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Abstract. Thisstudy aimed to investigate the polymorphism of matrix metall oproteinase -3 (MMP-3) gene and its expression in
the serum of infertile female patients received in vitro fertilization and embryo transfer (IVF-ET). To do so, 100 women with
unsuccessful IVF-ET (IVF) and 1200 women with successful IVF-ET procedure and clinical pregnancy (IVF) were included.
Genetic polymorphism and serum concentration of MMP3 were investigated by ARMS-PCR and ELISA, respectively. The
results showed no significant association between MMP-3 gene polymorphism and IVFET outcome among the two groups
studied. However, a significant decrease in the concentration of MMP-3 serum in the IVF group was observed in comparison
with the IVF* group (P=0.000002). Moreover, we showed that the serum MMP-3 levelsin CC, AC and AA genotypes in the
IVF group were 33, 65.33 and 86 ng/ml, respectively. In conclusion, while there is no significant difference between MMP-3
promoter polymorphism and IVFET outcome between the IVF* and IVF groups, asignificant decreasein MMP-3 serum levels
in IVF group was seen as compared with the IVF*" group. It could be also suggested that the CC genotype is associated with a
decreased level of MMP-3 serum concentration and may be associated with IVF-ET failure.

Key words: clinical pregnancy, genetic variation, implantation failure, infertility, rs632478

Received 13.08.2021/ Revised 29.09.2021/ Accepted 19.10.2021/ Published 20.01.2022  VF++/V /e Lol VF- /o VYV 2 o p0 VE- o[ VIV DLl VF- /- DY il o

242/¥¥Y



Mergji Masouleh et d. Association of MMP-3 promoter in vitro fertilization _alKi,b;l i) azcs s MMP-3 j5g0g 5 bl )| o) Ko g dguile 520

slaw ;1 (Zhang et al., 2017; Bielfeld et d., 2019)
A diwly sbaslasgy 5l loolgils jlosignallie S sl
o ond aslid gla,lisly S ages LUly o5 eos oo,
5 LKL e, DS Jold sl 7z, 55k
Pro- mzlsy Sjpe 4 jlsypslie wSople Glap s
alp cov bapsl pad Jb s cel Jldné MMPs
Ty Joke s 0 b9 Joko (49,0 (Jshw z)l> 50 Sidetiy
loonisS oo 5 LMMP (Yadav et a., 2014) aso
S3L ey oplps 5o Cadlgdy i dea5 o S)n B oo
9 39,5 5O S dieils oy Sl 10 S5 Ol aS o
Sosaet d., ) sl iz psS5 ly wallas Lams S sl
V- ey il 5 (MMP-3) Y5lissg ol oS5 5l (2017
6,358 MMP-3 5 alewg 4 olusl jo «Steomelysin-1)
sl 695k 595 » MMP-3 (5 e93909,5 oSl g oo
5 0951 Ve gl g o)l )13 (11022.3) VY ojleis pgieeg,S
ceb MMP-3 (Karachalios et a., 2016) el g 50l 4
oS 5le 0 0gzge SluS 5 ple g 4l lad Gl DS 428
sy ple ole G ulp odle 005 0 Jolw 7,
Syp0 w3l ol bwg MMP-9 3 MMP-1 1 MMP
@l Sl ;0 5 95800 lo yregail log il slaJobus
Sud o Seidligds 5 pes (i (RF Y dlex I Shal>
J=le 5o oy alee éLJI (&l adgl Jole o G.'.‘j
oS oo Wl s g 0k e slae 3 g glo)b 2k
Syl elign &Skl 4 4axg L J(Liu et al., 2020)
pdyga sl 010 (S AY WLl o cege GBS Sl llie
ool oy p (Sl alie ol g gl o g n onl )
Comex b J”L.J)‘ o “-*-9,5 ﬁl’.d‘ Slidsd asel ales j‘ el
L Y-onSgl il o) TA040L (and g0 b a5 olo jlis (lpls
Jes gy cov o Shlaw 55 omir b s iyl
oy ysbate & 3525 ol b Lol sl ol e cilazs 5 SV
Slocaasd b Cumex 51 65,5 oldie 4 g mll @
o owmes (Wu, Lee et dl., 2019) el L5 calise
+1730 ) pedygoich a5 ol lis Slalllas yas Cunex
b yg0 s g Yoryie il oni S 5 1SA986938 (G/A
b JsSdgb 45 e 90,90 oS o5 6165 (€.919 A/G)
L oley o b5 40 FSH G pov 40 loess cirs Fewly
1o ok e (Motawi et al., 2017) coul ol o IVF
Jled Comez jo aliZe Gla)) pad e b bLS,IL adad

doddo

e 9l s lie Ll g s @y (i JSiS

L (S5 el adgs gloye p3 0jls (K gloye 5 05
@olre 3l il gy Jemily (Jloy (Sa3slsdyoe Sliogas
Soeal Pl o) Gy g o> 1o 4 (laog)s 5 (Ll
S0k Slr el D508 0 AT S (U5 0 (Byb 5l e
Py ot GRS > 50 00l o) S (o FAY 5 SesS
20 Pl bl gl oS oo Ll i S5 S
(el g5 pos 5 (59,0 aey Wi oo 398 3,150 51 o
4 6,96 (Matzuk & Lamb, 2008) oS olxl ol 81,0
@ a8 Ceload G yei e adg el PSS Glge
phie oz o)l oo VY 5l Gy 5l00L 50 Cudise pus
L, «(Kitchen et a., 2017) 33,5 oo Dbl (6T el e
OIS pgyin (S5 Jelse Jolts (5)9,L0 ol e 015
(PCO) Polycystic Ovary Syndrome .S L
Premature  (sy09; (Swdl) e wyos; olo)l
opd  ials  (POF) Ovarian Failure
el (DOR) Diminished Ovarian  Reserve
P92 B slaglen by (w2L2l) SSbgsl (59,0
N (Sl () Sezw OS] yioren A
5 o5 ¥gn GRIBl s Ay slaglrial ple g sl
Hung &t ) sea 35 ()65 )5kl 0 56 o>, o SIsil
Y 6ol b e Plus o 3 slaans o @, 2016

