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Regulation of Preimplantation Development of Mouse Embryos by Insulin

and Tumor Necrosis Factor alpha

Myung Chan GyeT, Hyun Joo Han and Jin Kook Choi
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ABSTRACT : Present study was aimed to verify the role of insulin and TNF- ¢ in development of preimplantation embryos. Mouse
morula were cultured for 40 hr in the presence or absence of insulin(400 ng/ml) and TNF- o (50 ng/ml). The morphological development,
cell number of blastomeres per blastocyst, and mitogen activated protein kinase(MAPK) activity were examined. The developmental rate
and cell number per embryo were the highest in insulin treatment group and the lowest in TNF- ¢ treatment group. There was no
significant difference in developmental rate between control and insulin plus TNF- ¢ group. Taken together, it suggested that TNF- ¢
impaired embryonic development and that insulin rescued developmental impairment imposed by TNF- ¢ . In blastocysts, insulin treatment
significantly increased MAPK activity. TNF- ¢ decreased the MAPK activity in a concentration-dependent manner. In the TNF- ¢ (50
ng/ml) -primed embryos, activation of MAPK by insulin was attenuated. In conclusion, these results suggest that there was a cross talk
between insulin and TNF- ¢ by means of activation of MAPK in preimplantation embryos and that insulin might rescue damage of

embryos exposed to TNF-¢.
Key words : Insulin, TNF- ¢, Blastocyst, MAPK.
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K-pump &4 ¢} 27} 5 thkd Ag4 24234 vepd
(Moule et al., 1995; Azipazu et al., 1996; Hurel et al., 1996;
Pantaleon & Kaye, 1996; Yenush & White, 1997). ¢l 212 A
B34 23 ded FEAE T A EA g A
FoX I AR FREAT FEA AEE JEeE e
g 484 7]4-I(insulin receptor substrate-1, IRS-1)3} phos-
phatidylinositol 3'-kinase(PI3K) - protein kinase B(PKB) - mam-
malian target of rapamycin(mTOR)S A thfl AW ool 77
&&= Rsk(ribosomal S6 kinase)Z 4157} A H tHYenush &
White, 1997). 3+A insulin +-2A] 3} 2] RAS - RAF - MAPK
cascade®] E4JshE Tt AR a5 2 Axe Bt =
Ao Hod3ThHYenush & White, 1997).

TNF- ¢+ monocytes, macrophages, lymphocytesoll A -4 &
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o2 == cytokine© Z(Fiers, 1991; Heller & Kronke,
1994) apoptosisE =3+ (Thompson, 1995) H] ™ & Z 2 o] A
£ Oe 404 L ZET TNF-¢9) A% B §
28 9] 484, TNFRI(55kDa) 7 TNFR2(75kDa)ll 3] a+3)
% +=dl(Heller & Kronke, 1994) TNF- a7} 23l cytotoxic
ZH-8-& TNFRI19Y| 93} v} 7] ¥l i Tartaglia et al., 19932, 1993b).
o] T F8A19 extracellular ligand-binding domaintj A&
71X o] EA3k cytoplasm F-9jol = AP A Ho] glok. &
< 79 AEAA TNFRIZ TNFR27} 7o) @ gz qt
(Goodwin et al.,, 1991) o]&] 3 722 x}o]= TNF-¢9] t}ok
3 APEA a38 Ay stHLewis et al, 1991; Tartaglia et
al,, 1991).

