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Obese heifers produce fewer excellent grade embryos than lean and normal heifers due to
unknown mechanisms. In order to clarify mechanisms, this thesis focused 2 important
proteins granulocyte macrophage colony-stimulating factor (GMCSF) and macrophage
migration inhibitory factor (MIF) in bovine oviducts, because these recent discovered proteins
have functions as promoter of fertilization and embryogenesis and as chemokine. Both
GMCSF and MIF promotes glucose transport by murine preimplantation embryos. Although
glucose is an important energy source for preimplantation embryos, the presence of excess
glucose is detrimental for the embryos during the early cleavage stages. Therefore, if the
energy source is in excess in the maternal body, GMCSF or MIF expression in the oviduct
may be downregulated to protect the embryo.

In Study 1, I hypothesized that GMCSF expression may be downregulated in the oviducts
of obese cows compared to oviducts of normal cows. I collected ampullary or isthmic section
of oviducts from lean [n = 5; body condition score (BCS) on a 5-point scale, 2.5], normal (n =
6; BCS, 3.0), and obese (n = 5; BCS, 4.0) Japanese Black cows and confirmed the expression
of GMCSF mRNA and protein by real-time PCR, western blotting, and
immunohistochemistry. I found that GMCSF mRNA and protein expression in the ampulla
were lower (P < 0.05) in the obese group than in the normal group. Both mRNA and protein
expression of GMCSF did not differ significantly in the isthmus among the 3 groups. Also,
the obese group showed weaker GMCSF immunoreactivities in the tunica mucosa of the
ampulla than the normal and lean groups. Therefore, GMCSF may be a key molecular link
between maternal nutritional status and early embryogenesis in the oviduct.

Oviduct may have another molecular link, because genetically GMCSF deficient female
mice produce normal size litter. MIF may be such a molecule as promoter for sperm, ovum,
and early embryos in bovine oviducts according to the maternal nutritional condition.
Therefore, in Study 2, I evaluated whether MIF expression level downregulated in the
oviducts of obese cows as compared to lean and normal cows. MIF mRNA and protein in
ampullae or isthmuses were measured by real-time PCR or western blot. I found that MIF
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mRNA and protein expression were lower in both ampulla and isthmus parts of oviducts in
the obese and lean groups than in the normal group (P < 0.05). Also, immunohistochemistry
revealed that the obese and lean groups had weaker MIF immunoreactivity in the tunica
mucosa than the normal group. Therefore, MIF may be another key molecular link between
maternal nutritional status and early embryogenesis in the oviduct.

In order to estimate importance of GMCSF or MIF in oviducts for early embryogenesis
further, I evaluated a hypothesis that expression of GMCSF and MIF in oviducts are increased
during post-ovulation phase when fertilized ovum are present in oviducts in Studies 3 and 4. [
conducted a study to evaluate the GMCSF and MIF expression level during estrus (Day 0, n =
5), post-ovulation (Day 3, n = 6), and luteal (Days 9 to 12, n = 5) phases. The mRNA and
protein expression of GMCSF or MIF in the ampullar and isthmic samples were measured by
real-time PCR and western blot, respectively. GMCSF mRNA and protein expression levels
were higher during estrus and post-ovulation phases than the luteal phase (p < 0.05). MIF
mRNA and protein expression were higher in the post-ovulation phase than during the estrus
and luteal phase (P < 0.05). Fluorescent immunohistochemistry confirmed that both GMCSF
or MIF mainly expressed in the tunica mucosa during all the evaluated phases,. Therefore, the
results of Studies 3 and 4 suggested the importance of GMCSF or MIF in oviducts for early
embryogenesis also in vivo.

Higher blood insulin concentration was observed in the obese heifers produced fewer
excellent-grade embryos than those observed in lean and normal heifers. Insulin control
GMCSF and MIF expression in myocytes and adipocytes. Therefore, in Studies 5 and 6, |
conducted a study to evaluate whether insulin control GMCSF or MIF expression in bovine
oviduct epithelial cells (BOECSs) in in vitro. In first, I confirmed expression of insulin receptor
in the tunica munosa by fluorescent immunohistochemistry. In next, [ prepared epithelial
cells of the tunica mucosa of ampullar and isthmic sections from Japanese Black heifers. Then,
I cultured BOECs. I confirmed expression of insulin receptor in the cultured BOECs. Then,
I added insulin as final concentration of 0, 1, 20, or 5000 ng/mL in order to culture for 24
hours. Both mRNA and protein expression of GMCSF and MIF were measured by real-time
PCR and western blot, respectively. Both mRNA and protein expression of GMCSF were
higher in ampulla or isthmus BOECs treated with 20 ng/ml insulin than BOECs treated with 0,
1, or 5000 ng/ml (P < 0.05). Both mRNA and protein expression of MIF were higher in
ampulla or isthmus BOECs treated with 20 ng/ml than BOECs treated with 0, and 5000 ng/ml
(P < 0.05). Therefore, middle level insulin stimulate both GMCSF and MIF expression in
oviducts whereas low and high level of insulin can stimulate only weakly, suggesting this may
be the central mechanism to control both GMCSF and MIF expression in oviducts in vivo.

