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ABSTRACT

In most mammals, metaphase II (MII) oocytes having high maturation promoting factor (MPF) activity have been

considered as good oocytes and then used for assisted reproductive technologies including somatic cell nuclear transfer

(SCNT). Caffeine increases MPF activity in mammalian oocytes by inhibiting p34cdc2 phosphorylation. The objective

of this study was to investigate the effects of caffeine treatment during in vitro maturation (IVM) on oocyte maturation

and embryonic development after SCNT in pigs. To this end, morphologically good (MGCOCs) and poor oocytes
(MPCOCs) based on the thickness of cumulus cell layer were untreated or treated with 2.5 mM caffeine during 22-42,
34-42, or 38-42 h of IVM according to the experimental design. Caffeine treatment for 20 h during 22-42 h of IVM
significantly inhibited nuclear maturation compared to no treatment. Blastocyst formation of SCNT embryos was not
influenced by the caffeine treatment during 38-42 h of IVM in MGCOCs (41.1-42.1%) but was significantly improved
in MPCOCs compared to no treatment (43.4 vs. 30.1%, P<0.05). No significant effects of caffeine treatment was
observed in embryo cleavage (78.7-88.0%) and mean cell number in blastocyst (38.7-43.5 cells). The MPF activity
of MII oocytes in terms of p34cdc2 kinase activity was not influenced by the caffeine treatment in MGCOCs (160.4
vs. 194.3 pg/ml) but significantly increased in MPCOCs (133.9 vs. 204.8 pg/ml). Our results demonstrate that caffeine
treatment during 38-42 h of IVM improves developmental competence of SCNT embryos derived from MPCOCs by

influencing cytoplasmic maturation including increased MPF activity in IVM oocytes in pigs.

(Key words: caffeine, oocyte maturation, maturation promoting factor, somatic cell nuclear transfer, pig)

M E
7FEell A i e wed A AAME A s=
Ee A =YE 58 dEAE e AN 5ES ST
A717] 1%k ArF gde] A E L gk 3y 71Ee]
AF A= Aol Aahe b e wjoke] F4, HE R
of @A F7|ek wjof A eke] AA] of F B o)A F ufjo}
o] ¢ T o 290l o

Pope %, 1986; Hyun 5, 2006). & 7}A] o1& W2 7)< =}

AW A vlE) e FEAN &S Hold e ol

+ Correspondence: Eunsong Lee
Phone: 82-33-250-8670; Fax: 82-33-259-5625
E-mail: eslee@kangwon.ac.kr

* These two authors contributed equally to this work.

ofr L
o rlo

BEZ S5 Y5t ALY dAF 9 ovjore] W&
S M7l f1g geked A7t S = $itk(Hyun 5,
2003; Im 5, 2004; Lee 5 2017). A E o] 2] L Za) A
H wotE Aol o]Xste] A ARE AAstr] $18)
ME B T FEY A dRE HFHOE AL
F JE mFA AL o] HLslt) 53], shA9 AS EA)
HAE Aabetr] S iR o)XEE wjote F&
100~30070o €3thBang 5, 2013; Li 5, 2013). SHA]ollA]

SR

=
==
W2 AN %S $EG T nzPAEd olea



132 Joohyeong Lee, Jinyoung You, Hanna Lee, Hyeji Shin, Geun-Shik Lee, Seung Tae Lee and Eunsong Lee

Zlo] dRbdoln, o] 74 ALeg EE AME Hold &
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< maturation promoting factor (MPF)2] EAdol o]sle] A H )
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3. LA MIEE L glutathione EHEF 24

