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The role of the renin-angiotensin system in W
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literature review and preliminary data pemsion

Ruofan Qi, Tin Chiu Li and Xiaoyan Chen'=’

Abstract

Background: Implantation is initiated when the blastocyst attaches to the endometrium
during the peri-implantation period, and appropriate neovascularization is a prerequisite for
the success of the subsequent process. The role of the renin-angiotensin system (RAS) in
regulation of blood pressure and hydro-electrolyte balance has long been recognized, while
its role in the peri-implantation endometrium remains unclear. This manuscript discusses
endometrial RAS and its possible pathways in regulating endometrial angiogenesis and its
influence on subsequent pregnancy outcomes.

Methods: A comprehensive search of electronic databases was carried out to identify relevant
published articles, and a literature review was then performed. Using immunohistochemistry,
we also performed a pilot study to examine expression of angiotensin |l receptors, including
angiotensin Il type 1 (AT1) receptor (AT1-R] and angiotensin Il type 2 (AT2) receptor [AT2-R] in
the human endometrium around the time of implantation.
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Table 1. Comparison of AT1-R and AT2-R between fertile controls and
women with RM in all compartments of endometrium during the peri-
implantation period.

LE GE ST BV
AT1-R CON + ++ ++ + /-
RM + ++4 +++ +
AT2-R CON + I 4 .
RM + ++++ + +4+++

AT1-R, angiotensin type 1 receptor; AT2-R, angiotensin type 2 receptor; BV, blood
vessels; CON, fertile controls; GE, glandular epithelium; LE, luminal epithelium;
RM, women with recurrent miscarriage; ST, stroma.
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MonumMopdun3m reHoB NPeaKIaMncumn n cocyanucToro ToHyca. MNMpeapacnosioXXeHHOCTb K TMNepTOHNYECKUM

COCTOAHUAM, HAPYLLUEHUAM naueHTapHOn oyHKUMK, Npeaknamncum, MHapkTy Mmokapaa
ApTukyn: 00357

Maupent
Fo— Mausent Mon wencewh  Boapact
3axas
Moxazatens Peaynerar
Moxazarens. Pesynsrar PedepencHLIi uuTepean
] (YHKLIH, WHL - e a0l corasc) x e D apap - - mcro Sanmees, & memens sapm v §
b PErH BHTWOTEHIWH AN LAGCTEPOHOBD cHETEME! (PAAC) Parpacnorceme . Gepus rmepres B ) AHanuzbl K LUeHbl Aapeca nabopatopui Bbubnuoteka [paBuna caaun aHanu3oe Pe3ynbTarthbl CKUAKK
e Konupyemsii Genok | Nonuse i =
ACE AHMHOTEHIWH-NDSEPALLWMA DEPMEHT 1D (51 S \
; ek it | NauueHTam BpaqamM KopnopaTUBHbIM KnueHTaM
AGTR1 PeuenTop | Tna armoTensma || AC (rs5186) A1166C AA 1 A
[naeHas » AHaNWzbl W LUeHbl ¥ MONEKyNApPHO-TeHeTUYECKWE WCCMEA0BaHUA » PHCK pazenTuA TpomB02a, CepaeyHo-cOCYAMCToIX 2a00NeBaHUI, 0CNOKH. .
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Aptukyn: 00357
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Ten Konupyemuii ¢
ESR1 Peuentop acTpc

CYP11B2

BbifBneHle NPeAPacnoNoKeHHOCTH K HAPYLWEHUAM NNaLeHTapHORA GYHKUMM, MPe3knamMncum,
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AOMOAHUTEAbHbBIE TEHbI PEHWUH-AHTMOTEH3UHOBOW CUCTEMDI

TeHbl, Monynup.yloul..ue pa6oTy PAAC

FeH Kopgupyemeid 6enok Monumopdusm  Nokanusauma —[Pesyn;m' rl.umpp
ADD1 ALLYUMH G/T (rs4961) Gly460Trp GIG 1
000 "NaGoparopun LUMP" cir@cironline.nu 115088, r. Mockea, yn. LWapwkonogwwnuukesckan 4. 13, cTp. 14
101023171753 CrpaHuaua 1/3
MaypeHt Mon meHckud  Bo3spacT

. -
A D D I MNokasaTenk PeayniTat PedepeHcHLIi KTepBan
| oAy (anbdha-anayLpm) — Genok, BXOALLA B COCTAB KNETOHHON MEMBPAHS! W yHACTBYIULA B THAHENOPTE NOHOR HATPHR B KNETHAN NOUEYHBN KaHANGLED

3ameHa G Ha T 8 1378-M NONGKEHAW reHa NPHBOOWT K SEMEHE B SMUHOKWCTIOTHOM NOCNEROBATENLHOCTH MALMHA Ha TpMITogan B nonoxetina 460.

