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仁orpusluteum in the仁ow

Koumei SHIRASUNA')， Kiemi SASAHARA')， Motozumi MATSUJ2)， Takashi SHIMIZU') and 

Akio MIYAMOTO') 

1) Graduate Schoo/ of Animal and Food Hygiene and 2) Department of Clinically ¥血terinaryScience5~ Obihiro Unive目ityof
Agricu/ture and ¥屯terinaryMedicine， Obihiro 080-8555， lapan 

Abstract. Administration of prostaglandin (PG) F，. in cattle during the mid-luteal phase (Days 8ー12of the estrous 
cyc1e) drastically reduc白血eplasma prog田 teroneconcentrations and the volume of the corpus luteum (CL). However， 
PGF2α does not induce luteolysis during the early luteal phase (lIP to Day 5 of the estrous cyc1e). To characterize the 
possible distinct difference in acute r~sp~mse to a luteolytic dose of PGF2(t administration， we det~rmined various 
mRNA expressions in the early四 d凶 dCL relating to angiogenesis， vasoactivation and PG-related factors at 30 rnin 
after PGF2o;r. injection in cyclic CQW5 官官 experimentswere conducted on Day 4 (early CL) and Days 10-12 (mid CL) 
Cows were either injected wi出 500I1g PGF，αanalogue or saline as the control (early CL control， n;::;5; early CL PGF2a. 
treated， n=5; mid CL control， n=5; mid CL PGF2n treated， n=η.百廿rtymin after injection of PGF2n or saline， the cows 
were ovariectomized tr回目aginally，and血eCL tissues were collected from regions designated as the periphery and 
center of出eCL. Administration of PGF，. up-reglllated the rrポNAexpressions of angiogenic-related factors such as 
vasc吐ar町ldo血elialgrowth factors， vasohibin，自broblastgrowth factor 2 and insulin-like grow出 factor-IIin the early 
CL， whereas PGF2n dov"n-regulated these mRNA expressio出 inthe mid CL. In the vasoactive factors， PGF2n stimulated 
the mRNA expressions of endothelin-l， angiot町田加 convertingenz戸田~， endothelia1 nitric oxide s戸、thase(NOS) and 
indu口bleNOS in the periphery area of血emid CL， but not in the early CL. However， PGF2n drastically down-regula胞d
PGF2n receptor mRNA expression in both regions of the early and mid CL. The results indicated a c1ear difference in the 
acute action of PGF2n depending not only 011 the luteal phase (i町matureV5. mature) but also the region (periphery vs 
center) within the CL at 30 min after PGF2n injection in the cow 
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Ih悶 puslut叩 m向 isa transient e山口ne叩 inthe 
ovaries of mammals. The bovine CL rapidly develops within 

2-3 days after ovulation川 hichis accompa則 edby岨 glogenesls
from the p田O刊 latory品llicle.The main function of the CL is to 
prod山 ethe proge~缶四ne (P)問中1田 dfor achievement and mainぬ-

n叩田 ofp田gn印可[1].If the cow does not become pre自国nt，the 

CL is only白nctionalfor 17-18 days， and it must田昌回目、vithina 
fewd町sto indu∞then臥 tchance自orovulation 

In co叫 5，it is well knOWJl that prostaglandin (PG) F2n from the 
uterus 011 days 17-18 of the estrous cycle is essential to indu回

目畠悶sionofthe CL [2]. In gene凶，叫ministrati叩 ofPGF2o:in出e

cow during the mid-luteal phase (0町s8-12 ofthe田 trouscycle; 
midCL)d問自国Ily田ducesthe plasma P concentr.富山onand volume 

of the CL. However， the same dose of PGF2α does oot induce 
luteolysis during the early luteal pha田 (upto Oay 5 of祖国 estrous
cyc1e; ear1y CL) [3]. Recently， several studi田 havefocused on thc 
different actions of P日F2non由esys匝msfor s白田idog開国is[4]， 

prostaglandin可'othesis[5， 6]， immune白nction[7]副 dvasoactive 

Received: January 13， 2010 
Accepted: April16， 2010 
Published online in J-ST AGE: May 19，2010 。'2010bytheS田 ietyfor Reproduction and Development 
Correspond叩 ce:A IvIiyamoto (e咽此副。miya@obihiro.判的

(J. Reprod. Dev. 56: 428-436， 2010) 

factors [8-10] behveen the ear1y CLσGF2o:-resistant) and mid CL 
(PGF2a.-responsive) in domestic animals. Although PGF2αacutely 
decreases mRNA expression of 3βhydroス:yst町'oiddehydrogenase 

(3βHSO) in both the early and mid CL， PGF2a. decreases ste-
roidogenic acute regulator)' protein (StAR) mRNA expression in 

the mid CL but not in the early CL [4]， indicating that StAR is a key 

enzyme to reduce steroidogenesis by PGF2o: administration in the 
cow. Also， the levels of mRNA for cycloo::-..)'genase-2 (COX-2) in 

theCL ele¥'叫 ea白er4hinr田ponseto a11 injection ofPGF2a on Oay 
llofthe田 trouscycle [4]. However，on Day 4 ofthe estrous cycle， 

PGF2a. does not stimulate COX-2 mRNA ~立er4 h in the CL [4] 
On the other h皿 d，PGF2a drastically decreases PGF2a. receptor 
(FPr) mRNA expression in both the early and mid CL in the cow 
[4]. These findings suggest that PGF2α clearlye、.ertsactions in 

both the ear1y and mid bovine CL. Taken together， the mechanism 
by which PGF2αeλerts its luteolytic actio11 in the mid CL， butnot in 

the early CL， stil1 remains unknown 
Many studies have tried to configure the time course of the CL 

response to PGF柏町ectiooto a period 2 h after 町 later.However， 

PGF2a C副 reachthe CL，much earlier because如 vivoadministra司

tion stimulates 0λytocin田 leasefrom the CL within 5 min [11]. 
Additiooal1y， we previously reported 曲目 administrationof PGF20 
with a lut∞Iytic dose in甘lucow induced an acute increase in blood 
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f10w 3t tho periphery ofthe CL starting 30 min after trentm叩 tdur-

illg the mid-luteal phase， but not during the回 rlyluteal phase [12] 

