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Corpus luteum (CL) is a transient endocrinal tissue that undergoes repeated formation and
regression during the estrous cycle. In this study, we hypothesized that the functional and
structural mechanism of angiogenesis is similar between CL and tumor formation. First, we
measured mRNA and protein expression of angiogenic receptors (vascular endothelial growth
factor receptor-2, VEGFR2; Tie 2) in the early, middle, and late phase CL tissues during the estrous
cycle. Ral-interacting protein of 76 kDa (RLIP76) and H-ras mRNA and protein were also expressed
in the CL tissues. VEGFR2 and Tie 2 mRNA and protein were expressed in the early and middle

phase CLs and decreased in the late phase. H-ras mRNA and protein were expressed in the early
and middle phase CLs, but not in the late phase. RLIP76 mRNA was expressed in all phase CLs, and
the protein expression was highest in early phase CLs. We suggest that RLIP76 and H-ras, an
oncogenic gene, regulate the function of the CL during the estrous cycle, and the proteins will play

an important role in the angiogenic mechanism of the CL.
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2] 0] S 918f] 7129] Eto| A =L Eto] §AH]
=t o] & @34l o]} BhH]. B34S Eytke] 7] AUk
B vHEAL, GEAIE(ECs) Q] o] 5t 4 freetth
(7, 9). BTAIRYRIAEL BCE 31310 SUAE 5
v =]o], VEGF, Ao PH A3 R1IZHEGE), W B.2] el o] 91
CH4). 324 Q1 EAIRY IR} 2= VEGFAS} angiopoietin-1,
-2(Ang 1, 2)%5°] &2A It} VEGFAE vascular endothelial
growth factor receptor-1, -2 (VEGFR1, 2)°] binding 3},
53] VEGFR2¢} 2gsto] 2982t 7] 49e] ECE| migration
of FodteH7]. Ang 1, 2= 84191 Tie 201 A4 0= A%t
Sh=tl, Ang 1-Tie 2 A8 = Eato] QHgsfel 4] 9 o3k
SHHOI. Ang 2-Tie 2 A%HA41= Ang 191 antagonists, G
ESPG3teL At ste] ok m Xt} Ang 2/Ang 19 428
O] P EE RISk AR LA ITHIL

A|3E o] FA412 A O] S a8k Bprg o}, S| 7
$-22oncoprotein$l ras Ao 71 484l ral-interacting
protein 76 kDa (RLIP76)°] bindingd}o] doju= G-protein
A G710l ofsl} A 2] 0] o] dojuh= A o' U
A} QAH10]. RLIP76+= TF=22] QI7F 22 of| A = m, 53]
Throf grof A Iptd o] Yofuf= A 0 & el A gieH11-13].
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2. RT-PCR (Reverse transcription—polymerase chain
reaction)

ol A AsFAL BHH| 2 2L RNAiso Plus (Takara, Japan)
£ X]2] 3 RNAS $:Z319/h RNAS] 555 273 5, cDNA
synthesis KIT (Takara, Japan)S % 2]3to] cDNAS 613
t}. RT-PCRO| Z 83} primer+ National center for bio-
technology information (NCBI: http://www.ncbi.nlm.nih.
gov/)ellAl HApeIste] Al &ksteict. g% cDNAS} primer,
PCR kit (PCR premix, Accupower, Bioneer, Cat No.
K-2012, 2016)5 &ste] 7]E 1515 Higo.2 21219
primer®]] %+= annealing temperature®} cycle 4~5 273}
of AAJ8FF L} PCR AHE-2 1.5% agarose geloll #5811 100
V, 20 min7t 271 935-& A A8kt Mupid-2plus, OPTIMA,
Japan). 9&H mRNA2 UVe] k=Z310] Image J software 3
S 1R(NCBI, USA)& ARg-sto] ' of Aol & FATSIGITH.