Hanwwe annenna T (sapuaqTel GIT, TIT) ScCOUMWPOBAHO ¢ DONEE BLICOKON YyBCTBMTENEHOCTHIO K MSMEHEHUAM HATPWEBOrD GANAHCA, & MMEHHO SANEPHKE HATPWA,
YTO NPUBCOAT (0CODEHHD NpW AWeTe, GOTATON COMbH) K NOBLILLEHWID PUCKE SPTEPUANLHON MMNEPTEHSMM B 1,58 pasa. AHANWS MOKET NOK335IBATE FEHETHHECKYHD
NPEAPACNONKERHOC TS K CONEYYBETEHTENLHON (hOPME MMNETEHSHM.

Hocurenu annena T NoKasLIBaKT SHAUMTENEHO CHIDKEHHGIA DACK MHCYNETa W MHAEPKTa NPH TERANMA TUASWIHEIMM JAYDETHRAMM.

. YacTora annened: G=0,82, T=0,18
OpHMEHTALMA LEMM: MIEC
Cusnosmmbn: rs113752720, rs52823596, rs61347248, ¢.1378

AGTR1 PeuenTop | TMNa aHrMoTeH3uHa |1 AJC (rs5186) A1166C AA 1

AHMWOTEH3NH || B3AMMOBEACTEYET C ABYMA KNETOMHLIMM PELENTOPEMH SHIMOTEHIWHE 1-ro U 2-ro TWnoB. Med AGTR1 KogupyeT peuenTop 1-ro Tuna,
3ameHa anetuHa (A) Ha LToauH (C) B nosuugin 1166 B perynATopHOi oGNacTW reHa NPUBOMT K YCUNEHMKD E10 JKCMPECCHMN M NOBLILISHWID YyBS TEBMTENEHOCTH
PELENTOpa K aHMMOTEeH3WHY |1,

Annent C cOMETAETCA ¢ MMNEPTOHKEH, MBC, @ TAIONE © PESUCTEHTHOCTHIO K BHTUIMNEPTEHINBHON TEPEMWM. ¥ reTEPCIMroT A/C PWCK MMNEPTOHWN NOBLILIBETCA B 1,4
pasa, a y romosaror C/C — 87,3 pasa.

¥ BEpeMEHHbIX NOBSLILUAETCA PUCK MPESKIIAMNCIAN W DYTNX OC NOKHEHW GEPEMEHHOCTI.

YacTora annenen: C=0,21

Curiormmbi: rs17231380, re3192044, rs3732563, rs386597902, reS9796105
AG
AGTR2 PevenTop || TMNa aHruoTeH3uHa Il G1675A AA 3
temrop (rs1403543)
en AGTZR kofMpyET PELENTOP 2-70 TMNA aHMMOTEHSMHA || W HAXOOMTCA Ha X-XpOMOCOME.
JlaHHES NONMMOPCMIM JAKITIOMAETCH B TOHEUHOH 3aMEHE MYEHWHA Ha SeHWH B noamm 1675 reHa pelenTopa aHroTersmHa || BToporo Tuna (AGT2R).
OfosHauaeTcr Kax G1675A
DEKTOpOM pHCKa AENAETCA annent A. Mpy HanuuMm BapuaHTa A OTMEYEETCH NOBLILLEHHARA YYBL TBMTENLHOCTE AGT2R Kk aHrmoTensmHy |1
BapuaHT A COMETAETCH C NOBLILERMEM DUCKA MIEMAHECKON DOMNESHN CEpaua W OCTIONHEH DEPEMEHHOCTH
TOMOSWIOTHEST BapMaHT AJA SENAETCA CAMOCTORTENSHLIM (EKTOPOM PUCKE, NPESIPACTICNATAMWNAM K NDESKIEMICHH B0 BPemMA GepeMEHHOCTH.

YacToTa annened: A=D.52
OpHEHTALMA LEMM: NG
Cunosmmbr rs58556671, rs17231387, rs17223457, rs3736555

* (haKTOPOM PHCKa RBNRETCA BONee YACTHIA annens A.
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ESR1 Peyenrop scTparesa amwba (@:g?gg} 514G AlA 1

SCTPOTEHS: AEMRIOTCH CTEPONGHEMI IDPUOHIM € mmp,euwn 8 AYRAVICL, FINSLSHTE, KOpS KASTIEUSAKOR K B LPYTHX TUGHAK, M CEXPETHPYSMEIMH E EPOck.