Moreover， we目 centlyreported that more large blood vessels (arte-

riolovenous vessels) exists in the periphery compared with the 

center ofthe ma加r吋 CL，whereas both the periphcry and ccntcr of 

thc CL arc similarly distributcd、、.'ithcapillarics and arteriolovcnous 

vcssels in the carly CL [13]. Thus， we suggest that this stmc刻1ml

change from the ear1y (homogeneous) to the mid (heterogcncous) 

luteal phase is related to the differcllce in the CL response to 

Increased blood flow caused by PGF2(l observed only in the mature 

CL [13]. These findings suggest that there arc clear differences in 

the acute action ofPGF2α behveen the earIy and mid CL at 30 min 

after administration 

Therefore， to characterize the possible distinct differences in 

acute response to a luteolytic dose of PGF2a administration，、、喝

determined various mRNA expressions in the ear1y and mid CL 

such as those of ang旧 genic-， vasoactive-， PG-and steroidogenic-

re1ated factors at 30 min after PGF2a i町田tionin cyclic cows 

Materials and Methods 

All experiments were∞nducted at the Field Center of Animal 

Sci回 ceand仇呂n叩 lture，Obihiro University， and al1 experimental 

procedu田 S∞mpliedwith the Guidelines for the Care and Use of 

Agricul加ralAnimals ofObihiro University. Multiparous，llon-Jac-

tating Holstein cows were used for this s加dy;each had at least 2 

estrous cycles of normallength (21-23 days) before being used 

Luteolysis was induced by int四 muscular(i.m.) i吋ectionof5口3メ侶
ofthe PGF2a analogue (cloprostenol: EstlUmate@~ Takeda Pharma-

ceutical， Osaka， Jap岨)， and 100μ!s of GnRI-I (Conceral@; Takeda 
Pham13ceutical) was injected i.m. 48 h after the PGF2a injecti叩 to

ensure 0、'ulation.The day of GnRH injection was designated as 

DayO 

Eュperimentald田ign
The object ofthe experiment was to determine the acute effects 

ofPGF2a administration on mRNA 田 pressionin the periphety and 

center regions ofthe CL at the early and mid-Iuteal phases (immか

加 reor ear1y CL vs. mature or mid CL). Twenty-hvo multiparous， 

n四1ーlactatingHolstein cows were used for this study. The experi-

ments were∞nducted on Day 4 (ear1y CL) and Days 10-12 (mid 

CL). Cows were either町田t吋 with可GF2aor salinc as a control 

(early CL control， n=土田rIyCL PGF2cr. treated， n=5; mid CL∞n 

trol， n=5; mid CL PGF2a紅白ted，n~7). Thi町田inafter injection of 

PGF2a or saline， luteal blood flow、.vasdetem1Ined using color Dop-
pler ultrasound， and thereafter， the cows were immediately 

su同ectedto transvaginal ovariectomy as reported previously [14] 
To examine the locaI effect of PGF2cr. in the CL， tissue samples 

were collected from regions designated as the periphe可 oftheCL 

and center ofthe CL in our previous study [15]. Immed阻 telya自er

col1ection， the samples were placed into a 1.5 ml microcentrifuge 

tube containing 0:4 ml TRIzol r'曲 gent，homogenized and stored at 

80 C until analysis 

RNA田:tractionand cDNA production 
Theo刊 tywith the CL was col1ected by ovariectomy， and then 

total RNA was e:、lractedfrom CL samples following the protocol 

of Chomczynski and Sacchi usin呂TRIzolreagent [16] as in our 

pr臥'lOUSS加dy[15]. The extracted total RNA was stor吋 inRNA 

sto田昌esolution (Ambion， Texas， USA) at -80 C until beil】呂 used

for cDNA production. RNA samples were thcn used to produce 

cDNA as in日lrprevious study [15]. The synthe羽田dcDNAwas 

stored at -30 C. 

R四 l-timereverse transcription-polymerase chain 1四 ction
(real-time RT-PCR) 

The following血ctorswere analyzed in the present study: ¥'ascu 

lar cndothelial growth factor (VEGF) 120 and 164， vasohibin， 

fibroblast grOl叶hfactor 2 (FGF2)， angiopoietin (ANPT) 1 and 

ANPT2， Tie2 (ANPT receptor)， illsulin-like grO¥vth factor (IGF)ーI

ond IGF-II， endothelin-l (EDN1)， EDN receptor type A (EDNAR) 

and B (EDNBR)， on呂lotensmconvertmg 凹 zymc(ACE)， angio-

tcnsin 11 receptor type 1 (ATIR) alld 2 (AT2R)， endothelial nitric 

O百 desynthase (eNOS)， inducible NOS (iNOS)， COX-2， prostag-

landin F synthase (PGFS)， prostaglandin E synthase (PGES)， 

prostaglandin 1 synthase (PGIS)， FPr， StAR， cytochrome P450 

side-chain c1eavage enzyme (P450s∞)， 3s-HSD四 ds-actin. The 

levels of mRNA expressions were quantified by real-time PCR 

with a LightCycler (Roche Diagnostics， Indianapolis， IN， USA) 

using a commercial kit (LightCycler FastStart DNA Master SYBR 

Green 1， Roche Diagllostics). The primers were designed using 

Primer-3 based on boville sequen田 s.The amplification program 

consisted of 15 min activation at 95 C foI1owed by 40 cycles of 
PCR steps (15 sec denatu四泊四 at94C，30s田 annealingat 58 C 

and a 20 sec ext聞 sionat 72 C). For quanti日catiol1of the target 

genes， a series of standards was constructcd by amplifシinga fi四呂田

ment of DNA (150-250 bp) that contains the target sequence for 

real-time PCR. The prime四 usedfor real-time PCR are listed帥

Table 1. The PCR products were subjected to electrophoresis， and 

the target band w.出叩tout叩 dpurified using a DNA purification 

kit (SUPRECThI-Ol， TaKaRa Bio. Otsu， Japan). Th開 eto five step-
wise-diluted DNA standards were included in every PCR run. The 

quantification of mRNA expression was performed using Light 

Cycler Sofhvare.(Version 3.5; Roche). Primcr sets were tested in 

lut回 1tissue samples to confirm amplification of single bands， and 

ampli日edproducts were cloned and sequenced to confirm th目r

idelltify， prior to use of primcrs in analysis of samplcs 百回 valucs

we田 normalized¥Ising s-actin as the internal standard 

5加tisticnlanalysis 
All mRNA 目 pressiondata are presented as means::!:: SEM. A11 

data were analyzed by Student's t-test following by the F-test 

Probabilities less than 5% (Pく0.05)were considcred to be 

slgm百四nt

Results 

TTze mRNA eλpr，田sion01 angiog四 ic-relatedfactors in the即吻
and mid CL after PGF2a administration 