3. Western blotting

PR RA A 5= 25 pg/ 20 L] s = Aesto], Tl o
17]0f Yi=8~12%2] acrylamide geloll 100V, 0.5 A, 9027+
7195 ARSI & A-E polyvinylidene difluoride
membrane (PVDF membrane) 2.2 transfer %, 342 v &
ol AshE WAsl7] gl membrane 5% blocking
solution®]l B7} 1417+ %541 blockinge AAI8FATH5% skim
milk in Tris-buffered saline/0.5% Tween-20; TBS-T). 2+ 91
Aol Th= AX} &A= 0.5% bovine serum albumin (BSA,
Bovogen, Cat. No. BSAS 0.1, Australia)/TBS-Te]l 1:1,000.2.
2 3 AJ8ke], 4°Coll A overnight W3-8, A 20| A 1 A7} 3=
7} 9F-AJ AT Secondary antibody: 1:10,0000.2 3]4]
shof QPO A 1417 54 Aol A HE-g-AlZiTh Membrane&
ECL kit (Pierece™ ECL Western Blotting Substrate, Thermo,
Cat. No. 32106)2} §-8- ¥ EZ-capture II chemidoc (ATTO,
Tokyo, Japany& ARE-ste] WHEES EIsH3Ich Image |
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Figure 1. Angiogenic gene receptors and oncogenic factors mRNA
were detected in corpus luteum tissues. (A) VEGFR2, Tie 2, H-ras,
RLIP76 mRNA in luteal tissues during early-, middle-, late-luteal
phase were expressed by quantitative PCR. (B) showed relative
mRNA levels at different corpus luteum phases. Bars represent the
means*=SEM. Letters indicate that there was a statistical deference
at P<0.05.
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GA|RA A 9] WY F7H VEGFR2, Tie 2, H-ras,
RLIP769] mRNA &S £413F A3}, VEGFR29} Tie 2+= %
Hzx719} F71 A= 7 stA EEst. o, T oA = EE
o] 7t48h= 7 0 & YebdthFigure 1, £<0.05). Tt H-ras
mRNAE 34| 27]9} F7| Bk S7]oA] Fdo] HAstY
C}. RLIP76- 34571 o] w2 mRNA @Hdof| & Xjo] 7} 22l
w) 2] ghotont, BE A5 oA s A o= eyttt
(Figure 1, £<0.05). VEGFR2¢} Tie 2] "I 4|7} A4S

7] S1efA Do Al Toistr] wlitol] FA|9] &7 Kk
%719} %70l I w1 A 0 7 Vrelytth Eok H-ras7} 3
A 2] 2719k 5710 7oA W == A 0= Hol Ao B3
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GA| Ao A T T O] 7-9- VEGFR29} Tie 22] T
AW 2719 7] GA A =2 o8 TdAstgl o
71 Aol A= o] E]A] grAU Akl T Figure 2, P<
0.05). H-ras T &g 719} 57] Aol A A= Gl o, &
7)ol A= wH ER] o= 7 o & YeRdth T18]3), RLIP76 &
Wye = Y7 ofA] d s = A o2 YepdthFigure
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Figure 2. The protein expression of VEGFR2, Tie 2, H-ras, RLIP76
in corpus luteum tissues during the estrous cycle. (A) Protein levels
of angiogenic receptors and oncogenic factors were expressed by
Western blot. Each protein levels during corpus luteum phases are
shown on (B) Bars represent the means+SEM. P<0.05.
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VEGR2S] mRNA= 27| Ao A 71 =2 20 2 Weds)
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dE7] SIS Mz Ete] B 7] wizel, 2719] A2k
71014 G p8AIE0] oA WA= Ao s Helrh
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23] H-ras®] mRNAS} iAo %719} 7] of| A A E] 9l 0.
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L3tk B 17} QItH27). T3t H-ras= VEGFQ] el kAt
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metalloproteinase-2, 9 (MMP-2, 9)¢] &A% %7}/\]7 ch=
B 7k QleH28). whebA, H-ras7} Aol A 28 7]54
& 7 D A 0= HojA]7| ol A F7H4Q1 °] AlZA S
Eoto] 7L 71E koA Esof & Aol

RLIP762] mRNAQ} thaf 2l 9rs S @E?_ A3}, mRNA=
77 of| w2 Apol= SRIEA] ohok o Thal ] W of A=
27N M =2 o 2 U % A ZI8kSiet ol
o] 3 AxoflA RLIP76 knock out mouse®}t wild-type
mouse®| B16F10 mouse melanoma A2} Lewis lung
carcinoma AJ3EE o]4]et A3g P4 % RLIP76 knock out
mouse?] £ 22]2] 77|, 4|, VEGF ¥4 5o wild-type
mouse Rt AA S| e 7S B S TH12], H Ao A%
2719k F713A0A =& o' Wdo] 1L, VEGFR2