AEZ W GSH & 242 old Aol AHSH WS
EZ JY3sAHKing 5, 2004; Sakatani 5, 2007). Al ZF
W GSH 55 ZH&3H7] 9138t CellTracker Blue CMF2HC
(4-chloromethyl-6.8-difluoro-7-hydroxycoumarin; Invitrogen)=
HAE GAste] &3 dAv|Astel A FF 1S dEse
Attt A3 Al wet dsE G F A1ISAV BE
oA A £ 11-1270¢] FAE 10 uM CellTracker
7 A7FE TLH-PVA vl <F oA 3027+ vl eFstit) o] —ﬁr
PZM-3 Wl ¢ o2 33] AlH § 30 &1 F7h et &
7 ol Ed HAE= 0.1% (w/v) PVAZF 3718 Dulbecco's
phosphate-buffered saline (D-PBS; Invitrogen, Grand Island,
NY)2o & 33] A& & 2 plo] m4&HOF %7 UV filter (370
nm)7} F2HE 3334 v] 7(TE-300; Nikon, Tokyo, Japan) 3}l
A BZASAIL 1P X # F Image] software (version 1.46r;
National Institutes of Health, Bethesda, MD, USA)E ©]%-5}o]
Fgo| AEE AT

4. L MIZZ L maturation promoting factor 49| =4

34 dAke] A=A ) MPF 4 548 918 MPFS] A=
A& 8l 9tE Al#E+= ELISA kit (Porcine Maturation
promoting factor ELISA Kit, My BioSource, Southern California,
USA)E ©]&3te] AZALl A 53k wiol] whe} 245 79
skt 7t 507H] WdAHE 0.1% PVA 3 DPBS7F £01 &
microtube®] o] -80°Coll A &7 #A7tA] H#Assich M
20070 9] HAE e A o] &3t Bufferst S

H AEE ZEE FdolEoA MPE-HRP Al ¢ A 14]7F
Ft m ATk W = 7 welle] WEES A AT F 53]
A2 &) rEREO 2 stop solutions F7}sle] ¥
1 % 450 nm filter”} 72HE microplate readerE ©]-%-
SA83h 2 A5 MPF FEv E53439] Hus

sto] AbE skl
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5 3043 M ZO| FH|
vy A= A ZACA AFHTE Aol E
15% (viv) A& Ejold A o] E?H DMEM/F12 (lnv1trogen,
Grand Island, NY) ¥i<Fel ol A ©d= (monolayer)°] FA 2
W”PZ] 5-797F itk T3 AEZE 72-96 A7 EF
A o AZF717F GO / Gl GANA F7ISHES
=3ATh B AFo] e 3-8 passaged] HES o]
0‘10}9\33} o] a] FA trypsin AT ZE A E FFAS A
T olE FAY MEZE AME3A T

o}
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A 294 38-42A17F & EAE 0.1% (w/v) hyaluronidase7}
A7t AQdSs midd Wolx REHA I3y FoaH
datel] F2AH o] e dFAES AASAT AdAE A
£ 5 ug/ml cytochalasin B (CB) ¥ 5 ng/ml bis benzimide”}
U FAIEA vl A A 157 7F FAAZ &
L oulgd ] mador A g3 AAMWA 16-17 im)<
183te] A 153 2 F7] 94 A (metaphase chromosome)S
, AABA T o] HAHAA dAE AL £HF R
AlA GaA Y] 93] 2 g8 ARE Felarh gl
D= MEZL A2 g oz &4 Fo3 A
T4 A7A 39TCAA GR etk dA w2 2hg vl gk
=+ Hepes-buffered Tyrode's medium (Bavister 5, 1983)
0.4%(w/v) BSA % 0.6 mM cysteineS 37}t AH-E-319
E}. g3 § A 2FYE AW A 16-17 pm) HH-Z 20-307)
o] AMEE Fog T g3 dxeo] @7 (perivitelline
space)ell 1708 & A E2E FY3HAth 10433 Az7F F9449
GAE FFE X 38 AN F FEMA I =2
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0.001 mM CaCL$%t 0.05 mM MgClL7t F71¥ 028 M
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wad 1o

mannitol & AMEEHOH, A2 XS RE W
222 39T A FYstaict AME ol o] &t
G S FES] fste AddEG F AIFAE
MII71el AsdAs Adsiith Mzl 43S 0.01 mM
CaCL <} 0.05 mM MgC127]- Z3¥ 280 mM mannitol £ o]
Yol [87F HEAIZl F 120 Vieme dF AYJSZE 60 psec
T 23] FAs dAe dA43E FESATh
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7. FEYSE XMe| L Hiote] A2l HiQ¥