The results of quantitative analysis ofthe mRNA 田 pressionsof 

VEGFI20 (A)， VEGF164 (B)， Vasohibin (C)， FGF2 (D)， ANPTl 

(E)， ANPT2 (F)， ANPT2!ANPTl ratio (G)， Tie2 (H)， IGF-I (1) and 
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Table 1. Primers used in rea1time PCR 

Gene Sequence ofnucleotide (5'・3')a Accession No. 

VEGF120 F、
'"'

CCCAGATGAGATTGAGTTCATIIT h侶2976

REV GCCTCGGCTTGTCACAT1TT 

VEGF1ω F、''D CCCAGATGAGATTGAGT寸CATT1T 恥132976

REV AGCAAGGCCCACAGGGATTT 

Vasohibin F、~D CAGTCAAGGATTIGGGGATG BCl1l257 

REV ACCCCGGTTAACAAAGAAGG 

FGF2 FWD GAACGGGGGCITCITCCT 1H3440 
REV CCCAGTTCGT了rCAGTGCC

地wn F、'"' TGCCAG.'-¥..A.GCCAAAもAGGTA AF093573 

REV CCCCAACCAATATTCACCAG 

ANPT2 F、'"' ACCCITCAGGTGAACACTGG AF094699 

REV CGTGAGGCCTITAAGGTGAA 

Tie2 FWD GAATGCCCCAAAGGTGATCG X71424 
REV TCCGTCCGAGGCTCCAAATA 

IGF-I F、'"' TGCAAAAATGACCCTGGAGT h骨.JOOlO77828

REV AC九AGCCTGCTGAATG九ATGT

IGF-II FWD GACCGCGGCTTCTACTTCAG MN174087 

REV .~Gfv\CTTGCCCACGGGGTAT 

EDNl F、'"' CAAATGCATCCTGCCTGGTC X52740 
REV AITGCCAC巴CCCATAGAGGA

EDNAR FWD GCATCCAGTGGAAGAACCAT X57765 

REV AACCAGTCAACCCTTCAACG 

EDNBR FWD GCTCCATCCCACTCAGÎL~~ D90456 

REV GCCAACACAGAGCÎL~GACA 

ACE FWD GGTCCATCCCCT ACTTC A.J309016 

REV GCGTGCAGGTTCAGGTAGA 

AT1R F、'"' GGAA生.CAGCTIGGTGGTGAT "町174233
REプV AAACACGCTGGCATAGAGGT 

-"τ'2R F、'"' AGCTGGGATTGCCTT~~TGA Xお，1589248

REV GAAGGGAAGCCAACAAATGA 

eNOS F¥VD GGAAATCGGGGGTCTGGAGT M89952 

REV TTGGCGAGCTGAAAGCTGTG 

iNOS F、'"' TCATCTICGCCACCAAGCAG UI4640 
RE、F CAGTGATGGCCGACCTGATG 

FP，- F、'"' GGCCAGCA'τTGGAATGAATA T，.1N181025 

REV CTCCACAACAGCGTCTGGT A 

COX-2 F¥VD TCCTGAJL~CCCACTCCCA~CA AF031698 

REV TGGGCAGTCATCAGGCACAG 

PGFS F¥，"， GATGGCCACTICATTCCTGT J03570 
RE、r CAC出GTGCCATCTGCAATCT

PGES F、''D CGCTGCTGGTCATCAAAAT AY032727 
RE、r GGAAGGGGTAGATGGTCTCC 

PGIS FWD AGGATGAAGGAGAAGCATGG 恥1N174444

REV TGTGGAGGAGAGTCGGTTTC 

StAR F、iVD 日TGGATTTTGCCAATCACCT 恥1N174189

REV TTATIGAAAACGTGCCACCA 

P450scc F、'"' CTGCAAATGGTCCCAC'τTCT K02130 
RE、r CACCTGGTIGGGTCAAACTT 

3s-HSD F¥VD TCCACACCAGCACCATAG.生A X17614 
RE、r AAGGTGCCACCATTTTICAG 

p.actin F、'"' CCAAGGCCAACCGTGAGAAAAT K00622 
R耳、r CCACATTCCGTGAGGATCTTCA 

且F¥VD，白rward;REV， reverse 

IGF-II (乃a田 shO¥¥'1lin Fig. 1. PGF2a increased the mRNA回 pres-

sions ofVEGFI20_ YEGF164四 dY，田ohibinin the periphe可area

ofthe early CL， but decreased these 町 pre回iOl1sin both areas ofthe 

mid CL after PGF2a i町ection(Fig. lA--C). PGF担 increasedFGF2 

mRNAeミpressionin the periphery and田 nterarea ofthe early CL， 

but decreased the expression in the center 町田 ofthe mid CL after 

PGF2ai町ectionσig.1D). Although PGF，. did not change ANPfl 

mRNA 田 p田 ssionin the early and rnid CL (Fig. lE)， it did incr田 se
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Fig. 1. Ch:mges ofinRNA expressions of angiogenic-related factors in the early and mid CL after PGFz<t administrntion. A: VEGF120. B: VEGF164 
C: Vasohibin. D: FGF2. E: ANPTl. F: ANPT2. G: ANPT2I泊.JPT1ratio. H: Tie2. 1: IGF-1. J: IGF-II. In回chfigure， the !eft pa田 1irfdicales the 
ear1y CL， and the right panel indicates the mid CL. ¥Vhite bars indi四 tethe c叩 troltrealment， and black bars indicate 出巴 PGF~出atment. ~II回目

:t SEM are p民sented.Different superscripfs indicate slatisliqaIly di品目ntvalues (P<O.05) 