ess

30 U8 g e (V) 55l aile a5 conl ools ) o oS
s (VF) In Vitro Fertilization _csias (5,9,L

Assisted Reproductive s, oS slassslesss
5 lowass i BT (V) (ART) Technology
YL o slass BT 5 659l sl 3290 slagleys
i Gyl eSSl geer a5 Jlo YO
aw yo Lonan L) (Plaseska-Karanfilska et a., 2012)
GuF bey boless Sops (1) sbls Lol als e
So3S g el gl (V) ()5 St j5laie @y (g 550l
(1) 5 sk A alojo U 09005 0555 5 olSles] Lo o
Seben plml jole o>y JBIs 4 ead QL) e Uil
5l silisee Jolge (Suzuki, 2014, Zhao et a., 2011)
5 oo Ooywden iarl Fo baggesee alex
slasl i pols Jolts ilids slo ()5 5 (Glusl g Fgsls
5 HOX (slagsj o) 00tiS lom y5516 o0 Sl oolils
Matrix Metaloproteinases lojlosgpglle LSSl
s s ¥y 0 MMP-3 4> 51 (MMPs)

243/Y Y



Nova Biologica Reperta 8(4): 242-252 (2022)

FedoSes Vere ) Bl g S Vel Jlade w5
ey b Sy yilo )0 ABBS Y e @ s Lol Gl 4y (55
V50 g S Vee e laie Toasme il osls L3 IPM £e e
S ol 50 A8 80 ¥ Do a5 ol 00938 euilenBly g &
3yl T s s ool I3 rpm £ - e
Vo SDS) wlidgw Jows g0 mdw yidg S Foo ¥ 8L
S8 661 sles jo aiBs B o 4 Wb 03958l ] 4 (G0
P 28 Jole s Soe Vo ol 4 e (288
Y Soe 4y g o g3l () @ p 8y IS 2 Se B0 e Vse
dw g b odls LIS rpm £
FdoSen Vere g ad ilalaa g, Jolowe il JuSas 56
30 480 ¥ e 4y g ol 00938 )l 4 sy Ve s el
Joloee e e 03ls 1B TPMAY e e oy by 590y il
o TE L L shie OF 2y Soe 00wl a3, 599 (29,
J>lye pll sl o 00580 (] ,o DNA o J> jglate
RNA & cos Sodl 5l g)le 0l DNA sladises (som
P9 S O e (JSI JolS” jo5e 5l ey pslare (oo il
s Do 4y g b LIl s See a4 TE L L jhais O
500,5 J> ol o DNA b o ools 1,5 561 sleo jo el
DNA (ogls 5 5 (oo ()2 ln 9 2 5 Lo RNA
(81 55599550 aoyo) 5T 5 5l ead gl o
app o el gl DNA  as eolanl
DNA Jsloxo Jlpo (nl plol 5 gy 0l (550055 ol Kl
Gustincich et al., ) ol Js8g0 Slinlesl jo solawl solel
(1991
(PCR) (531 oy slo ooy (5519 plenif

Sdjgacsh aabad (sgime (5 edgume IS (sl g cnl 5
sl Jls L Forward ol ¥ Jolis sl ¥ MMP-3 5 5o
FWD2: 4 FWD1:CCCCTGCCAAGTGGCTATCTC
Reverse .1, %, 5 CCCCTGCCAAGTGGCTATAAA
REV:ACTTTTATAGTCCTCTTGCCACC s L
N1 ity 51 esliiad b jaily bbb slb
(http://primer3.ut.ee lis 4) Primer3 version 4.1.0
NCBI/Blast cylu o Blast cous plol caslsl o s plov
o & bS] & ad Job leabl ol 5 285 &0
@ aaldl o gh i Jatte Gl pgiy ) (polaisl e oSl
ARMS-PCR) iS5 5 laussysg 5 b il ool jsliaie
S ISB32478 b g0 Ly ol (pury g Cagzr 0090 3 oolaa]
5 olye 0s0, ool ARMS-PCR zisly 5| MMP-3 5
A JT & boye (55 Sl iS5 cqzr Sl 0y9e slackile

Sy b

e b Soudy ile jo 4B S

>, Ve

OF ) YEYYOY o olad h alo o s psle s cng sloazily

Sgmg 00is i ol b 45 Cesl 435 & yp0 3 oyl
5 GDTML sloj medisedh om b bl
Tajdli et) s ol Jloois Coxes o IVF-ET L GSTT1
@., 2021
Sl b o Cuddge pas Jle tn Jals l (e ads
Wl jshte a0 plpl cwl s Jl g eotas W
SLO) o Fmae Tl ST Cudige Wil 5 CudS
bilsigpdle Sl Gozmed (FaY Gy, 0 3o
LLi)l 850 50 Gon uizmed Cwl Sl [l (MMPs)
3 Lo 5l (pam 4l slasinl g (555 lapsd 90 L
G oaxg b oplple 0gd o wgume Connly Coln ale>
O Gz cpl 0 iz wFAY anld MMP-3 s
ond sy iz JUml g egtas W ani b g o o