A3l T A WA= 7.5 ug/ml CB7F Z e wl oo
A, 250 AAE Hol2] dal= 1.9 mM 6-dimethylaminopurine
3} 0.4 pg/ml demecolcine©] EFHE Hl| kA o] A 447k FoF vl
oM T8 HAE SFth I oy T 9 A E
go]2] wjolg AAg mjgA o G F muldede] =
H 30 pl ALQuieky nAH o7 A 39°C, 5% CO, 5% O,
2 90% N294 717437 stell A 7U7F wl Fatde AA e o] 4
o] ZE 092 Fto] 747 A ui g 293 70
2 ‘;‘ HHHL; PA S AASAT N vjole] Fg NESFE
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8. A
g 1A E A LA S vl Wl 2.5 mM caffeine A7}
[e]

ruz
ot

7F MGCOCs el s1#] date] Ao 9 Al W GSH
gl miAlE dFe AN, AE 2004 = FAbe] @9

WAy 5 ofoke] A9 BT v A= JFE AT 4
A 334 4ol M 2zt A gl W 2.5 mM caffeine 3
7F N71(22-42, 34-42, 38-42/\]1)01] wE MGCOCs ¥
MPCOCs &l A @xte] A2 d< 9 M E Hol2] &l
ote] A& WKFd vX e TS ZARIAL, AFSAME
A 9 A Zu) okl ] caffeine H7F7F 212 WA}e] MPFol| 1] 3]
= Abat At

= 9% =
9. 84 =4
A3 A3} Statistical Analysis System(SAS, version 9.4;
Statistical Analysis System Institute, Cary, NC, USA)= ©|&
3k At A& T d(general linear model)E HAHE A8 A A}
Atk A2 HF7ke] 2] least significant difference (LSD)
test= o]B_-s}oq p<0 05 /‘Zoﬂ;\ﬂ E_zﬂ z‘ﬂ-x% Og]/ﬂ_o_ el 24-5—}
oﬂq. /\164 7:1),]_,_ J:].;Li
SEM)E 3713}

2 ZK(standard error of the mean;

2 1t

1. Caffeine 2|7} MGCOCs2| A 2=
glutathione BF2HOll O|X|= F&

MGCOCs<2] A 98l kol A vjkbol 2.5 mM2] caffeines
H7rele] AL S F7) 38-42A17F FoF vl sl S W P}
o] 3 AsE2 83.6%% ] 87.2% #2124 o]zt
ok W2k W GSH 32 caffeine ] 2]5%(0.90 pixels/oocyte)
F} ) Z4(1.00 pixels/oocyte) AFololl 2] A Q1 xpol= #HzE|
A 2 Skth(Table 1).

HMEZ 4

2. Cafféine A2|7F MGCOCsC| THR|EHM = Hlf &=0] AlX|= Y
MGCOCsE A A% 38-42A) 7k 2.5 mM caffeine >
154

914
Aelste] AP FEF T AW FESHAT

S LT

WA dzpe] w) 28-S ES A3 caffeine A 2ltol A £
E, futE JAE 2 wiikE A Z5E 242t 89.8%, 37.4% 2
4112 FH 8 29 92.0%, 34.2% 2 42.1719 ¥ L3
< o {FeAQl Aol HEEA] U THTable 2).

3. Caffeine X 2| A|Zt0f 2 MGCOCs| |2l = 2 &M Z
dola = Hf e=ss

A QA& wl g Oﬂ .5 mM caffeine S F7}3te] A A
4 57] 22-42, 34-42, 2 38-42A17F < MGCOCs S vl % 8}21
ot} A Al 7] 20417F 2t caffeineS @3 £ & X
E2 82.0%E ETY 89.8%9 8AIZF & 4417+ A HLEI
89.8%, 93.2%01 H]3l §-2] & 2 Z(P<0.05) Stk AAE o]
2 T AEZFFES 4N HRFO] Fol 66.4%E HET
77.3%90 B8] F& 20 2(P<0.05) ¥ A#E Bk 1HY
B wulx IAE 2 vt M 5ol i A= caffeine

LR
Aol o7k o2l aA7E HFHA FkTHTable 3).