ANPT2 mRNA e，中間ssionin both areas ofthe early CL， but not in 

the mid CL (Fig. lF). In terms ofthe expres~回n 四tio of ANPT21 

ANPTl， PGF2a. increased the ratios in the periphery area ofthe 

early CL岨 din both areas of the mid CL (Fig. 10). Although 

PGF，αstimulated Tie2 mRNA eλpression in the periphery area of 

the early CL， it decreased the exp居間ionin both areas of the mid 

CLσig. 1H). IGF-I mRNA exp問 ssionwas decr，回sedby PGF"， 

町 ectionin the center area ofthe early CL and in both a問 asofthe 

mid CL (Fig. 11). IGF-II mRNA expression was increased by 

PGF2a injectioll in the early CL but decreased in the mid CL (Fig 

l乃

刀lemRNA氏、:pl回目'onofvas即 ctive-relatedfacto悶 inthe earZy 
andmidCLψer PGF2a administration 

The日 sultsof quantitative analysis ofthe mRNA e、:pressionsof 

EDNI (A)， EDNAR (B)， EDNBR (C)， ACE (D)， ATlR (E)， AT2R 

(F)， eNOS (G) and iNOS (H) are shO¥W1 in Fig. 2. Al血oughPGF2a. 

inhibited EDNl mRNA expression in both areas ofthe early CL， it 

stimulated EDN 1 mRNA exp陪 ssionin the periphery ofthe mid CL 

(Fig. 2A). PGF2u. did not change the mRNA expressions of 

EDNAR and EDNBR in the early CL， but it did de町田seEDNAR

mRNA expression (in both areas) aod iocrease EDNBR mRNA 

exp田ssion(in the periphery area) in the mid CL (Fi呂 2Band C) 

ACEmRNAe、:pressl叩 W晶 onlyincreased by PGF2a injection in 

the periphery area of the mid CL (Fig. 2D). Although AT2R 

mRNA expression did oot change (Fig. 2F)， PGF2a decreased 

ATlRmRNA 臥 :pressionin bo日1areas of the early CL and io the 

periphery ar，曲 ofthemid CL (Fig. 2E). ln the mid CL， the mRNA 

exp臨時ionsof eNOS and iNOS、.verestimulated by PGF2αil1j田 tiol1

in the periphery area， and PGF2αdecr.曲目deNOSmRNAe、pres-
sion but 110t iNOS mRNA exp回目ionin the early CL (Fig. 2G and 

H) 

η'lemRNAe.λ下町田ion0/ prostaglandin-related factors in the 
early and mid CL after PGF2a administration 

The results of qu叩 titativeanalysis ofthe mRNA 田 pressionsof 



Tlze mRN A expression o/steroidog四 ic-relaledfaclors in Ihe 
early and mid CL after PGF，αadminis加 tion

The reslllts of qllantitative analysis ofthe mRNA expressions of 

StAR (A)， P450scc (B) and 3s-HSD (C) are sho、.Vsin Fig. 4 

FPr (A)， COX-2 (B)， PGFS (C)， PGES (D)剖 dPGIS (E) are shmvn 

in Fig. 3. In al1 experimental grOllpS， PGF2o:. decreased FPr mRNA 

exp陪 ssion(Fig. 3A). PGFzo:. increased COX-2 mRNA e、p田 ssion

in the periphery bllt not in the c曲 ter釘eaof both the early and mid 

CL (Fig. 3B). PGFzo:. tended to decr，回sethe mRNA expr田 sionof 

PGFS in the periphery ofthe early CL and incr.回 sedPGFS mRNA 

exp田 ssionin the periph町田aofthe mid CL (Fig. 3C). Altholl酔
PGES mRNA expression did not change in the mid CL， it was 

decreased by PGFzαinjection in the periphe叩 areaofthe回 rlyCL 

(Fig. 3D). PGFzao decreased PGIS mRNA expression in the periph:-

ery a胆aof the early CL and in both areas of the mid CL (Fig. 3E) 

Changes of mRNA 臥 pressionsof proslaglandin 四 laled
faclo凶 inthe early and mid CL after PGF2o:. adminislration 
A: FPr. B: COX-2. C: PGFS. D: PGES. E: PGIS. In each 
figure， lhe left panel indicates the early CL， and the right 
p皿 elindicales the mid CL 、明日lebars indicate the control 
treatment， and black bars indicate the PGFza treatment 
Menns :t SThI a田 presented.Djfferent supe四 criptsindicnle 
statistically differenl values伊<0.05).
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Tablc 2. Summary of rnRNA e、'pressionchanges in the early CL nnd 
mid CL after PGF za ndministrntion 

DlFFERENT EFFECTS OF PGF，" IN 1HE EARLY AND MID CL 

MidCL 

I花房hery (主主cr.. .. 
↓・.. .. 
-o--0-・0・4砂

" 

Ang.io即 nic-問 latcdfacloJ's 

回選盟主工
心→
-o- -0-
や +
イ ヨ . . 争

.0. 
一歩

.0. 
↓-
v
A廿

ANl'TZfANPTl 

V詑01'120.164

Va.sohib由

mRNA 

1'01'2 

10F.j 

Tie2: 

巴Co吋M

E譲PGF恥

;i品陪

IGF.ll 

MidCL 
夜可he:ryでenter

之F
4ゆ
L令

.0. 
4砂

崎

却

g

抽

出

恋

路

沿

。

《喜三一
A
Z舘匂一
AZG認
す
m
河
川
認
さ
一
a
z
J
U之
ぽ
吾

↓A
V

A

2

 

mRNA 

申告

4
7

↓↓ 
↓6
0
 

↓品
v
+
-
v

一歩

↓av
↓A
V
 

Vasonctivc-悶 latedf恥to悶

E肘 lyCL
お滞おすでお阻r.. .. 
ーさ惨 田谷

一号炉

EDNl 

EDNAR 

ACE 

EDNBR 

ATlR 

AT2R 

cNOS 

i詩08

f'efIl:>I"描y .0:皆、t'..lf
MfdCl. 