OFB WIZ3A0T EZXHYR0 O 50 PR AT B3PS,

o ESP KoY ST RieTED acTPOrEa ESA1 (E.)  DXGMEIYEToR b €. FPOMCLNE § G0AaCT G251, Pavaspepesi Tesa ESR1 351G (rs3340798),

GrpenenFeMH pecipaiTa Kol NKSIVEDG BTt | TEUSART K BICKEaM0 oy coTparesi;
(T AHSCVTE K DENpOMYKTHSHLIM HaDYUEHHAN 1 SHYUIEDCTAM OCTCHHEHIGM, HEyI3UHSM NOTORDNEM SKO), NOSSIIEHI0 DHoE

Pl o Bepaleuﬂm Hanae nnens G CERISaIT ¢ PHCHOM PRISHTHA CCTEONOpoa

iagTora anneneit G-0.31

OPHEHTALYR e, ANCC
ChoRAL 453351
ESR1 | Peuenrop scrporesa ansga TIC (rs2234003) -3g7T>C TIC 2
TEH ESA1 OUADYET PELIENTOp SCTPOreRa E5R 1 (EF-0) W NOKSMIEIETCR H B KPOMGGORE & DOMacTH 425 1

| Pommsopgwau SR -7C-T (n2234633). npw pacuy yema| Py, NoKaHIEIH E. onacTH resa
[HHTPOHE I) M MPHEET K CHIKER I ELIPATOTYIA PELNTORS SCTRGFEsa ESR1
Fiaiae AnEn C MONST MPHECINTE pcis BepauskicTy, apyrw Tk ot
e 0 2RI -3TT=C Pull) ¢ werLyw
¥ e W KaPfIL=HVRA PaCOTL! FOPMOHCE.

\acTora annened: C-047
OPHENTALMR LEm ANoC

CHAOHWMEL C453-397 T=C

-78BTIC
NOS3 Cumrasa oxomaa asora NOS3 (e2070744) TIC 2
TICAHMOHaM HEEGINTCA 8 NPOMOTOPEEN CON3ETH. Han F T [[E WEPADKTCM MHOKSRIA
‘CR3suoM KOPOHIPHOR BPTEDHM, 3 {OCTH - ¢ PHCECM W Apyriec Ky
[OK353H TAHE CERSS 3TN0 E3DHANTE C PHCKOM PRIEHTHR apTpHTa n HENEIE, QIHIN0 KATKE
MY TR e AENETER TEHUISIOR B0 BOSIASEH R
4acTora annenef C-0.29
DpMEHTAYR yenw: nnioe
CumokMMEL C-813T>C
000 "NaGoparopms LIMP" sir@cronkine ru 115088, 1. Moorsa, yn. Wapmeononumnsssosckan o, 13, orp. 14
101023171753 CTpasgE 23
Maupenr Mon mewckwd  Bospact
Saxas
Mokasatent Peaynetar PedepencaLs wiTepsan
G304T
. NOS3 CuHTasa oxowna asota NOS3 (rsi7o8583) Glu288Asp GIG 1
THATAIA ONCWAS 38073 3 SN0TENWAGHEL KETOR YUSCTERST B CHFTTESE ONCWIA 33073 (NO)) S#I0TENAEN. T3 E0Th B PeryTIFLJAN COCYBACTOrD TORYCA. KDOBOTON W
aprepuansos SaEne
T3 B HYIEOTATOR NCCEA0RATENHOCTH G K3 T 5 594-4 DANGKEHA NPHECEHT K SIMEHE § SUVHORCAOTHCR NCCTIEACEITENLHGCTH MYTEMINS H3 SCTapa

B 285 NCaup. B PETYILTaTE LEMO CHIKGETCR KOHUSKTPALMA ORCHAS 33073,
Hafee HEGIONEHATHOND SANEA T CERSISIIAT € HOBLALIEHH:IM PHCHOM PIIEHTHA APTEPHANTLHOR TWIETOHMM, MEC, WHOIPTS MIHOKIPLA, PaSTHELY
HPYILIHR MPCBOHMOCTA DSAIA. Taiom= AMNere T ACCOUMMPOSEH & DRCKOM [IENTHR BCNEaHN ATbLFEAME|

Pcmopdman NOS3 GE24T CHRESBIIT © PUCIDM CTCRORHIR ITALSHTE: W P3SSTHR TMNSPTOHMN 52 SP2NR CPeUesoCTI.