= X271 A 71 =2 o 2 A o] 2fek At
H, o] ahal A of A FRe TS
o2 Azt

2

5
=

=

RLIP76+=

e e
O

12

O 7 FFO| Aol Hofdli= RLIP76L}F H-ras7} %
AIRY T ol o] & 4 QL= s Alskal Qlrk
ARl Thofdh= 8 8A1E0] o529 T
CHA 19 A28 7]-5-at ofu et Fate]
5 otk 7] 913t Qe Apwrt = Aolot whebA, 3
1 = B2 o)A o] A=A Al 2 S F
&0l RLIP769} H-ras7} SN n| x| oJgRe Welsl|
91 g ol qlch

=

=
ke
=

2|
1<
sty
] 24

zl

2
o

rJ

lo A
S~
r.l
[‘ﬂ oz
O

(it

-~

o

o,
% e A

ro, i

]

N
>,
ok M

2 9
%Rﬂ% 75710l whet 431} E3go] RHEE= AAIH ]
2 Aol A= AL T Gy
o] 7542t ?%Zﬂ 7140 fApstthE 7 stol AAISH
A, -2l AT 4=84<1 VEGFR2¢} Tie 2 mRNA
of th 2 -2 HE51SIth. Eoh, RLIP769t H-ras] U
ST 1L AT, x7]9F 7|93 ol 4] VEGFR2%} Tie 2
mRNAQ} Tl A o] W E| Q) O L}, 27|k ofAl= Edo] 7

48k} H-ras?] 7% mRMAS} gl 2l _‘?_1%3_7]9}%7]@
AoflA wrE= L Ur B7)1A M= EJX] Akt
RLIP76 mRNA-& H.E 34|37 MWT‘_%FJ I, e 2

718 A A 7S HA LR E Sk o] A B, RLIP76
2} H-rase A419] 71550l wofdtal, gA|o] Al gaHg o



AUZol 8t dgks o Aot

Acknowledgements: This research was supported by
Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the
Ministry of Education (2018R1D1A3B07048167). This
study was supported by 2017 Research Grant from
Kangwon National University (No. 520170021).
Conflict of interest: None

Author’s information (Position): Kim M, Graduate
student; Lee SH?, Graduate student; Lee, SJ', Professor.

REFERENCES

1. Chouhan V, Dangi S, Gupta M, Babitha V, Khan F, Panda R, et
al. Stimulatory effect of vascular endothelial growth factor on
progesterone production and survivability of cultured bubaline
luteal cells. Anim Reprod Sci. 2014;148:251-259.

2. TomacJ, Cekinovi¢ D, Arapovi¢ J. Biology of the corpus luteum.
Periodicum biologorum. 2011;113:43-49.

3. Schams D, Berisha B. Regulation of corpus luteum function in
cattle-an overview. Reprod Domest Anim. 2004;39:241-251.

4. Berisha B, Schams D, Rodler D, Pfaffl MW. Angiogenesis in the
ovary-the most important regulatory event for follicle and cor-
pus luteum development and function in cow-An overview.
Anat Histol Embryol. 2016;45:124-130.

5. Abulafia O, Sherer DM. Angiogenesis of the ovary. Am ] Obstet
Gynecol. 2000;182:240-246.

6. Benyo DF, Pate JL. Tumor necrosis factor-alpha alters bovine
luteal cell synthetic capacity and viability. Endocrinology.
1992;130:854-860.

7. Tamanini C, De Ambrogi M. Angiogenesis in developing follicle
and corpus luteum. Reprod Domest Anim. 2004;39:206-216.

8. Risau W. Mechanisms of angiogenesis. Nature. 1997;386:671.

9. Berisha B, Schams D. Ovarian function in ruminants. Domest
Anim Endocrinol. 2005;29:305-317.

10. Lee S, Goldfinger LE. RLIP76 regulates HIF-1 activity, VEGF ex-
pression and secretion in tumor cells, and secretome trans-
activation of endothelial cells. FASEB J. 2014;28:4158-4168.

11. Awasthi YC, Singhal SS, Gupta S, Ahmad H, Zimniak P,
Radominska A, et al. Purification and characterization of an
ATPase from human liver which catalyzes ATP hydrolysis in the
presence of the conjugates of bilirubin, bile acids and
glutathione. Biochem Biophys Res Commun. 1991;175:1090-1096.