Chnnges of mRNA e:-'1'r，田町田Sof steroidogenic-related 
factors in the early and mid CL after PGFl<t administration 
A: StA.R. B: P450scc. C: 3s-HSD. In each figure， the left 
pane辺indi四 testhe ear1y CL，祖d出eright panel indi阻 tes1he 
midCL、Nhitebnrs indicate thc C9ntrol trcatment， and black 
bars indicate the PGFztt treatment. Means土sm¥ilare 
presented. Different superscripts indicate statistically 
differ四 tvatu田 σ<0.05ト

Fig.4. 

Mid仁し

I克設反主 Ce，設r

矧』噂 」

.0.→ 

.0. 四争

~ 

' 
国争.. 申告炉申告砂

mRNA 

8，AR 

1'4ベOおし£

ヰ:fj.!lSD

.tClト:Si草ぬ恥肌tincr，時事C

.. ，Sig凶tiじ訓td抑制町

田幸~ : Nod時ng巴

MidCL 

p"国見立~・.. 一争 申告惨.. 
↑:Te岡 崎 mcrcnsc

↓:T叩 d柏 d世間脚

ー奇妙

ProSl明 i加 din..:relatedh"l訂正田

EUfh正:1.

竺設俊弘ぷ並区E.. .. 
G → 
+ • 4砂

明者b問診

A
円

M
円ひ

unn
 FPr 

COX-2 

PGF2a decreased StAR mRNA exp田 ssionin the mid CL， but not in 

the early CL (Fig. 4A). PGF2a did not change P450scc mRNA 

expre四 onin both the early and mid CL (Fig. 4B). Although 3~ 

HSD mRNA expression did not change in the early CL， it was 
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Discussion 

The resu1ts of the present s削dyshowed distinctly different 

responses in mRNA 町 p田 ssionin the early and mid CL at 30 min 

a白erPGF2α1町ectionin the cow (Table 2). It was very clear that 
mRNAexpre田ionsrelating to angiogenesis such 8S VEGFs Cin the 

periphery area)， FGF2， vasoh池田 Cinthe periphery area) arid IGF-II 

were up 田 gulatedafter PGF2α1町ectionin the early CL， wher田 s

they were down-regulated in the mid CL in the cow. Mo田over，m 

the vasoactive-related factors， PGF2αstimulated mRNA expres-

sions ofEDNl，ACE， eNOS岨 diNOS in the mid CL， but not in the 

ear1y CL. However， PGF2α similar1y inhibited FPr and ATIR 

mRNA expression in both the early alld Illid CL. These data sug-

gest that PGF2眠 acutely，but differentially， regulates gelle 

transcriptioll bet¥Veen the early and mid CL in the cow 

The bovine CL produces Illally allgiogellic factors including 

VEGF [14] and FGF2 [17]. These 品。 angtogelllc白ctorsare 
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potent mitogcns for cndothclial cells [18]， stimulators of vascular 

permeability [19] and 3trol唱 Iuteotropic白cto四回 theCL [20-22] 

Indeed， VEGF und FGF2 can stimulate P secreti皿 fromthe bovine 
CL ;11 vitro [23]. These findings suggest that VEGF and FGF2 

have a stimulatorγrole in both angiogenesis and P regulation dur-

ing thc carly lutcal phasc il1 tho cow. Intcrestingly， in the回r1yCL， 

PGFZa c1carly stimulated the mRNA expressions of VEGFs and 

FGF2. It has been reported that PGF2u up-regulates VEGF trao-

scnph叩 inhuman cancer cells in vitro [24]. Moreover， the 

productiOJl of PGF2a alld the mRNA expression of COX-2 are 

higher in the early CL than in other luteal phases [23， 25]. Impor-

taot1y， in the early bovine CL In vitro， PGF2α c1early stimulates P 

secretion [23. 26]. alld VEGF and FGF2 stimlllate PGF2a alld P 

S回出tion[23]. Conseqllently.山 sproposed tl回 PGF2ctin the early 

CL acts as a local reglllator to stimlllate VEGF and FGF2. and this 

is how the CL acqllires the ability to resist the effects ofPGF2a. 

Althou呂hPGF2a did not change mRNA cxprcssions of ste-

roidogenic factors in the early CL. PGF2(l injection decreased the 

mRNA expressions of StAR皿 d3s-HSD in the mid CL. Inde吋，

PGF，αdecr回 sesStAR mRNA 目 p自由ionin the mid CL bllt not in 

the early CL in the∞W 叩 dporcine [4. 27J， ind問 tingthe key 

enzyme to reduce steroidogenesis by PGF2a. administmtion. Addi-

tionally， in the pres叩 tstudy， PGF2a. injection down-regulated the 
mRNA 田 pressionsofVEGFs叩 dFGF2 in the lnid CL， suggesting 

the rational phenomenon to inhibit angiogcnesis for progressing 
luteolysis. It has been show引由atPGF2α administration drasti回Ily

de町 田sesVEGF prote川町p回目ionafter 30 min in the mid bo、!me
CL in vivo [28J. These data suggest也atPGF2a. differ曲 t凶 yre伊ー

latesmRNAe、pressionsof steroidogenic factors as well as VEGFs 
and FGF2 bctwccn the carly and mid CL in the cow 

ANPTl is Ile田 S田町 formaintenance and stabilization of blood 

vessels [29]， while ANPT2， acting as a natural antagonist for 

ANPTl， has a role in causing田 dothelialcells to undergo active 

remodeling， thereby destabilizing the vascular structure [29J 

ANPTl and ANPT2 bind to the 抽出 receptor，Tie2， and the baト

ance of ANPT2 and ANPT 1 binding to Tie2 appears to play a 

crucial role in vascular smbility. The p田 senceofVEGF may also 

determine theおteof destabilized blood vessels [30]. When the 

e、pression，ofVEGFis high， destabilization ofblood vessels results 
in the fonnation of a new vascular network， whereas a lack of sup-

port by VEGF r 

VEGFs， suggesting that inhibition of hyper-angiogenesis in the 

ear1y CL and a drastic down-re呂ulationin the mid CL OCCllr. to 

induce angiolysis aftcr PGF2n川ljection.However， the dctailcd 

function ofvasohibin foran呂田genesls剖 dendothelial ccll prolifer-

ation and mig四 tion，should be illYestigated in the bovine CL in a 

fllture study 

The IGF system is essential for support of P secretion. The 

bovine CL h田 beenidentified as a site ofIGF-I and IGF-I1 mRNA 

expressions as well as peptide production and action throughout the 

lllteal phase [34， 35]. 111 the present s加dy，although PGF2a signifi 

cantly inhibited mRNA exp田 ssionofboth IGF-I副 dIGF-I1 in tlle 
mid CL， IGF-II mRNA e'λpression was stimulated by PGF2ct目白e