s AH %7 woldlA] MY S(Gardner & Kaye,
1991), DNA, RNA, ©@3 234 (Heyner et al., 1989; Rao et al,,
1990; Rappolee et al., 1992; Schultz et al., 1993; Yenush &
White, 1997y B 914F8KGye et al., 200005 Z7}A]1719, apo-
ptosisE AAg= A E B EITHRao et al., 1990; Wu et
al., 1996; Morales et al., 1997; Herrler et al., 1998; Moley et al.,
1998; Nah & Gye, 2000). ¥FH, TNF- o= A4 A4 =2he] A
HE Z2A3} = cytokine5 9] )= (Hunt et al,, 1996) =3
I AZol| A ko] &) sheiSanford & Word, 1992; Hunt et
al., 1993). TNF- ¢ receptor 1(TNFR1)o] AFAdujo 4 @& 5o,
inner cell mass®] ME F& ZAA7E ASE BIHJTG
(Lachapelle et al., 1993; Pampfer et al., 1994; Sharkey et al.,
1995). ol go] FaH 3 22 Wy 248 A B4 2%
W TNF-¢ 559 F7t= 3 giHrdlA 27] wjofp &
Az AddE Aeg F=53 9 rhEisermann et al., 1988;
Pampfer et al., 1995a). Maternal diabetic ratsol| 4] Q&2 x| &
L} TNFRI19)| th3} antisence oligodeoxyribonucleotides 3] &
TNF-9] £ 85 24 4 27] vjoe] H4S
Al Z1tHDe Hertogh et al., 1992; Pampfer et al., 1995b). 121}
JAB‘OI TNF- o] &% 2733 wjobe] A3} A2 ‘3—7":
2 249 7bsAs B89 0|5 NEAY Azd 3
1’]5‘]% A8 MAPK 8448 mA&= @3 ‘”?ﬂxlxl %
ket

TNF-qv= <5429 vTE AZo)A IRS-10] w73t
PI3-kinase 9} MAPK ¢ B/4J3tE £ZA7)& et AE7=2
£ Al A2 ¢4 tHFeinstein et al., 1993; Hotami-
sligil et al., 1994). A2 7] wjell A Q& AS7 AL
= A Z4) PI3-kinase 3} MAPK7} &A1 8t5H o] AE = insu-
ling] o} M E 9 Ag_%;]. @EH l:ﬂ-/lg chual 2 %1-}\-] ZA g5
o A7L o]2= B2 2 599 0 LKGye et al, 2000; Nah

=R

EEERR

& Gye, 2000), Yukx o2 o]g} wt

a7} Z71uj ool A insulinel] &g Al
=AE 49AA g B °4-_er_ AF z71wjolE e
Z insulinZ} TNF- ool 2|5 o} dA2E 24& AL
2 #4817, 53 4 99 A% Y A4S
o] Z7HHE TNF-qoll 8] wlo} wAle] £48 Rolghe
AFZAH7F A EW ANodD FEAA el ¢ AEA

25 gelstya 4tk

il

<,

b
>

x2
o

ME 3

1.4
A543 5 E(Osan, Korea)ol| A} ZF1H2 ICR strain®] <F
A AR 679 2 3 AR 2FEL g

2. Hjote] & I WY

47 AFH B o) SIUS| pregnant mare's serum gonado-
tropin(PMSG)(Sigma, St. USA)E& FA}38+ & 48h ©] 5o human
chorionic gonadotropin(hCG)(Sigma, St, USA) 5IUE FA}3}d
FFE 3 T ZuAHY Y 24 copulation plug
WAL SHOT BAF T HCG FAL F Bhol £ A

T2 HESth WA S AFst JAE FH st HIF
(human tubal fluid) ®] %FH(0.4 % insulin-free BSA)oll A 404]
7 gor W 3lH A insulin(400ng/ml), TNF- a(50ng/ml)S o

= e 53 Astdrh MAPK 8Awsls 23817 94
M ZHE 85 ]ﬂé}cﬁt} 10 2 100 ng/ml F%¢
TNF- o5 Aglste] 103 wf¥st & MAPK 4ustE 34
392 insuling B33 23 790+ 50 ng/ml X9 TNF-

a8 A F 60 ¥ F insuling A3

3 48 Y HE £ &3

7+ 92NN posthCG 119he] A, Eujss, 23,
E sty wjolE Age & Tu) 2 Be5o e wiorE 3
3] 0.8% sodium citrateol] 5E7F A A7 & Cannoy's &
l(acetic acid:ethanol = 1:3)0.2 7 A3 T AL Ax3s}
o ¥ES A3}t Phosphate buffered saline(PBS)oll 1 £
7} A X8k % Hoechst 33258 £¥(1 ug/ml in PBS)2. & 30%
ZF FA%E & PBSE M A8 3 wet mountE A 23S ). Epi-
fluorescence microscope(Olympus BX50)3 ol A #aHs} 2 ALA
NE&¢ & YxFE AFAT 2AE 2 7Y 2F
< 98 33 599 H¥E APty TAAEL Chi square

test2, X8 F g7 = Student's r-test® FA 3T
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4. Immunoprecipitation 3 MAPK &4 =3