L gy 9 lge

5L MMP-3y5 i ghy sy g ol Gados ol o
Ob5 ol 05,5 50 2 o g Sl (g5 Aiged 09,5 99
S okely 9 by et pasid & Lo a5 wog (,9,L0
05; ..\4;39.1 OQ; odLﬁ.';.wl 695 6)5)l.:l; QLO)Q 6‘)’ IVF uws)
kil o (Sl IVF 5l o a8 aiogs 55,b6 o5 Vee Jolis Jo
25592 5oLl 0y Vo ol pgs 09,5 5 IVF) a3 5 & )90
Sole, LUUVF) Gog eniis g)lo,b a0 3350 IVF 5l aws oS
by Gabl aass 398 i p5 g SUS! Jgol 5 o)l5e
G Gleye dnge 3l asdlas 5)50 013l 9> sla Aiges
4 g ob agd 098 50,0 5l Jame (53 i e Voog0
CleSogg jo e bdiged (ol aisd l Cules jslaie
sladyd was S EDTA (EDTA Coated) o4l
59 o095 DNA zl sl jslate 4y ol 3l 95 sol> oS> gi
QLf..iLc)',‘ Jole adS ol ools Ll,8 of Tl ax,0 -V 5,8
sbwl Hlas 5 g (IS Jgol 28,5 Sl o b aslitiw 4
s slieh lawg ojgn (nl ccwl eul plxl Leial,
b."é)L&l oled b ollae 9 gl VYAP/-0A o)l L oKl
ol o ploml (S aradlel) o Sy yoe
095 DNA ! yseiwl

Py bawgi ol 53 ame (55 aiged | DNA &l el
A bl JSGgy b illas 5 (Triton X-100) ez - 30

SISl axy0 -V 558 5l 95 Aiged zg,5 dwgp (nl 5o

244/ ¥¥



Mergji Masouleh et d. Association of MMP-3 promoter in vitro fertilization _alKi,b;l i) azcs s MMP-3 j5g0g 5 bl )| o) Ko g dguile 520

> MMP-3 clale oS s ol ools 18 ol Kl a0
Abcam, Cambridge, ) 1Y cuS lawg g 1Yl lhwg oy
sl » 9 (Abcam Corporation, ab189572) (UK
A plowl o8l Jeall g
&bl 30T

Med 1381 05 X2 oge3] 51 eolicial b g ol Jelows 5 43526
Sezg pae b bl o i jsbaie 4 YY,0F 5,5 CalC
Cuidge 9 MMP3 5 1632478 vdyg0 by oo bS5 )|
alold 30,090 L olper 1 Slee uilis s ol bl IV
agesl 5l eslaiwl b laools o acwlxe a1 (C) Lol
ol G dle 3 (ANOVA) il lg 5061 (55 050
el 5 45525 9,50 (Cl) ao )0 A0 laedsl alols 4 (OR)
0 e bl a5l /0 ) S P lade s 513
UL S

MMP-3 515632478 omigis Slolyd owyy

cl Boyb 5l Bge o)) IVFT 50+« aalllas (ol 5o
W @b 5l @Bl b IVE 5 Ve g (egas
axly oDl ol5T olStils BB cilsd b illas |, (eian
IR sip 9590 S oBiils izmen 5 Dlidod g psle
ol ol oals 00,5l Y Joaz o oyl Clasie a5 mols
MMP-3 ()5 632478 (red )50 by 15 sl (roesd Sz
qomad ygo by ol 50 ab eolazul ARMSPCR S5
olaizl &0 4 Reverse s Forwardl o, Jlg cas
Sz A e S5 ) L i VPP b 4 A ol ST
T solaisl & 50 4 Reverse g Forward2 !, Jlgs
A aS e 35 5l chs YEP b 4 C asl e
55 9 T Slol el oo ools i ¥ g ) sl S
IVF 5 IVF* 513l .0 MMP-3 - 1632478 qus 50 L,
5 MGl @ bgrye Sledlbl plas 28,5 15 oy 950
IVF" sloog S sy (Cl 0o,000) ] 4 by e OR 5 Cussss
sl 00 &)Y gz 0 IVF

S AC AA Clacuisy gl a8 ams e bt o ylel 50U
9 00,0 F g doys FA oy FO s 5 wlVF o985 ;0 CC
Dy doyd Vg duo,oFA e, ofY cui g 4 IV o5 o
oSepl a4z g b oplpln el Cess 4 P= o VY LXP= 150 o5
2 S e glis 4 ams o lis (g )lel BT wgy P>4/40
pcygaisly 58 IVE 5 IV 055 50 o iy ol @i
35 M sh3 ol odle s 5573 MMP-3 5 1632478

sealp Y pl Master Mix 51 pl sy 25515 50 50
L) Reverse ,ol, 51\ pl (@ pmol/pl cdale L) Forward
I F Ul g eois zl,5wl DNA I pl (0 pmol/pl clale
maahd 0S5 e ol ol Vo Ul ez 4 ojigs ke
Master 5 \. pl by sl o C Wl ay byye G5 sl
Vol () e pmol/pl edale L) Forward ,ely 51V pl Mix
DNA ;I f pl v+ pmol/pl el L) Reverse ol
00silu, Yo Ul oz @ 0590 e O F I g oo 2l
b ool 13 ISolage i oliws (90 (2l Jly b
05 o TSB32478 b ygoihy (ow)p cuz PCR 25Ty
Cyyo & REV s PWDL ,ol, Jlg ci> MMP-3
SIS o iS5 ) 5l cdz VPP b 4 A T ol
Coyo 4 REV 3 FDW2 ol Jlg cir oeizes
4 0SS e 35 ) 5k cas YEF b 4 C T colass]
alie C g A T )5 ouds 1555 PCR Jgame Jsb aSayl cle
3o 0,5 eolatul MUItipleX sy, 5 olgs oo diiwn o2
55T U5 9y 5 D¥game 5585280l 5 PCR STy ploxl
D5 geR i 58 A ool odaliv slawly Gobb o 0¥
SsSeigen i 5 (AC) sSs e cuisis (AA) ounb
i yuly les Lula b 23Sy o .0d saslin (CC) cilige
50 g B O Soe 4 ol Ksle ax e AF o planl o
az,0 F 0wl gile cululy Jols 4z, YO sl
ax,0fe 0 DNA @ ol Jlasl sl $r cow 4 o Kl
VY los 5o poulpy SoS & Loy ali Fr oo 4 ol Sl
T 1 - I ARV Be S
G g 480 B Do 4y o Kl az 0 VY slos jo oles
wobed s Gl gl ol bl ol Kol a4z oo
e g Sota JyuS Giolesl b pe 50 5 LS5 L Y e zasTy
(Zhang et a., 2020) o bl 55
29 Gy b MMP-3 glagniigy g p5 ol
(ELISA)