ear1y CL. Interestingly， the stimulatoη.' effect on P secretion of 

IGF-II is greater than that.ofIGF-I in bovine CL il1 vilro tisslle cul-

ture [36]. These data sllggest that PGF2n may have pot田 tialas an 

anti-luteol戸icagent in the early CL that is different from that ofthe 

midCL 

Recent s加dieshave clearly illdicated出atEDNl， angiotensin 11 

(Ang 11) and NO are involved in the process of luteal田呂田sSlon

[37-46]. In fact， EDNl and NO can illhibit P secretion in the 

bovine [38， 39]. 0羽田 [41]and human CL [47] in vitro. Angio-

tensin 11 can also剖 ppressP secretion stimulated by LH in bovine 

luteal cel1s [48]. Moreover， PGF2a. stimulates biosynthesis of 

EDNl (and EDNl mRNA eミpression)，Ang 11 (and ACE mRNA 

expressioll)叩 dNO (and eNOS/iNOS mRNA 田 pressioll)in vivo 

and in vitro [37， 39-41， 43， 46]. III Sllpport of由eabove filldings， 

the pres叩 tresults indi回 tedthat PGF2ct stimulated mRNA expr'田-

sions ofEDNl，ACE， eNOS四 diNOS ill the periphery ofthe mid 

CL. These iindings suggest that PGF2a， EDNl. Ang 11 and NO 

may act cooperatively to initiate funct旧nalluteolysisin the cow 

Contrary to the mid CL， PGF2n significantly decr回目dEDNl and 
. eNOSmRNA e入pressionin the early CL. Therefore， we suggest 

that PGF2ct has a dual ft抽出叩 dep叩 dingon the lutea1 ph田 e，act-

ing as an anti-luteolytic factor (in the early CL) and a luteolytic 

factor (in the mid CL) in the cow 

Previous reports have sho¥¥，日 thatFPr mRNA expression is 

down-regulated by PGF2n administrati臼1in both the ear1y and mid-

luteal phases in vivo [4， 8]. Additionally， administration ofPGF2α 
drastically inhibited FPr mRNA e'、pressionafter 30 min in both the 

early and mid-cycle CL in the p問 sentstudy. Thus， this indicates 

that血erefl回 ctorInessof the .earIy-cycle CL to the luteolytic effect 

ofPGF2α is not caused by a lack of the FPr system. On the other 

hand， administration ofP 
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has strong potential to stimuJate P 回目前ionin bovine Illteal cells in 

vitro [26， 50]. We have no cJear e:¥:planation for the small changes 

in PGES mRNA in the early and mid CL， although PGE2 is well 

knOWll as a po剛 t1ut.田 tropicPG in the CL [26] 

In the present study， PGF2a action 、.vasdifferent not on1y in the 

luteal thases (the early and mid CL) bllt also in the 11Ileal regions 

(periphery and center region ofthe CL). For example， in the mid 

CL， PGF，αstimulated mRNA expressions of vasoactive related-

factors such as EDNl， ACE， eNOS， iNOS and PG-related fflctors 

such as COX-2 and PGFS in the periphery but not in the center 

area. We have previously shown that there are many arteri-

olovenous vessels in the periphery area of the mid CL compa問 d

with the center ar，国，叩ddistribution of arterioloVellOl1S vessels is 

related to the in町田seoflut回 1bJood f10w caused by PGF2a admin-

istralion [13]. Therefore， the difference of vascular stmc加remay 

be one ofthe reasons why PGF2a affects the mRNA expressions of 

vasoacti ve and PG田 lated-factorsin the periph町ya町呂 ofthemid 

CL. on the other hal1d， PGF2a also regulated mRNA exp汀'esslollsm 

the early CL without steroidogenic-related品目ors.However，出町c

are similar distriblltions of capill朗自由dthe arteriolovenous ves-

sels in the periphery and center ofthe early CL [13]. It is P田 sible

that the distribution of luteal cells， these derivations (smallluteal 

cells derived from theca cells and large luteal cells derived from 

grallulosa cells) 311d the degree of differentiation are different 

behveen the peri同leIY，and cellter ofthe early CL 

In conclusion， PGF2α has a stage-specific action depending on 

the luteal phase (early vs. mid) during the estrous cycle in恥 cow

Tak叩 together，PGF2a may have a dual function， acting as副血(1-

luteolytic factor dlle to stimulation of angiogenic白ctorsin the 

early CL and acting as a luteolytic factor due to increase ofvas聞か

tive-and PG-related白ctors，especially COX-2 and PGFS， in the 

mid CL in the cow 

Acknowledgments 

This study was support.ed by a Grant-ill-Aid for Scientific 

Research ofthe Japan Society for the Promotion of'Science (JSPS) 

and the Global COE Program， Ministry of Education， Culture， 

Sports， Science and Technology， Jap皿

References 

1. Rodgers RJ， Milchell MO， Simpson ER.5ccrcti<;l凡 ofproll筒 tcro皿，""p四百taglan
din.~byαIL~ of bovinc u立poralutca 100m 仕官cc~ta!';白 olthclutcalpru.抱 JEndocrinQJ 

19浦;118: 121-126 
2. M正r.lckenJA，5chramm W， Barclko同，kiBパザilsonL， Jr. Thc idcntification of prrn;-

lag1andin F，~ as a utccinc lutcolytic honnonc and thc hormonal control of it~ 巧叫h.