“acTora anpened T=0.24
OpUEHTaLWR em e

ChromE: CEB
VNTR 4bida

NOS3 Cuwrasa oxcuna asora NOS3 (rs81722008) Intrond. 4bida 2

TEH NOS3 [chanGaiEH £ UETSEPTOM WETTIOHE TEr3 (DEPUSHTa SHISTEMNGRLHON CHFTSAE] DRACH 35073 3 [NRC GHIGE SYTTGGE 3] GYRKLPISR STora (apueHTa

FENRETCR SPSBOTES CRCHAA 23073 (NO)

Tomwopdman npencTaenieT colioh HAIKE NOBTOpCs VNTR & reve. BApWaKT 43 OXHaNaeT 4, 4 - 5 NOBTIPOR HYKNEOTIIHLX NOSNEACESTENEHCCTER & Fesie

NOS3

HOGHTNLCTEC Gof1ee PRKorD ArIens 43 (W eHoTWTa £2/43) RNASTCA JRKTOPOM ICESLISHHOTD PHCK3 PSSHTH STEPOCKIIEPCS3, MUSUIECKDA CONEsHH CEQILE

W HHCDIDATA MMOKS[YIZ, 3 TaKE COCYGCTX CENCHHEHHA NDH CAXIPHOM AHACETE THNA 1 H 2

uacTora: 40 - 0.8
o 1 - i annens, - aners
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Roles of Nitric Oxide in
the Regulation of Reproduction:
A Review

Yuxin Luo™, Yanbin Zhu®', Wangdui Basang?', Xin Wang', Chunijin Li"* and Xu Zhou"*

! College of Animal Science, Jilin University, Changchun, China, 2 State Key Laboratory of Hulless Barley and Yak Germplasm
Resources and Genetic Improvement, Lhasa, China

Nitric oxide (NO) has attracted significant attention as a stellar molecule. Presently, the
study of NO has penetrated every field of life science, and NO is widely distributed in
various tissues and organs. This review demonstrates the importance of NO in both male
and female reproductive processes in numerous ways, such as in neuromodulation,
follicular and oocyte maturation, ovulation, corpus luteum degeneration, fertilization,
implantation, pregnancy maintenance, labor and menstrual cycle regulation,
spermatogenesis, sperm maturation, and reproduction. However, the mechanism of
action of some NO is still unknown, and understanding its mechanism may contribute to
the clinical treatment of some reproductive diseases.

Keywords: nitric oxide, reproduction, animals, female, male

1 OVERVIEW OF NITRIC OXIDE

Before the last century, NO was considered a simple inorganic molecule that is toxic to living
organisms. In 1980, Furchgott and Lawadzki found that vascular endothelial cells can produce and

release a vasodilating substance, an endothelial cell-derived relaxing factor. In 1987, studies by
Palmer and nthere chnwed that N ic the vaendilatine enhetance releaced hv vaccular endathelial
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FIGURE 2 | Nitric oxide is derived from its precursor l-arginine and is primarily localized to the nerves and endothelium through the catalysis of neuronal NOS
(NNOS) and endothelial NOS (eNOS) following upstream stimulation, respectively. Nitric oxide diffuses to local smooth muscle cells, where it activates guanosine
cyclase and then converts 5’guanosine triphosphate (GTP) to 3', 5'-cycloguanosine monophosphate (cGMP). In tumn, cGMP activates cGMP specific protein kinase |
(cGK 1), which produces ereclions via downstream effectors. CGMP degrades in the calalytic action of phosphodiesierase type 5 (PDE 5) to produce inactivated
nucleolide GMP. PDE 5 is a molecular larget of PDE 5 inhibitor therapy, which enhances nitric oxide signaling.
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FIGURE 3 | Dietary arginine can enter cells through the Y + transport system or be synthesized endogenous through the arginine-citrulline cycle.The red arrows in
the figure indicate up-regulation or down-regulation of cancer-related NO metabolism proteins, resulting in a net increase in NO production. Tumor cells promote NO
production through the following pathways: upregulating NOS level; Increased arginine transport;ASS51 and ASL levels were increased to improve the availability of
arginine for NO synthesis. Or reduce arginine metabolism by inhibiting arginase The purple arows indicate up-regulation or down-regulation of cancer-related
PROTEINS associated with NO metabolism, resulting in a net reduction in NO production. In addition to limiting NO levels, inhibition of ASS1 and upregulation of
ARGZ may also support cancer metabolically by increasing pyrimidine and polyamine production. Anti-cancer NO related strategies to increase NO level are
represented in the red box, while stategies to decrease NO level are represented in the blue box.
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