05,5 95 & pro > MMP-3 o5y mlaw oy S
2 sheme 53 Wised 5 ags e xS Wised IVF 5 IVF'
YooV Soe d g o disu, golasil ws ool W3l slaalyl
YY hle oy 50 4a8o VO-Yr Do b g 3b1 sles jo aido
oyl sgi sbml s> asd b cd 5 L8 o Kby as o
590 b Semtn il )0 aBBo VO Daw 4 ouds A 95 (g9l
Sy90 gl o dl> o Cpl 5l o a5 Wal eole LA TPM Y. .
L g 5l 050 prw g9y 5B g b JuSis 1 g Sl
Ve led 5o (o ey Bog S g0 2 oy sladiged 0 S

245/Yf0



Nova Biologica Reperta 8(4): 242-252 (2022) OF ) VEYYOY oF o)led oA ol i pole 50 g5 slaazily

500
400

20N

200

—— 366 bp

100 (bp)

g Forwardl ol el 5l oslinwl LA T L355 saims (ylis a5 ao,0 ¥ 5,87 J5 g9, » 632478 A/C s 50 L AS-PCR Jgame =) S5l
Al 0dd iS5 dndad oaies HLES VY LY g0 ¥ Y slaSaly 5 JoSUge 5,k yme M ool Reverse

Figure 1. Product of AS-PCR of rs632478 A/C polymorphism on agarose gel 2% of which shows that alele A is

amplified with Forwardl and Reverse primers. “M” represents molecular marker and 2, 3, 5 and 7-12 are amplified
bands.
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Figure 2. Product of AS-PCR of rs632478 A/C polymorphism on agarose gel 2% of which shows that alele C is

amplified with Forward2 and Reverse primers. “M” represents molecular marker and 2, 3, 5, 6, 7 and 10 are amplified
bands.

adlas 3,90 IVF 5 IVFY 055 g0 ol 3l Glasin - Jguz
Table 1. Case study information for IVF* and IVF groups.

Age Average Age Range (Y ear) Number, Studied Groups
3247 23-41 (n=100) IVF*
326 24-40 (n=100) IVF

IVE G IVF sl 0 MMP-3 5 rS632478 (b )50 L oisi 5 T Slsl3 s =¥ Jgur
Table 2. Allele and genotype frequencies of MMP-3 gene rs632478 polymorphism among IVF* and IVF groups

o =100y IVF =100) IVF*
(%) n (%) n

050 134 67) 139(69.5) A'Lde

' 66 (33) 61(30.5) c
Genotypes
0.72 43 43) 45 (45) AA
48(48) 49 49) AC

99 6®) cc
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IVF SIVF 055 90 0 MMP-3 (555, clile 5l Jol> mbs - Jgas
Table 3. MMP-3 protein serum concentratiosnin IVF* and IVF groups.

IVF IVF
62.82 ng/ml 45.28 ng/ml Average
14.64 11.95 SD
0.000002 0.000002 P-Value

IVF 653 50 diliee iy aw ,0 MMP-3 oo clile aslis -F Jguo
Table 4. Comparison of MMP-3 serum concentrations in three genotypesin IVF group.

cC AC AA
33 65.33 86 ng/ml Average
7.46 15.43 13.82 SD
0.008 0.008 AAVAC
<0.00001 <0.00001 AAvCC P-Value
<0.0001 <0.0001 ACvCC

Serum MMP-3 concentration in IVF positive and IVF

negative groups :ig E‘:SL':I‘“’C
5 g
80 1
70 1
m {

MMP-3 Concentration ng/ml

Groups
b awglio 10 IVF oy 5 sladiges .o MMP-3 o, mlaw jo g JB il 3l IVF G IVET o8l o, ;0 MMP-3 clale avslis jloges =¥ S
ol 00l coaline |VF’ 05;

Figure 3. Comparison of MMP-3 concentrations in the serum of IVF" and IVF subjects. Considerable increase in
MMP-3 levels has been detected among IVF* respect to the IVF groups.

MMP-3 genotypes and serum concentration (ng/ml) in IVF =AA
negative grou = CA
g 120 - 8 ERoRg mCC
z
£ 100 -
g2 - 80
SE
—— 60 -
52
g ik
§ o K
% 0 - 1
Groups

IVF 05,5 1o Gliee slo coigss )0 MMP-3 oy cdale anslin Jloges -F g
Figure 4. Comparison of MM P-3 serum concentration in different genotypes IVF group.
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05 99 SLopasdygach (&5 Sl o Sleiiay (ruizmen
Codbge olhe 9 TNFO (-308 A/G) 3 VEGF (+405 G/C)
S9zy & lolias bl )l ¢ sgiae i (b jo iz (uFeY
56 4w o sladlas (Boudjenah et a., 2014) sl
Oleys 3l Jolo 4z 5 2 (09599955 Slapnd ook €l
w3 6536 a3y 0pal 45 ol i ol amti
Hongetal., ) oo opis Jasl IVF &,k 5l leys il b
ols las jae Camez 40 ool plodl Wlids asxas (2011
oS o5 (#1730 G/A) rs4986938 (s g b 4
rs6165 (€.919 A/G) wuud g0 ks 5 (ESR-2) Y-y39 il
Follicle Stimulating  JsSJsé 45 e (90,98 033,55
4 olawess dwes b L (FSHR) Hormone Receptor
Sl olpen AVF L by cos by 0 FSH G pu
s Motawi clié= mls o (Motawi et a., 2017)
5 (Gleicher et d., 2010) mls ool slsl, o Ll Ken
A o Vo0 Jlo o oudise .ol (Broer et d., 2013)
(ESRL) -39l 00inS 05 pedysosh 535 5 aslllas
U5 592 ymegail 9 1SO340799 (s g0 b oy 45 Gisls ol
25y S IVE L gl cod ol eizeen 5 59)L0
Sl ogmg blsyl wlias sl LT 0 Cawgiadl
(Paksulin et al., 2013)