Insulin(400 ng/ml) B TNF- (10, 50, 100 ng/ml)E 2] 8k
% djo}lE HTF(1% PVP)E Al2& & 10ul assay dilution
buffer(ADB, 20 mM MOPS pH 7.2, 25mM S-glycerophosphate,
5mM EGTA, 1mM Na-orthovanadate, ImM DTT)ol] £} 3}
t}. Protein A-agarose bead(Santacruz, CA, USA) slurry 30 pl|
| ug Exk1/72 3}A)(Upstate, NY, USA)YE A7}kl 4Coll A 14]
7+ F9oF Aghnfekat & buffer ASOmM Tris, pH 7.5, ImM
EDTA, ImM EGTA, 0.5mM sodium ortho-vanadate, 0.1% 2
-mercaptoethanal, 1% Triton X-100, 50mM sodium fluoride, 5
mM sodium pyrophosphate, 10mM sodium S-glycerophosphate,
and 0.1% complete TM)Z 23] A &35t} wjo}3E 50 &
ghoted 4CAA 2417 F< A gu) &3t 5 buffer AZ 23] 4]
239,

Immune complex-protein A-agarose beado] ADBE ¥ 3 33]
A28 F, 14000 rpm, 4CollA 1587 AR stich A
&g immunocomplex®] FEH-& A A% F, ADB,
MAPK substrate cocktail(2 mg/ml myelin basic protein in ADB),
protein kinase inhibitor cocktail(Upstate, NY, USA), Mg-ATP
cocktail(75 mM magnesium chloride} 500 ¢M ATP in ADB)
3} [r-"P}-ATP(specific activity 5 1Ci/mol, Amersham, USA)E
B7hshed 30CoIA 2087 W3R F Aol ARG WS
& £743% % phosphocellulose paperd] ARGt 1%
phosphoric acidol| 4] 33], ethanolE 23] M| A8t & AZA 7|

PC paper %}¢] HFALA 2E-8 scintillation counterE o) &8t &
A&ttt Kinase 842 712 A7k - 712 v|@ 7k v

Apd g ALdstgich

4 1

1. Mg

23l & ujkste] post hCG 119 hel] Tujg o] WAy g
insulin, ] 2<%, TNF- ¢ plus insulin, TNF-¢ # @29 o2
vepsit, 38 AaiFol Ay FalE ujobe] v £ TNF-
e AZFAA A ¥A vebdth €39 vlote] vge
insulin A 2]Fo] th& FE) v& 7F @A vehgon,
TNF-o Aol AY EchFig 1).

2. EH G ME
A Z wf oFate] post hCG 119 holl Zuj 2 w433k uj o}
T AE e AL v PHOR insulin, EZ,

TNF-¢ plus insuliny, TNF-¢ 229 o2 vehyton,
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Fig. 1. Development of mouse embryos in the presence or absence
of insulin and/or TNF- a. Morula collected from uterus post hCG 83
h were incubated in the presence or absence of insulin{400 ng/ml)
and/or TNF ¢ (50 ng/ml) for 36 h. M, morula; B, blastocysts; H,
hatched; D, degenerated. C, control; I, insulin, T, TNF- ¢; T+, TNF-
@ plus insulin. Data are from 3 independent trials.

insulin A 2|-9 7-¢ o F3 v 2ste 95 2ottt
(Fig. 2).
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Fig. 2. Changes in number of cells per blastocyst in the presence
or absence of insulin and/or TNF- ¢ (50 ng/ml). Morula collected
from uterus post hCG 83 h were incubated in the presence or absence
of insulin(400 ng/mi) and/or TNF @ (50 ng/ml) for 36 h. At the end
of culture, embryos which developed blastocoel or hatched thier zona
pellucida were sujected to cell counting. C, control; I, insulin; T, TNF-
a; T+, TNF-@ plus insulin. At least more than 10 embryos per
group were analyzed. *, significantly different from control by Stu-
dent's #-test, p<0.05.