_‘N_, 0_>L _pJ rl

4. Caffeine 2|7k MPCOCs2| A|2|4= T M A ZE 0|4 =
Hi =0 njXls &

MPCOCs®] A4S flste] A Ads $7] 22442, 34-42,
2 38-42A]7F0l] 2.5 mM caffeine®] 718 wjFd oz U=
i ket Atk A L]d < 22-42A17F F3L caffeine &= X 2] §F
ZH76.4%) = HHETH(88.6%) R 4-8A17F 2 X](84.4-92.6%)
Hlg] frejHom e 3 JaES Bk o4 F o) 35
T AR A3 ARl s F7) 4A17F F3L caffeine A 2]+
(43.4%)°] HZT(30.1%), 22A17H22.2%) Z 8AIZF A 2] 7ol

vE] 2130 2(P<0.05) =< vt HSES Ry X

S8, 285 2 vvtE AN E50 = caffeine H7Hol ©E &
o122l zpo] 7k A A ehkth(Table 4).

5. H| 2] ZsHY O LY caffeine & 7H7F A 214d<s HXFS| MPF
o ojx= g
A% FAZoNA caffeine A 2|7t 2 Ul MPF 240l
A= Gas AESAT A s £7] 38-424] 7k A}
£ 2.5 mM caffeine® = A PES wj MGCOCs 3 =1
2}l MPF @42 1943 + 7.7 pgmlE FA 2 Z22] 1604

09

Table 1. Effect of caffeine treatment during the late stage (38-42 h) of in vitro maturation on oocyte maturation and intra-oocyte glutathione

(GSH) content of morphologically good oocytes (MGCOCs)

Caffeine (2.5 mM
Grade of oocytes affeine (2.5 mM)

% of oocytes that

No. of oocytes examined Relative level (pixels/oocyte)

treatment reached metaphase II for GSH of GSH content
No 872 + 2.6 34 1.00 + 0.08
MGCOCs
Yes 83.6 £ 23 34 0.90 + 0.08

Five replicates.
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Table 2. Effect of caffeine treatment during the late stage (38-42 h) of in vitro maturation on embryonic development after parthenogenesis
of morphologically good oocytes (MGCOCs)

Grade of Caffeine (2.5 mM) No. of embryos % of embryos developed to No. of cells in
oocytes treatment cultured > 2-cells Blastocyst blastocyst
No 146 92.0 = 1.1 342 +£ 23 421 £ 2.6
MGCOCs
Yes 136 89.8 + 2.6 374 +£ 8.2 41.1 £ 2.3

Five replicates.

Table 3. Effects of caffeine treatment during various stage of in vitro maturation medium on oocyte maturation and development after
somatic cell nuclear transfer of morphologically good oocytes (MGCOCs)

Grade of  Caffeine % of oocytes that % of fused No. of SCNT % of embryos developed to  No. of cells in

oocytes treatment reached MII oocytes oocytes cultured > 2-cell Blastocyst blastocyst
No 89.8 + 2.3° 773 + 3.6° 121 81.8 £ 2.1 240 + 3.7 379 £ 2.8
22-42h 82.0 + 2.3° 728 + 47" 94 76.5 + 2.8 19.8 = 6.3 453 + 4.0

MGCOCs . b
34-42h 89.8 + 2.6 702 £ 2.5 96 859 £ 3.7 308 £ 5.6 41.1 + 3.5
38-42h 932 + 1.4° 66.4 + 2.5° 100 87.0 £ 4.7 20.6 + 6.8 46.8 + 3.9

Four replicates.
® Values in the same column with different superscript letters are different (P<0.05).