S5 0 adlae 5,50 slo SNP a5 ols lis gl andlas
JBIVE Jee flojs cow a8 ,g,L0 ollew 51 S5 Comas
oie Sl cus p alfaz b osjan 00 e wilasd §
ool caws 3L ewdy W iz o ¥ aY (b )bl
5 6ok wldlas (Patounakis et al., 2016) s o  Klol>
Jlod Comez jo alizre Glo)) padyge s Bl L alad,
Oebizee 3l 29,8 Ollllas axe S el 485 Sjg0 o)
LGSTTL s GDTML (sloyj punsd ygo sy oy a5 ol lis
3,1 3529 (gl me bLs | lpl Jleds Carez o IVF-ET
59 s 500 pdiize aallle a5 (Karimlo et a., 2015)
o) Sl PSS Slapandjpe kL)l L ak,
Sobasl 5,80 6353 4 355 Laiw ;0 MMP-1, -2, -3, -4
as ols Lz Idiopathic recurrent spontaneous abortion
“pdy90 sk s MMP-2 (5 509 <735 CIT s 90
(Perezaet a., 2013) s,ls s e
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s L MMP-1 5 rs1799750 s 90 L ¢ MMP-3

ORI s Sl S g a4 el (Ses MMP la5
2 Ned Gl Glacerez jo e by jop ol
bibrs 5l MMP-20 15 rS9787933 45w sualive « i
Wang et al., ) s)ls lowss gl a Mol Hhas g9, »
267  udygo s a5 w0 ol 6,50 adlas (2015
Skl 5 sl wdyiy al>pe L MMP-3 (5 GIA
Cardoso et al., ) o)ls (5,0 cixe b3l 59 yiegail 4 o pe
Y Lo o wlo,S o) YVO g, p aslllae axs (2019
5 MMP-8_5 rS2500013 C/T quid g0 s a5 ol oL
Syso & oo MMP-27 5 13809017 T/Cpunss g0 s
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Silosine Dol a5 slo lid Lo gl 5 pols (6 asdllas o
05,5 50 o Ml G mis 5 sl Sl @iy s
3575 MMP-3 5 1632478 b 50 Ly ;o IVF 5 IVF'
0.- (2252070) usd g0 s a5 030 ,S slgiiy (pudiizee 1,105
ool caws 1 el cl (SeeMMP-13 5 77 A>G
s iz ol WS se Ol &S s Rl Sy
oSy ol cws il glp caduis osdlly (eSS Wil
oals lis (de Araujo Munhoz et d., 2019) ol aJsl
05 Fseon 4>l ;o 1607 Cosde uidyga by a5 Coul ons
Sl o sl b3yl s etz daies b cesl (See MMP-1
05 Feeon aml o CISB2T ol s dy ol (e
Dos ) asl aslas coleas! ols s 1L bls | MMP-9
SNP a5 ols glas Koo wlallas zbs (Santos et al., 2004
o5 (s11225395) ; MMP-1 5 (1s1799750) (sl
o B oz 2FGY ) sy, 2 ez b 4 MMP-8
. MMP-8; (rs11225395) _ybsbla ol opdle .i,lis
s MMP-1 .5 (rs1799750) . MMP-1 .5 (rs1144393)
ez biw s sl S, MMP-3; (rs3025058)
de Araujo Munhoz et a., ) c..l osseointegrated
a5 ols las ,Sus liisee dslllae Lo 5 40 s (2019
Foogn 5S pedygacsh o5 wa3 oo (LA @l (nl pedyga
Wil iz bk 6l b ble S wilgie MMP-L 5

.(Godoy Santos et d., 2008)

249/Y¥4



Nova Biologica Reperta 8(4): 242-252 (2022)

P IVF 055 s MMP-3 (oo v 53 (25 JB 2alS
355 n 5 S a7 prizmon 05 saalia IV 05,5 b aslio
5 Zel ol o MMP-3 o, clale gals' L CC sy aS
s ool Glp sl Lo IVFET ans b el (Ses

ol 5l JaS s i hlem b paswy Sldllas

S 5 Ly
axJlas Q{| r:l;;.il Y ‘5:|54L) r:Lo.'a' 3 ol 3 ubb 59

oBisls jo chwgh b opl oed Sas aib ) Ken
—oli i g pole axly oDl ol)'] oBisls (6, b g LS

plos 51 ol plol <) —jee 590kl lays dmge 5 Ol
5 05 Wlegas Wogal 6,k 7ok ol ol 4o 1, Lo a5 g0l 3l

REFERENCES

Anumba, D.O., El Gelany, S., Elliott, S.L. & Li, T.C.
2010. Circulating levels of matrix proteases and their
inhibitors in pregnant women with and without a
history of recurrent pregnancy loss. Reproductive
Biology and Endocrinology 16: 8-62.

Balkhi, S., Mashayekhi, F., Salehzadeh, A. & Saedi,
H.S. 2020. Matrix metalloproteinase (MMP)-1 and
MMP-3 gene variations affect MMP-1 and-3 serum
concentration and associates with breast cancer.
Molecular Biology Reports 47: 9637-9644.