悶 A山 Vd5C1md 5nppJ 1981;77: 71-8t略
3. H四 ricksDM， LongJT，町11)凡DickeyJF.Thcd仕ctofpro由 glandînFl~d山'Ing\'ar.・

m凶 stag凶 01thcocstrr附句rclcnf bccf hcifc四 JReprvd Fertil1974;41: 113-120 
4. Tsai勾，もVillbankMC. Poostaglandin F，~rcg叫話回也、回IC! phy叫，1"，同1'"四gcsin 

出 Iy間 dmi.同由加 問 団p凹 lulca醐 Reprod199街58拍叫 "

5. T:削 5}，WiUbank MC. PrOl由gIon也nF1o.induccs四 :prcssinn01 prrn;laglandin G/H 

巧ntha骨 .2in thc 0¥'恒ccorp凶lutcum:a potcnロ211posith'c fccdb<ick 1叩'pd凶凶~

lutcoly抱s.BωR.吋 1997;57: 1016-1022. 
6. 5i1va PJ， Jueogel }L， Rollyson MK，Niswend町 GD.Pros包，Lm必nmctaboli~m in thc 

ovinc corpus lutc四叫，b噛 mofpr電話lagmndinF1o. {pGF1，，]伺皿白川'h出酔

tanccof出ccorp凶 lutc山羽 toPGFl<>. Biol R~prod 2000; 63: Ill9-1236 
玖 Ts3.I5J， Juengel JL. Wiltbank M仁臼nrmonalrcgumtion of mnnocytc chcm悶，.，陪

tant protc回一1mcs..~cn&，"，r ribonuclcic aad目 p民間onin corpora lulcι Endocrino.惚V

1997; 138: 4517-45211. 
払 Levy N， Kobayashi 5， Rolh Z，、Vo[[ensonD， Miyamolo A， Meidan R. A，占叫凶""'

tion of 戸田ta~landîn F2~ d山肌g¥hc car1y bm'凶 clutcal pha促 docsnol allcr thc 
以 pre笥 Ion01 Eτ-1 and of its typc A r民 cptor.a p臥匂blccausc for corpl附 lulc山首

rel，悶ctor岡田丸 BiolReprod 2000;63: 377-3:辺
9. WrighlMF，Say陀 B，Keilh Inskeep EK， Flor白 JA.Pro自 glandinFl~ rcgumtion of thc 

bovinc∞'P田 lu!c山 1凹申出clin5昔、cmduring thc carly and midlutcal pru.思 Biul

R~prod2印ll;~訟 17ltl-1717.

1II日oudb町巳 CostineBA， Wilson MF. lnsk叫 EK.Flores]ん ProstaglandinF2" 
(PC民，，)indcpcndcn! and dcpcndcnt rcg叫ationof thc bm.inc lutcal cndothclin syヨF
tcm.r加e;1Ani川 EndocrinoI20(J.l:2;民s-79

11. Flint AP， Sheldrick EL 白百，~n田国ionof叫胤in i.~s幽u1alcdby poostaglandin. 
NII/1!r~19悶;297: 587-5!杭

12. Aωs!.aT]， Y.回，hiu¥'阻 N，Oh!.ani九，1，Miyamoto A. Lo回lchang箇 inbJ.剖Hfllow withln 
thccadyand凶 dcyclccnrpuslut凶 maftcrpm由gLm血 Fz".ir和 tionin thc cow. 8iol 
Reprod21川2;66:651イミ58

13. Shira四四 κAsahiT， Sasaki 1¥1， Shimizu T， Miyilmo!o A. Di.~tributinn of artcri 
nlo¥"I;:即断、 cf，scb‘.，cap山町扇町tdcNOS cxprc¥si曲 inthc bo¥.inc corpus lutcum dur-
ing thc防 trouscyclc:: a po隔日blcimplica!inn 01 dillcrcnt Scn.~itNily by 1utcal pha賠 'n
田f:2o.in¥hc Încrca~c oflutcal blood f1mv. J Rcprod白叫010;56:12.←m 

14. B凹 sha8， S(h3!nS D， Kosmann M， Amselgrub町 W，Ei凶panierR Expr首 sionand
ti.:時間C剛 院ntration01 ¥'llscular cndothclial g.rowth factor， it吉田虫p!ors，ar叫 localiza.
tInn in thc bo.'incむ:orpω1"'岡山ndurir喝国1mωcyclc"nd p県伊訓cy.Bio/ Rrprod 

加 ID;63;IH恥 1114
15. Shir.l阻naK. YilmamotロD，Mロro!.aK， Shimizu T， Matsui M， Miyamoto A. PGF，~ 

stimulat町田dnthcli，，1nれ町叩d，町，ynth目白I"'n占時 onIhc 印刷、(cof bm.inc 
granul同 cclls:analys眠 byco-cuJt町甲tcmofc山崎由悶1cclls， smoo出m田 clccclL~ 

曲dgranuJo伺 cclL~.Reprod 00111 Anim 2008;43: 592-59胤
抗日OmαYM陪 P，Sacchi N. Sing1c-!o!CP mc出吋d町 ALo;olationby acid guani制阻

thiocya田 tc-phcoo1-chJoroform以!.raction.Anal Bioc!Jeml987; 1位 156-15¥1，

1尻 SchamsD，A回"lgrub"rW，訪問pani"cR，. Sinowa包 F，GospodarOl'叫czD. u:四""
tion and tis.~uc oonccntration of ba~c fibroblas! gmwth fac!nr in血，cbovinc oorp凶

lutcum. Endocrine 19¥14; 2例)7-912.
18. F"lT3ca N， D叫 is-SmylhT. Thc biョ10gyof ，.asc:u1ar凹 dnthclialgrowth factor. Endocr 

RroI9fJ7:18:←E 

19. Connolly DT. V訂 α血'P回目，b血!yfac!or: iI uniquc rcg叫atorofbln羽dvc照clfum守
tion.J凸."Bioclrem 1991;47: 219-223 

2札 F凶serHM， Dick50n 5E， Lunn SF， W叫ffC， Moms KD. C..町 ol1VんSick間 llR.5up-
P'盟副onoilutc也1angiogcncs民 inthc primatcaftcr nculralization oh.asα~Iar cndothc-
凶 grow血lactor.Endocrinv哨訓10;141: 995-1醐

21. Wulfl C， Wi1釦nH， Largue J5， Wieg.md 5J， Lunn S巳FraserHM. Lutcal angiogcnc-
si~: PrC¥'叫onand intcryc山 nby !rcatmcnl with va叫~皿dnthclialgrowth fact四