3. TNF-o0ff 28t MAPK &M
TNF- o= A28t F5(10, 100 ng/mi)o] QJEH o7 u)
o] MAPKEA S $-98HA] 7444 Z thFig. 3).

4. InsulinZ} TNF- o 0ff 2/§F MAPK &5}
Insulin @522 A] A7 & 108 76] MAPK 24 0] 20%
Z71atd ok TNF- (50 ng/m)E 6057+ Al 3 Fujol
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Fig. 3. Changes in MAPK activity of blastocysts by TNF-q.
Blastocysts were treated with TNF- ¢ (0, 10, 100 ng/ml) for 10 min.
Following the lysis of whole embryo, RIPA lysates of embryos was
subjected to immunoprecipaitation by the MAPK(Erk1/2) antibody and
in vitro phosphorylation kinase assay. Results represent the means +
SD of 3 independent trials. *, significantly different from control by
Student's #-test(p<0.05).
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Fig. 4. Effect of insulin on the MAPK activity of TNF- ¢ primed
the mouse embryos. Blastocysts were collected and pre-treated with
TNE- ¢ (50 ng/ml) for 1h and subjected to insulin(400 ng/ml) treatment
for 10min. Results represent the means+SD of 3 independent
experiments. C, control; I, insulin, T, TNF-o; T+, TNF-a plus
insulin. 1, significantly different from control; 2, significantly different
from insulin group; 3, significantly different from T+ group by
Student's #-test(p<0.05).

insulin® 23 £ 105 MAPK &AL =+ 2 insulin
wEA ol v FoatA BRey INF-¢ $5H g9
MAPK 24 HTh= £ 5171(P<0.05) =THFig. 4).
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Aol A B3 Al insuling A3 F LAL F
g A vjote] e 2 I AL w7 SIS
vl ole A8 A7+ AAE3} LA FTHGye et al, 2000). ¥HH
TNF-o A A e FAsA AL 2u) 7 Al

3l

=
e

ERE ECERE

¥ 5E gad900 498 G018 Holn) ol ARAT

A TNF- ool oJ3) Zaje] MES7} 743

olF AT F FeHOE ¥ujo] X &
e WYLE AX FE A 2l
o 53] Fig. 11X E3td wjote] Bl&-E insulin 2]
a2 2 v& 7 @A vetoH, TNF- o A g ol A
19 =4 Ueht INF- g7} wiol &M 29 APE S /2
U= A#HE Elstdnt. @9 insuling FAl] AYE A
TNF-qol| &3 viole] et A a7t S5ES &
Stk webr Hejd B 7|E 22 TNF- ool 93 vjo
A Ag) &t insulind]] sl 43tE 4 JloH o] Pk
A4 208}l A TNF- ool &8 v o} W) o] A3 24-§-0} insu-
lin Ao oja) FED 5L AN

ok ) MAPK 4€ insulin #2124 BAIZ0lo] Z7}a}
of 4% A7 AHET A PTHNah & Gye, 2000). ¥,
INF-o A24 5Ed 9EH02 Z2ast. 44 27
oh= M A7) ol FHE TNFRIS RS 584 o)
CEREEEEE BRIV SESREEEEPCE
EA) S, TNF- o] 918 WlobdE e o) % Abg
o 7)o 2 Wohy MAPK 249 A7tst 2o Befe 7
S4E IEIET INF-¢ AR Wote] insuling A2
& 7% MAPK BA4L insulin BEA2)2o] 1)) 9514
SIA T TNF-¢ ©=A 2ol Hsl fo3atA 3kt ol
3 Ao A AA, wjoto] Zgste FEH} APE AT Aol
o #3o] wjol g T3 A% Q1o et A
3 &7, TNF-¢-TNFRI A5dg 2 insulin - insulin
receptor A1 &AL ot HZ Abolo] MAPK &4z &
o3t cross talko] EA st A2 ALEHER. o]F] o]¢ &
AbgE A7k ol oj ol e thokdt Ml EFoM EIFH
(Feinstein et al.,, 1993; Hotamisligil et al., 1994). w}e}A] A,
afofoll 4| MAPK /] 2"l dofste insulind} TNF A5
2 Abol9] cross talk AE3A R HEE BF5YE AX
A ot 121} insulin} TNF- g0l &3 wfol A 22534
7t MAPK o] 9]o] ujo} g Bl At 23529} ddd o
¥ &7 (effector) FEANM A GA F2ALEAE
7bA el A7t g sit
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