Bielfeld, A.P., Pour, S.J., Poschmann, G., Stuhler, K.,
Krissel, J.S. & Baston-Bust, D.M. 2019. A
proteome approach reveals differences between fertile
women and patients with repeated implantation
failure on endometrial level. Does hCG render the
endometrium of RIF patients? International Journal of
Molecular Sciences 20: 425.

Boudjenah, R., Molina-Gomes, D., Torre, A,
Boitrelle, F., Taieb, S., Dos Santos, E. & Vialard,
F. 2014. Associations between individua and
combined polymorphisms of the TNF and VEGF
genes and the embryo implantation rate in patients
undergoing in vitro fertilization (IVF) programs. PloS
One 9: €108287.

Broer, S.L., Délleman, M., Van Disseldorp, J., Broeze,
K.A., Opmeer, B.C., Bossuyt, P.M. & Délleman,
M. 2013. Prediction of an excessive response in in
vitro fertilization from patient characteristics and
ovarian reserve tests and comparison in subgroups: an
individual patient data meta-analysis. Fertility and
Sterility 100: 420-429.

Cardoso, J.V., Machado, D.E., da Silva, M.C,
Berardo, P.T., Ferrari, R., Abr@o, M.S. & Perini,
J.A. 2019. Matrix metalloproteinases 3 polymorphism
increases the risk of developing advanced
endometriosis and infertility: A case-control study.
European Journal of Obstetrics & Gynecology and
Reproductive Biology X 3: 100041.

OF ) YEYYOY o o)los ok ol o s pole 13 g sboasily

aS oads ooly lid yiores aiies bag pe Ly b pu ol
ol & Ml s L MMP-3 s MMPL oy il
MMP- 5 2G T a5 ol oo slpiion ol Jas o liws
b ol St b sl (Koo MMP-3 s A T 4 1
S ol ol olles (Balkhi et al., 2020) il by
w0 EahlB & Cenl Ko MMP-3 5 1S632478 pass 50 Ly
(Saberi et d., 2018) w5 S8 Swd (38, Julos

Ol gobe o b bl oS ol plis gl aslllas
5 wslls gl 05 2,5 L TIMP-1 s MMP-9 MMP-3
Neisseria gonorrhoeae To,555 Lol (g lem  Job
G5 sire a3 MMP-8 L alay, 1o Llie yo ot ounlice
Ay ] & sl Sae a5 s ssmlie )] Ly gl 4o
aislo b U5 aslllas L Juicaet al., 2017) S oS gllé
MMP-1 oy gl &S a0l (5155 (i 5,80l
ailo e s RPL aile L ol 3l oo TIMP-1 3 MMP-9
L3l s MMP-3 o jus gl Ll wi il 5lis RPL
7 sleain ;0 RPL daile (g0 ol 31 L avslie ;0 RPL aile
mh o5 col Jlo s cnl s ab sanlie YL Shl> A b
SV (Khel> 090 plos ;0 RPL adlus b b5 40 oy TIMP-2
olad Sladss azs (Anumba et a., 2010) o soaliv
LIVFICS b o JsSds mle ;5 MMP-2 sl o5 ols
a8 odalive (pl 2 ogdle )by (xe LUl lacurgsl Eob (500
s gagad bl gl @Y oliee b MMP-2 ol oS
S95dsd mle ;0 MMP-2 colles a5 ai ools lis pimen
5 slezsl B Siles Ky el (S IVFICS] glaas > 4o
(Yang et ., 2015) ol gyl b o)l5an

(rSB32478) 5 il ly o5 ams o i anlllae oyl domets
Jleds 5o Comez 0 IVF axs codse ol L MMP-3
I die MMP-3 s ol Jg o)l LLiyl ol
a0 Hlas Badiod ol gl Les il jige Wilgi oo el
MMP-3 o olie Ghals b bLsl 5o CC usgiy o8
O JUl g sesrae gld) 4 Coddge poe L 1M 5 0o
O ygo Sgaze (55kel aalyz 10 odel s @ s Ll o e
o b g oy p 4 el oad Sl b g w8 S
Loy (S iz s b Sl (e 15 Sl 15555 galo
Loyl odle g yeii oo gl dadigas sl iyl
Jolse g 315 (2Bl Caxdee S35l s Jelse
sl I8 500 sl caws @ mls o Wil o e
Ot MMP-3 o850l 5095 G 45 99300 6 5 a2
Ll @)l 09y s locme glis IVF 5 IVF (slacg 5

250/Y06+



Mergji Masouleh et d. Association of MMP-3 promoter in vitro fertilization _alKi,b;l i) azcs s MMP-3 j5g0g 5 bl )| o) Ko g dguile 520

Chen, J. & Khalil, R.A. 2017. Matrix metall oprotei nases
in normal pregnancy and preeclampsia. Progress in
Molecular Biology and Translational Science 148:
87-165.

Costa-Junior, F.R., Alvim-Pereira, C.C., Alvim-
Pereira, F., Trevilatto, P.C., de Souza, AP. &
Santos, M.C.L. 2013. Influence of MMP-8 promoter
polymorphism in early osseointegrated implant
failure. Clinical Oral Investigations 17: 311-316.

Cunningham, J. 2017. Infertility: A primer for primary
care providers. Journal of the American Academy of
Physician Assistants 30:19-25.

de Araujo Munhoz, F.B., Branco, F.P., Rodrigues
Souza, R.L. & dos Santos, M.C.L.G. 2019. MMP-
13 Polymorphism as a Risk Factor in Implant Loss.
International Journal of Oral & Maxillofacia
Implants 34: 768-771.

de Araujo Munhoz, F.B., Branco, F.P., Souza, R.L.R.
& Dos Santos, M.C.L.G. 2018. Matrix
metall oproteinases gene polymorphism haplotype is a
risk factor to implant loss:. A case-control study.
Clinical Implant Dentistry and Related Research 20:
1003-1008.