Table 4. Effects of caffeine treatment during various stage of in vitro maturation medium on oocyte maturation and development after
somatic cell nuclear transfer of morphologically poor oocytes (MPCOCs)

Grade of Caffeine treatment % of oocytes that Fusion rate No. of SCNT % of embryos developed to No. of cells in

oocytes during IVM reached MII (%) oocytes cultured > 2-cell Blastocyst blastocyst
MGCOCs No 948 + 1.0° 68.9 = 4.8 131 86.1 £ 3.9 368 +3.7° 433 + 28
No 88.6 = 3.0° 669 + 4.6 123 787 + 83  30.1 + 42™ 425 + 29
22-42h 76.4 £ 3.9° 70.2 + 6.4 109 81.7 £ 6.1 222 + 33° 42.1 £ 3.5

MPCOCs be be
34-42h 84.4 £ 4.0 74.8 £ 5.6 113 88.0 £ 23 262 + 4.6 38.7 £ 2.5
38-42h 92.6 + 1.9° 71.7 + 6.7 130 80.7 £ 2.8 43.4 + 4.0° 435+ 28

Five replicates.

abc

Values in the same column with different superscript letters are different (P<0.05).

Table 5. Effect of caffeine treatment during 38-42 h of in vitro maturation on maturation promoting factor activity in morphologically good
(MGCOCs) and poor oocytes (MPCOCs)

Grade of oocytes  Caffeine treatment during 38-42 h of IVM Time of MPF assay after [IVM MPF activity (pg/ml)

- 38 h 210.6 = 16.0°

MGCOCs No 42 h 160.4 + 7.7°

Yes 42 h 1943 + 31.9°

- 38 h 161.3 = 15.8%

MPCOCs No 42 h 133.9 + 24.2°

Yes 42 h 204.8 £ 21.1°

® Values in the same column with different superscript letters are different (P<0.05).

+ 7.7 pg/ml3 FolA1 ztel7t itk 18y MPCOCs 9] 133.9 + 24.2 pg/mlol| H]3 caffeine 22|l ]3] 2%

g s dxe] MPF 42 204.8 + 21.1 pg/mlZ th= © 2(P<0.05) Z7}331tH(Table 5).
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AAZ dold] 7)E2 QA fFET o] P, A
7], AsRdsed 22 gAAGTEs kel ot &
& o R FEHY Ytk I E BFEL we 54
g&7dol & TAMCE gololth HA] A el o] &
&= w7l s e vl XEE Adsda SEoF s
A Holof gt HA €] B AAE ol el o] &= = At
= e E5E s daR

FH AHE nds

|4 v Fste] AJakatar glvk Zrevt A ejeA A
A A& Eo] el Yol

QoA &= ACE HYEY vk
(Blanco 5, 2011). wEbA S1FM 47142 E82 AT
7] S1aME AFA LY dAE v R fe AEE A

H]Esﬂ /\g%/g r= H]—A(H}—S—O]

o)ds iR Ao #Hek Ark ot

AZ F715 2438k AARI MPF& dAke] ARG S =
daks T2 84 T ShEAM Cde2(CDKICIZHAE ¢
¢} cyclin B19] BA2 7= o] ArhLabbe &, 1989). F2t
o] i FAolA FA W MPF 2742 <Al o whet

7 EE 7:}5\_3}% NS Holw, Az HellA A==
2% MPF7F S& 50 d4F F=7 =W b =&
gt 2 AFelA SEe ANH R ¢RI MPF 45 =
o 7] flsf Al el il Well 2.5 mM] caffeine= 71
ste] A L&l o] &ttt 71E 04?' Ao A 2L ulf gl
o A7HH = caffeine F=9] 3] 9= 2.5-50 mM 2 B
o] 9lti(Kawahara 5, 2005; Kren &, 2004; Abeydeera 5,
1997). AN E 5 mM Fhedo] AAHE o] A Oﬂf‘i
AN A5 & £E £58 427 B398 Bolon, =