In conclusion, GMCSF and MIF expression is increased in bovine oviducts during the
post-ovulation phase when embryo presents in oviduct, but GMCSF and MIF expression is
suppressed in the obese cows compared to the normal or lean cows probably because of

hyperinsulinemia.
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Effects of nutritional condition or estrous cycle on GMCSY and MIF

5 g expression in bovine oviducts
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MEHE O AR, EF-CHEREORRESL O REZHIPEESEANEN
(Kadokawa et al. 2008). UMLEREAANZZALIIHREHTH S, GMCSF (Granulocyte
macrophage colony-stimulating factor} & MIF (macrophage migration inhibitory
facton) IZhd, ZIHCWUHIROREITH T 2 EEER M H S TREENH SN TE
e TITHRBMRIEL., D2WECBITSINS0S o NRZITDNTRNE.

BT, REHREEREICI D T L IEORIEAT GMCSE = MIF 2RI 55U TH S
ZEEHEMIL R, FORKIT, BGFOE To MCSF #HRET, FEELOIRETO
GMCSF I LD HETLTWEEWDRFMERIEL /2, HIE (n=5). iIE¥ (n=6).
B (0 = 5) ORFBREENS, WERKISIERKEZREER 3 BITERL, VY
NWFEALPRBETIALZ 7Oy MEERWT., GMCSF @ nRNA & N7 DR
BOEZIE L, TOMERE. IEEOIER KERTO GMCSF BIREIE, EH4FTOH
HEEHELUTET LT (PL0.05), E-0IEE K OREE O GMCSF IR &I,
RS TIRERACHBES TORRRI D BERITE T L TWe, Liahio TIRERIE
JEIZ 315 GMCSF 13 HA D SRR NS T B Al Rek R I Nz,

7 2 BRE T, GMCSF EASMZ HRHE D HIRRICHENWERBAIE(LT 5, IRFEA{EtE
WENEETSWEEND D, T2 TRMHEOIE TOMIF #REL, ERFTORE
BLOBETLTWAEWSEHERELE. I (m=5. E% =6. B =
) OREBAFENS., PERANLIFENHZHEE 3 HIZHRIL. MIF @ nRNA =%
RN OFEBEOERLBE LUz, 2O, B4 SHESOBRE MBIz BIT5
MIF RIREIT, EWFTORBBEEBELTETL T P C0.05). IHEICRTS
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MIF SR ERA TIAAEIRFE TH DA% KIEEIC B2 MIF BEEIE, B CHEE T
EFHEFLODBETL Tz, ULizdioT, IPEREEEICHT S MIF 3840 FEREIZ
ENELT S, HOIVEDDT NI TH DU REENTR I N,

RIZHREICHBIT S GMCSF  MIF ORFEFEEICE > TOEER 2RI H420IC. I+
WIRRIZWARHITH S REH (n=0). WHIENIVEIZWDEHTH 5800 G
HH3H ;01 =6). ERFECBHLEZOBETHL2HEEM (b = 5) TBIT5HE
e UZ, TOME, MCSF ORBEIE, RECHIEINE, BEMiciiil
THEIL TW/ (P < 0.05). —7F. MIF OREREIZ. PRSI, RBEH0MEH
Wb L T#EmL T (P C0.08), FEEVWTNORIZBWNTS., GMCSF & MIF @
FERERA ISR ThH o7z, LA T GMCSF & MIF @, #IIEFEEICE > TOEHE
AL KD —ERBE NIz,

BHEZBMEESRIMMET L TWAERORBESRIE. &1 22U VIETHS
(Kadokawa et al. 2008). -7 > A0 243, Hilic k55N a—ZAW0AARZHFET
HYEH Oz, R4 ML OMBEZRGTA2RTTLHD. 70— ARWHIEIC
EDTOEBEIFIVF—ETIRS DA, Bili/s 7)) 21— X BEVIER il 7)) 21— A
R E i U TIEEITES . VIO —AMEREWERREEZ TS, S 5ITIRER,
BRIz BT 5 GMCSF & MIF 1. #0007/ )N a—ADOEEERERE L TWAT]
ek E A bND, FIT, A4 AU ISEE D GMCSF = MIF ORBBEEME L TH
B EWDEEEMREE Uz, B, IFERR S BN ORREN T > A ) O REURE T
BLTWD Z E2BYeRBRABEIZL DB SN Uz, KITD - IE KRN % 5538
Uy 1 22AU RN GRIEEYZ 0, 1. 200 F7-13 5000 ng/mL) 1245 GMCSF <= MIF
DOFBEE Tz, 1 AU 5N 24 BB O, GMCSF <> MIF ORI it 2 i~ 7z i
20 ng/ml A 2R O THER L 7 DREREEHIIE T, MREE T > A T L 7= [FIRE
fadk D% GMCSF < MIF OFEHR AL -7 P 0. 05) o LAt T, -1 2221 2k GMCSF
P MF ORBREZFHL THS T ENHALSMNIE -,

DLEDORENS, IBRiSTHINL ZZmP A 20 243, BREEICE > TEERIVET
@ GMCSF % MIF ORBREZMEIT 272D REZRINEEIRIVENEND A X
LWEZ SN,
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