Dos Santos, M.C.L.G., Campos, M.1.G., Souza, A.P.,
Scarel-Caminaga, R.M., Mazzonetto, R. & Line,
S.R.P. 2004. Anaysis of the transforming growth
factor-1 gene promoter polymorphisms in early
osseointegrated implant failure. Implant Dentistry 13:
262-269.

Gdanska, P., Drozdowicz-Jastrzebska, E.,
Grzechocinska, B., Radziwon-Zaleska, M.,
Wegrzyn, P. & Wielgos, M. 2017. Anxiety and
depression in women undergoing infertility treatment.
Ginekologia Polska 88: 109-112.

Gleicher, N., Weghofer, A. &Barad, D.H. 2010.
Discordances between follicle stimulating hormone
(FSH) and anti-Mdillerian hormone (AMH) in female
infertility. Reproductive Biology and Endocrinology
8: 64.

Godoy-Santos, A.L., D’Elia, C.O., Teixeira, W.J.,
Cabrita, H.B. & Camanho, G.L. 2009. Aseptic
loosening of total hip arthroplasty: preliminary
genetic investigation. The Journal of Arthroplasty 24:
297-302.

Gustincich, S., G. Manfioletti, G. Del Sal, C.
Schneider and P. Carninci 1991. A fast method for
high-quality genomic DNA extraction from whole
human blood. Biotechniques 11: 298-302.

Hong, Y., Zhou, Y.W., Tao, J., Wang, S.X. & Zhao,
X.M. 2011. Do polymorphic variants of chromosomes
affect the outcome of in vitro fertilization and embryo
transfer treatment? Human Reproduction (Oxford,
England) 26: 933-940.

Horka, P., Malickova, K., Jarosova, R., Janatkova, I.,
Zima, T. &Kalousova, M. 2012. Matrix
metall oproteinases in serum and the follicular fluid of
women treated by in vitro fertilization. Journa of
Assisted Reproduction and Genetics 29: 1207-1212.

Hung, Y.C., Kao, C.W., Lin, C.C,, Liao, Y.N., Wu,
B.Y., Hung, I.L. & Hu, W.L. 2016. Chinese herbal
products for femae infertility in Tawan: A
population-based cohort study. Medicine 95: e3075.

Juica, N.E., Rodas, P.l., Solar, P., Borda, P., Vargas,

R., Mufioz, C,. Velasquez, L.A. 2017. Neisseria
gonorrhoeae Challenge Increases Matrix
Metalloproteinase-8 Expression in Fallopian Tube
Explants. Frontiers in Cellular and Infection
Microbiology 7: 399.

Karachalios, C., Bakas, P., Kaparos, G., Demeridou,
S., Liapis, I., Grigoriadis, C. & Liapis, A. 2016.
Matrix metalloproteinase-3  gene  promoter
polymorphisms: A potential risk factor for pelvic
organ prolapse. Biomedical Reports 5: 337-343.

Karimlo, F.K., Mashayekhi, F., Sorouri, Z.Z.,
Bahador, M.H. &Salehi, Z. 2015. Association of
GSTM1 and GSTT1 gene polymorphisms and in-vitro
fertilisation outcome in a population in northern Iran.
Journal of Obstetrics and Gynaecology 35: 46-48.

Kitchen, H., Aldhouse, N., Trigg, A., Palencia, R. &
Mitchell, S. 2017. A review of patient-reported
outcome measures to assess female infertility-related
quality of life. Health and Quality of Life Outcomes
15: 86.

Lahav-Baratz, S., Shiloh, H., Koifman, M., Kraiem,
Z., Wiener-Megnazi, Z., Ishai, D. & Dirnfeld, M.
2004. Early embryo-endometrial signaling modulates
the regulation of matrix metalloproteinase-3. Fertility
and Sterility 82: 1029-1035.

Lakatos, E., Szigeti, J.F., Ujma, P.P., Sexty, R. &
Balog, P. 2017. Anxiety and depression among
infertile women: a cross-sectional survey from
Hungary. BMC Women's Health 17: 48.

Liu, X., J. Zhao, X. Luan, S.Li, J. Zhai, J. Liuand Y. Du
2020. SPARCL1 impedes trophoblast migration and
invasion by down-regulating ERK phosphorylation and
AP-1 production and atering EMT-related molecule
expression. Placenta 89: 33-41.

Maia-Filho, V.O., Rocha, A.M., Ferreira, F.P,,
Bonetti, T.C., Serafini, P. & Motta, E.L. 2015.
Matrix metalloproteinases 2 and 9 and e-cadherin
expresson in the endometrium during the
implantation window of infertile women before in
vitro fertilization treatment. Reproductive Sciences
(Thousand Oaks, Calif.) 22: 416-422.

Matzuk, M.M. & Lamb, D.J. 2008. The biology of
infertility: research advances and clinical challenges.
Nature Medicine 14: 1197-1213.

Motawi, T., Rizk, S.M., Maurice, N.W., Maged, A.M.,
Raslan, A.N. &Sawaf, A.H. 2017. The role of gene
polymorphisms and AMH level in prediction of poor
ovarian response in Egyptian women undergoing IVF
procedure. Journal of Assisted Reproduction and
Genetics 34: 1659-1666.

Park, H.S., Ko, K.H., Kim, J.O., An, H.J., Kim, Y.R.,
Kim, JH. & Kim, N.K. 2019. Association study
between the  polymorphisms  of matrix
metalloproteinase  (MMP) genes and idiopathic
recurrent pregnancy loss. Genes 10: 347.

Paskulin, D.D., Cunha-Filho, J.S., Paskulin, L.D.,
Souza, C.A. & Ashton-Prolla, P. 2013. ESR1
rs9340799 is associated with endometriosis-related
infertility and in vitro fertilization failure. Disease
Markers 35: 907-913.