国 Ip(A4t'J). J C/in Endocrino/ ，' .. f出lb2001; 116: 3377ベお揃

22. Y..mashila H， K..剛山 D，ShirasunaκM山 uiM， 5himizu T，悶d..K， Berisha B， 

Scl"官官D，Miyamoto A Effcct 01 locaJ. nc山 'a!izatio叩 fbasic fibrobla叫Srowthfaに1m



N逗dv

tzmgH事hKEEPJ同両日-ntac唱Elv--面白書官三島』宮司ロE-bus-2

ロ83百Avdgu
帽し

EU吋U司令g22
咽

Uえ色Eω8ヨdM両信吾首足、ト包官MOJ凶SZU【田町

。式1臥門的iRg自民一S芳活情司君主主62匂宮高

ぉSE凪ES一U22色町85EAEEEu昌KEESSE五回吉包SE55

〈BロgnhH2‘ロ22u伺J2同52

。
d22hzq凶62唱品、pz"。u〈ば王国営国寺

がーのをEgEsaO吉岡『白星ヨω

hM悶gd
弘

gauG【伺U4auE芭AEロ65白色Ehau£壬3EM
耐】

JVZSER-町 田unvZE省HZB
干

宮崎口ozE弘首島gg司五担℃U吉田ESE-E℃2224juEeEHEEd325司

Aロ官叫回EEuub
岨

ω百〈凶凶巴ロEE2md室区間雇包有〉戸dEE竺MMUSK凶司聞記、白凶証判官狙倒等

az話NZn同ま完官民吾氏巴喜一-Rdu苦ヨ吉弘E6包

14肩GE弘百首ヨE吋tySぷ色ruM戸C勺暗記己防u官室さ戸市υロEgA宮zna日ZS五去五?と唱吾E吉岡阿

〈ωEEZJ冨22阿古eZ62852J2自由官E宙定‘ロE同者ぱ同喝さEdE〈単

ι

一mmzsm己主同旨白百五反』6282F-fE2司63宮叫

hh刷局唱昌昭【ωsvigaω百ヨ同UE臣官官官ヨPURZS富山由U5U3guza司君"ωξ6包

古島Erctd24E5uELS兵己週五回ωE℃28〈E3EhEZ問、u商品ZOJ【 【

2EsaEA‘注目官ωMMM伺2deuseA畠258診イ望阜ωgco昌司EasSALFE腕ロu〈手

JgThaze-NEB-E記~是ES22昏8252azhEuau司会E2
昭

指E243UM担E635冨占EEMωEg筒、25-必至ぱ25EaぱmsZ凶卑

Jヨマ注語一的NH.8-一 一NESSLU--一EASE-asESErbE52セ845

LZbE35E一σEE34SUE-JE吉一:ESSE岳543

U宣言mU冨是也雪凶uM425EωNJ、mJMau-Aeo‘ummsuBH凶‘ogMagnN
‘
05一ω=uυ日制問。尚叩叩

pss=cHmcsま円買ど吾之さdEZAU雪耳目岡宮

百md五百五EJE
仏

gU2255官官当Z百AEZagEgJUhEEUE

虫色U650司36uS宮古吉長UU4EE52」【同20EEU4dgEChmdqg目。室内噌

吋【芭HliEEE円EH隻筒、担金忌eM』Ram--同日胃tzzgAdbA官MZ-55caa

hM653Sロヨ旦gh隠言問gE高官dg冒ugq
咽

UAtyu旬日コ吉岡hh刷局官句同ωZVCM弘E

ω昌男自国ugEMu--句史UUEa』685コヲ占凶弓Z

。
dMZ帆邑zeu菌、ESEhzaJq

ngHASMH3-gE円、qhbN同志向ggt-SZ628岡 山Uh

園町内az'gコ官吋IA仏民司民伺凶2mg弘EZ官言HL自国岩山岳民削〈凶省主沼南ぱ旬、す苫ug百円叩

。己【【1吋CMMd白一喝

ぷ。虫、ghazm臣官sgEヨ22b89EZむ否五MC℃何百4VD4E42=gqAEZLS宮山

“E-mS匂5J322EZE苦EZ回ZEE-るzdSEEM254nh何回d一司

」州民尚“一吋虫、AU32旬。記長uaE同

『255EちS-EZUF2喜EHL書官官唱EちEEU句官言明書喜ECEE仏

JSE也248hLDEZu旬、伊百昔与さ520dng〈fzmnhz。宅〈。“eSEES

N同門阿IAW員約【h伺【喝mumVH

ト2425宮司-Z官官UFヨ5ヨ百官uコZlads咽ξSEELSu-CHaczz

=υ22ZEE-』吉岡吉宮缶百事222出!凶aaM
一ω豆、注凶EhsイM両省主濯ぱHEU沼

まMmyg岡山岳14a宮、BSGEu壱占一一ada句

吉宮内話一ihaE22司52415u員長CA品目Ea自民

5220匂自由CE2

n-コωuvUM回目

azwdd凶諸喜一言イ5SZEぱ沼宮〈dv-ZEgn刷局、〉戸凶gs'凶425民

243司喜一NEさ625E主者FEEZE-vOAU2614EZS

。コ官包EUEEmwEa宮崎EZ包ぢEEu官2302SEE国doEsa心2520沼

JgTh自主同日小窓同

ミ占EbEト『己uzbu-A喜55骨E自由HUEd若宮旬ロヲzs-unzbWCM
凶

匂当局43pdニロEE白色自宅U-一三四日曙抱月一コua占UOBa宮町三ddq
憐

gt
‘
2υ』む晶的内

コロZU諸問そまSRd
ミE旬、足昆亙ミ吉

ミhvEEFE宮市υ
明

uU5E一円芭島五日皇官E22三喜岳BU旨EAちE音ロ2b6u

ゐughM吾ZGE己ud戸 内22ぬ】80=ga省出制〈205Z4豆、口調EaaumAaE露首官ロ呂

町刊hymNhu肩‘さロ巳Emadc司自

-MF4言FE222吉宮司tctuE白川pgnEtz宮吋担当記喜SEEKZヨ

ιFTE252-221〈hoE包邑巳占メ旦何回ぱmMM2諸国、ZK52契JRFZAE車問的

白書主主語、富NEE--42450占曇522mag

ち芯〈Zコ凶〈出甲南山活寸司




