4sel A2 3433t 28-(lipid peroxidation)
g op7|grogsr AXe AEE dod F e Bol
o}, g o|# g Al superoxide dismutase(SOD)
o] 9J& superoxide free radical®] dismutationd] ¢
3 4% A€ 5 dEd Eve 9@ U o
SOD 8457 F4HE AoZ Hol dF A¥EEC]
free oxygen radical ¥Adel gt dale] J&E H4
shale] A wlolRAS T F U Ao= FAH
ok 283 49 A4 95% &717F FRHEE WdleA
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G@duAEel FEude vokid, 5%E AR
g 30| FEuSA g1 wolvhs BEuYE o
FulgA g0 FAIE AL FEHFA] dRAEE] 4t
3 FfE o= A= FYAE 5 Adrhke E OE FA
7} 2 £k g

AE 27} Vero cellBe] F5HFe B4 vds ¢
Al A9 A5A 1 AEEdE Fash HTF S
A In-Vitro 2-cell block 4& ol=A= FEAZ
F on 57} 2-4%7] vlotd] F5E5 E9E T 3
v Aoz Jelyth g god il 3437
A3, TEHIA 84S A2 FZHE embryotro-
phic factorth growth factor =¥ #%FA] AAEE H)
%] Al A & B2 (inhibitory substance)Eol @3k
EATEY A7t AdHolo & Ao AlgdTh
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