251/Y6)



Nova Biologica Reperta 8(4): 242-252 (2022)

Patounakis, G., Bergh, E., Forman, E.J., Tao, X,
Lonczak, A., Franasiak, J.M. & Scott, R.T.Jr. 2016.
Multiple thrombophilic single nuclectide polymorphisms
lack a significant effect on outcomesin fresh IVF cycles:
an andyss of 1717 paients Journd of Asssted
Reproduction and Genetics 33: 67-73.

Pereza, N., Volk, M., Zraki¢, N., Kapovi¢, M.,
Peterlin, B. & Ostoji¢, S. 2013. Genetic variation in
tissue inhibitors of metalloproteinases as a risk factor
for idiopathic recurrent spontaneous abortion. Fertility
and Sterility 99: 1923-1929.

Plaseska-Karanfilska, D., Noveski, P., Plaseski, T.,
Maleva, I., Madjunkova, S. & Moneva, Z. 2012.
Genetic causes of male infertility. Balkan Journa of
Medical Genetics 15: 31-34.

Saberi, A., Salehi, Z., Naderinabi, B., Ansari, S. H. &
Mashayekhi, S. 2018. Genetic dimension of
intervertebral disc degeneration: polymorphism of
matrix metalloproteinase 1 and 3 in the north Iranian
population. Turk Neurosurg 28: 447-453.

Shabanipour, S., Mashayekhi, F., Bahadori, M.H. &
Soruri, Z.Z. 2015. The relationship between MMP-9
promoterpolymorphism and IVF outcome. Cellular
and Molecular Biology 61: 64-67.

Shibahara, H., Suzuki, T., Ayustawati, Kikuchi, K.,
Hirano, Y. & Suzuki, M. 2005. Serum matrix
metalloproteinase and  tissue  inhibitor  of
metalloproteinase concentrations in infertile women
achieved pregnancy following IVF-ET. American
Journal of Reproductive Immunology 54: 186-192.

Sosa, E.Y., Flores-Pliego, A., Espejel-Nufiez, A.,
Medina-Bastidas, D., Vadillo-Ortega, F., Zaga-
Clavellina, V. & Estrada-Gutierrez, G. 2017. New
insights into the role of matrix metalloproteinases in
preeclampsia. International Journal of Molecular
Sciences 18: 1448.

Suzuki, M. 2014. In vitro fertilization in Japan: Early days of
in vitro fertilization and embryo transfer and future
prospects for assisted reproductive  technology.
Proceedings of the Japan Academy, Series B 90: 184-201.

Tajalli, S., Mashayekhi, F., Salehi, Z., Arefi, S. &
Sasani, S. T. 2021 Association of hTERT SNP
(rs2736100) with implantation failure after in vitro

OF ) YEYYOY o o)los ok ol o s pole 13 g sboasily

fertilization and embryo transfer (IVF-ET). British
Journal of Biomedical Science 78: 41-43.

Teplyakov, A.T., Berezikova, E.N., Shilov, S.N.,
Grakova, E.V., Torim, Y.Y., Efremov, AV. &
Karpov, R.S. 2015. Assessment of the role of matrix
metalloproteinase-3 gene polymorphism in the
development of chronic heart failure. Terapevticheskii
Arkhiv 87: 8-12.

Wang, Y., Ye, Y., Lin, J., Meyer, L., Wu, X,, Lu, K. &
Liang, D. 2015. Genetic variants in matrix
metalloproteinase genes as disposition factors for
ovarian cancer risk, survival, and clinical outcome.
Molecular Carcinogenesis 54: 430-439.

Wu, C.H,, Lee, T.H., Yang, S.F., Tsao, H.M., Chang,
Y.J., Chou, C.H. & Lee, M.S. 2019. Interleukin-3
polymorphism is associated with miscarriage of fresh
in vitro fertilization cycles. International Journal of
Environmental Research and Public Health 16: 995.

Yadav, L., Puri, N., Rastogi, V., Satpute, P., Ahmad,
R. & Kaur, G. 2014. Matrix metalloproteinases and
cancer-roles in threat and therapy. Asian Pac J Cancer
Prev 15: 1085-1091.

Yang, W.J., Liu, F.C., Hsieh, J.S., Chen, C.H., Hsiao,
S.Y. & Lin, C.S. 2015. Matrix metalloproteinase 2
level in human follicular fluid is a reliable marker of
human oocyte maturation in in vitro fertilization and
intracytoplasmic sperm injection cycles. Reproductive
Biology and Endocrinology 13: 102.

Zhang, L., Zhang, Z., Wang, F., Tian, X., Ji, P. & Liu,
G. 2017. Effects of melatonin administration on
embryo implantation and offspring growth in mice
under different schedules of photoperiodic exposure.
Reproductive Biology and Endocrinology 15: 78.

Zhang, S., Y. Cai, J. Zhang, X. Liu, L.He, L. Cheng,
K. Hua, W. Hui, J. Zhu & Y. Wan 2020. Tetra-
primer ARMS-PCR combined with GoldMag lateral
flow assay for genotyping: simultaneous visua
detection of both alleles. Nanoscale 12: 10098-10105.

Zhao, Y., Brezina, P., Hsu, C.C., Garcia, J., Brinsden, P.R.
& Wallach, E. 2011. In vitro fertilization: four decades of
reflections and promises. Biochimica et Biophysica Acta
(BBA)-General Subjects 1810: 843-852.

*kkk

How to cite this articl

Meraji Masouleh Moghaddam, M., Mashayekhi, F., Zahiri, Z. & Eidi, A. 2022. Analysis of the association of M
MP-3 promoter polymorphism and its serum concentration with in vitro fertilization and embryo transfer outcome.

Nova Biologica Reperta 8: 242-252. (In Persian).

W azms bl o hale g MMP-3 Fg05y et ygo bl sy NFe e gaue 9.y (b B Fulin p pidio gl (210

TEYYOY A ) psle 50 g glaanily iz Jliil 5 alKayles]

252/Y0Y