12. Lee S, Wartzel ]G, Singhal SS, Awasthi S, Goldfinger LE.
RALBP1/RLIP76 depletion in mice suppresses tumor growth by
inhibiting tumor neovascularization. Cancer Res. 2012;72:
5165-5173. https://doi.org/ 10.1158/0008-5472.CAN-12-0468.

13. Singhal SS, Singhal J, Yadav S, Dwivedi S, Boor PJ, Awasthi YC,
et al. Regression of lung and colon cancer xenografts by deplet-
ing or inhibiting RLIP76 (Ral-binding protein 1). Cancer Res.
2007,67:4382-4389.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

28.

Korean ] Clin Lab Sci. Vol. 50, No. 4, December 2018 461

Singhal SS, Awasthi YC, Awasthi S. Regression of melanoma in a
murine model by RLIP76 depletion. Cancer Res. 2006;66:
2354-2360.

. Lee S, Lee SH, Yang BK, Park CK. The expression of VEGF, my-

oglobin and CRP2 proteins regulating endometrial remodeling
in the porcine endometrial tissues during follicular and luteal
phase. Animal Sci J. 2017;88:1291-1297.

Smith MW, Stevenson JS. Fate of the dominant follicle, embry-
onal survival, and pregnancy rates in dairy cattle treated with
prostaglandin F2 @ and progestins in the absence or presence
of a functional corpus luteum. ] Anim Sci. 1995;73:3743-3751.
Farin C, Moeller C, Mayan H, Gamboni F, Sawyer H, Niswender
G. Effect of luteinizing hormone and human chorionic gonado-
tropin on cell populations in the ovine corpus luteum. Biol
Reprod. 1988;38:413-421.

Garcia MR. Leptin contributes to the development of the cor-
pus luteum. Cell Dev Biol. 2017;6:190. https://doi.org/ 10.4172/
2168-9296.1000190.

de Carvalho Sousa LMM, Mendes GP, Campos DB, Baruselli PS,
de Carvalho Papa P. Equine chorionic gonadotropin modulates
the expression of genes related to the structure and function of
the bovine corpus luteum. PLoS One. 2016;11:0164089.
Wiles JR, Katchko RA, Benavides EA, O’ Gorman CW, Escudero
JM, Keisler DH, et al. The effect of leptin on luteal angiogenic
factors during the luteal phase of the estrous cycle in goats.
Anim Reprod Sci. 2014;148:121-129.

Stirling D, Magness R, Stone R, Waterman M, Simpson E.
Angiotensin II inhibits luteinizing hormone-stimulated choles-
terol side chain cleavage expression and stimulates basic fibro-
blast growth factor expression in bovine luteal cells in primary
culture. ] Biol Chem. 1990;265:5-8.

Robinson RS, Woad KJ, Hammond AJ, Laird M, Hunter MG,
Mann GE. Angiogenesis and vascular function in the ovary.
Reproduction. 2009;138:869-881.

Chouhan V, Panda R, Yadav V, Babitha V, Khan F, Das G, et al.
Expression and localization of vascular endothelial growth fac-
tor and its receptors in the corpus luteum during oestrous cycle
in water buffaloes (Bubalus bubalis). Reprod Domest Anim.
2013;48:810-818.

Schams D, Berisha B. Angiogenic factors in the bovine corpus
luteum. ] Reprod Dev. 2002;48:233-242.

Maisonpierre PC, Suri C, Jones PF, Bartunkova S, Wiegand SJ,
Radziejewski C, et al. Angiopoietin-2, a natural antagonist for
Tie2 that disrupts in vivo angiogenesis. Science. 1997;277:55-60.
Mishra S, Parmar M, Yadav V, Reshma R, Bharati ], Bharti M, et
al. Expression and localization of angiopoietin family in corpus
luteum during different stages of oestrous cycle and modu-
latory role of angiopoietins on steroidogenesis, angiogenesis
and survivability of cultured buffalo luteal cells. Reprod Domest
Anim. 2016;51:855-869.

. Buratta S, Urbanelli L, Sagini K, Giovagnoli S, Caponi S, Fioretto

D, et al. Extracellular vesicles released by fibroblasts under-
going H-Ras induced senescence show changes in lipid profile.
PLoS One. 2017;12:e0188840.

Arbiser JL, Moses MA, Fernandez CA, Ghiso N, Cao Y, Klauber
N, et al. Oncogenic H-ras stimulates tumor angiogenesis by two
distinct pathways. Proc Natl Acad Sci U S A. 1997,94:861-866.

www.kjcls.org