shdatel caffeines FUFAS A5 3 BEIH S FZ A
AtE B 1% lthIwamoto 5 2005). Rk ofg} 7} 2lo]
AEZ FAA 9 3L 355t wshd A dAtel A i
AE FAE F ek 2AEATHMiao 5, 2009). & Al
A dRe A LS HA ol A caffeine A 2] Al7Fe] dAAd
Sofl WX el tisl AT 1 A Aeds 7
22A17F 53t caffeine A El& F-A2 B 4A17F A 2]ol B3l
fFrojHoz e JeES HAth 7|E A3 W= caffeine
S dxe] A& A cyclic adenosine monophosphate
(cAMP) & AR A S7HAIZA 2™ cde2 kinase )
MAP kinase 435 AAAZAYZ HIHUHKren 5,
2004; Bernal-Ulloa 5, 2016). ¥ 15 Ao A& 22417k 53t
9] caffeine A2 919k 22 o]HE Q& PAe] &) Y=ES
AaAZ AeE FH & & Ak Ty AdAds $71 4
AIZE FRte] caffeine A 2le WA A5 A flo] AAXE

o4 F Z7he MUE WLES HATE T o fE TIRE

o WAt Al1FA 7 HEE AlA] A& 38A17F o] Tl
caffeine®. & 2] TOEA] 3] AJ<zo] TS F2] O HA]
[e]

MPF &5 S7HASEZN AME Hol2 & v TFHES 74
Ast ACE Atk gk £ AFoA AQ)ds F7] 447k
St Al A 79l H7F E9E A= A3 MGCOCs
2 Aol g2l MPCOCs el dAtol A= caffeine®] 717t
AAE Hol 2 o] wiwtx WIES F7/MT]E R X
AP AT ol QA e mEWH AAGES] AJAo] 31 H
A dAE GEAAGT 3 2s, AsEdA SRS 4
cde2¢} cyclin Bl Tl g o] BF kS o] zjopnt Gt sro]
Ag 4 vty B 750 thKanatsu-Shinohara 5 2000; Fulka
E,1986). 1Y GAGERRE 358 U} 32 njygs
MAZEE AR F2be] A A s e FA 5ol
&3 FrHA etk I YASZE ede2Y cyclin Bl &
“—‘]’“9] ol EFE AV F2 F @ e ’E}iﬁ%"]
23] o] HAA 7] Wil ACE VE AFENA B
i %lE‘r(Kanatsu-Shmohara M, 2000; Mitra 5, 1996). +tl
O 2 cde2 Y Cyclin Bl @& &) o] BF#3g MPCOCs
Frel d2be] 79 caffeine 2 2lol] &gk A2 MPF &4
S7F7F MGCOCsell Hlal o &34 02 yetyted o310
MPCOCs 2l datol A o] F uj W&Fo] FoFo =
o

-

AAE dAd A= At AAZ Aods F7] 424
el 543 4 Alxd W MPF 84S 43 23
MGCOCs ol A+ caffeine?] #gjo] wE MPF &4l §2
Aol WaE A F UYL MPCOCs Frefl FAo A=

ooz MPF7F S7hshs e #H9E 5 Atk

& e

2 AFelxes Aolds Mg Wl caffeine H7H7F A o
Ape] At w8 AM A So] F ol ol mX=
VTS ARG FAER 5 A E PR R Fe et
E4o] wgl MGCOCs$t MPCOCsZ 8% 1|45t
7bzh R 2] FH(Z2) 7 2.5 mM caffeine] H7HR vl
14 2 el 22-42(20A17F), 34-42(8A171), 38-42(4417H
et A gate L#E o] AledsE FEsklnh £
TR B AA E o] Aol Frofste] wl
e 5 79 FE A gEtel Aeds Ft
caffeine A1 2]7} 25, vivtE JAE B wiwtz o] Al 20
A E QS AT AT A BEE B ke Al
FE caffeine®] He] A7kl wheh o2l G WA ekok
ok L2y MPCOCs frefl kol A A 23 §7] 44
uj Rk A

2t F
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o

Hom 27N of AT caffeine A2 7F A2 4% 5
Sk \HALe] MPF 4%9) tag AP ZA AME 99
gEgeolyt Fxz e gol Y-S mA Ho]4 ujoke] B
.
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