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Abstract

Background: Recurrent pregnancy loss (RPL) is defined as the occurrence of two or more
consecutive pregnancy losses prior to 20™ week of gestation. There are several leading causes of RPL
including uterine anatomical defects, infections, genetic, immunological, and environmental factors.
However, despite in a large number of cases no causes have been identified, therefore, it is introduced
as idiopathic.

Recent studies have implicated the role of miRNAs in endometriosis, preeclampsia, infertility and
RPL. Therefore, the aim of the present study was to investigate the association of miR-196a2C>T
(rs11614913) with RPL in Iranian women.

Materials and Methods: In this case-control study, 183 Iranian women including 83 patients
with at least two unexplained consecutive pregnancy losses and 100 healthy controls with at least one
live birth and no history of pregnancy loss were investigated. Patients with recurrent pregnancy losses
due to anatomic, hormonal, chromosomal, infectious, autoimmune, or thrombotic causes were
excluded from the study group. Genotyping was performed using Tetra- ARMS PCR method.

Results: Significant difference in distribution of miR-196a2 rs11614913 genotypes was found
in RPL patients in comparison to controls, with p value of 0.04 and odds ratio equal to 2.96 (95% CI.:
1.03-7.03).

Conclusion: The results of the present study provide evidence for association between genetic
variation in miR-196a2 and recurrent pregnancy loss. Further studies will be required to validate the
significance of the studied genetic variation in diverse populations and its regulatory role on target
genes.

Keywords: Recurrent pregnancy loss, Polymorphism, MiRNAs

*Corresponding Author:
Address: Department of Medical Genetics, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
Email: reza_mirfakhraie@yahoo.com

11



O § (S gl bgo .0 miR1962a2rs11614913 uwdjg0 (b B o dxfllao

&)/ﬁﬁrﬂa&/)d&ﬁjﬁww ﬂjjﬂ‘duﬂ’
H—’Vg”‘q’c‘)lf'/"("’&lg a)u)/\a)u:’/\ Jlw

355%% fadw 39 ¢ s L miR1962a2 rs11614913 qud yg0 b B yod dxflize
Sibgy !

! S 506 & Sy 3918 o eIl p 57 dabol (5357 E15 0 5e8 ¢ (550 e Loy o o ool Bigw

Ol ) 015 ¢ gy ot (S5 sk ol ¢ (S5, oS5 038 ¢ uilid G-

O 018 (i g 35 e il ¢ (SCajy 6555 05,8 skl -

Ol e maly g oDl 15T 6Bl ol paly g ol ¢ guilid o 03,5 yLsbink Y
Ot Ol i Ol yloy (3B 09 5 ¢ b sleal —F

2 8 e e S e i 5y o5 05 F st 0

Ol O g5 OB S S 13m0 Olwy Loy OB 03 5 eslewl -

A\ ZAVA IR @)U RAVAR VA gttt (PR @)U

PR
BML! ()10)b ity (gatan LS o o oy by S b g5 £489 & {RPL) ))So Lo 1800 g dinwe
il e oo o (ol (S5 sloyp 8 dacigis (0> ) Kool Gl RPL (go0s Y3 5l (30 9500
ol Oldlae dy3) e o 45 Sbgn! o @ a8 cul Lasuiol RPL cle o)lge 5l (g)lus ;> wgng ol b
ool 3l Bus s ek & il o ), b g (6)9)b0 ¢ o MSTo yy o3 yiogl ;5 LRNA 4,80 25 godind
Syl sl 3 S biw jop ks LmIR-196a2C>T (rs11614913) Sy alen )y ddlao
il e

o g ity b g5 3o Al Loy AT Jol o) Wl VAY el =3 90 alllas o) 15 2 4S5 5 Slso
D55 ot Sy s 4l 855 i g 085 g Sy 4o i | lla 5 2,5 1+ el cle
b harhoss slagslon cisie (ogigag)S (9oyem «Spogill belge o] S b > & ey i S
sl Tetra ARMS PCR bg, b caisi] comss 5 423l S adlla 350 05,5 1 s coolind ¥3ls
s

b duwslie )3 5,50 babw sl slagsls ;> miR-196a2 1311614913 545 is5 55 (6 sne glis AAEL
(10,5 A0 CLV/ Y=Y/« ¥) i saalie Y/AF il G 9 +/+¥ b plp P Hlide b (ol 31,81

e L 5 MIR-19602 (S5 il alad 1 son ol Sola i (5 gl 106 S el
osbas Sl Ly g Oglite (glacuman 5 01 adlllas Su5g ol ly Copad] i) (sl sty lalla A5l e
bl L 390 B (sl 5 il g o

RNA 5,50 ¢ IS5 a2z S bt 158405 (45l

g§<“:'}1 dg:.'uj Aj; LN EW3 ug.&ﬁ r}lﬁ oli..':u": ‘[)‘JQJ :J’M Q?M?*
reza_mirfakhraie@yahoo.com



Ollod 9 v (ol lige

.0 miR1962a2rs11614913 uwdjg0 (b B o dxfllao

Sl sS6 Jols oS 5,05 3y 5 Ko b (sl il
ST Lol slly sisms,S Lald 5 K35
a5 (S 3 GalE skl Sl sie (o
DAL o e sl 5ST6 5 65 5 sl o ()
5 Lshe Jali 1) BYs 51 e L 8 55 e Jelge 00
SP -V VTP PSR EPRER S Fg
el S as Slllas gy ol I Sl L
4 a gl b e plil dlo 55 S b Sl Jle
Slooply Gla e 53 BRNA 5 S0 S lab nn s 0 28
o g o8aus dler 51 Calisee (glaplil e
s B oot So S GLRNA ) & s 5 (0L
kT 54 (ola

LUl sy aalllan gl 5 Ooda cs) ol Sl
53 e b @s11614913)miR196a2C>T Sk
il S sl s SSL gl S b

by w3y 9 310
Aa.‘l.b.a:)j.a.ﬂjél

4 Moo @il AT (ool ) sa anlllae Sy
L WY B AVAS ladle Glej alols )3 & 5 S Liw
sy 035 el OLg Sy oS olKnlT
YWVED/ ¥ o 5 Kke b Ol ol i3 & Sl
Y| BB 5 edy 5 SKe kiw g JHlus glyls
Sl (G DIhe o) (ST
5 b bl (Gate Gl (235005
3 Ol en &7 Glagils odle 4 Lsg by
Gl sl 5 Il by b o s, Sl
(Jlis s Lis @sliE LS addlls opl 5l sy o el
Shols il 5 baiu (gable Ogdy @l Ve dall o5 5
e AP M PSS TICSY
S )y o DNA Zl 5wl 9 (8 p dig0d
eSS

Foasbeols, S 5 8T Osls I e
Gldgd s addlas 3y50 513 5l Jase O 1) e

Aoio

YY S5 S GRNA  (eRNA L.
S dls b G5 om 15 0o e s 545 5
4 Y sens LRNA 5 S (1) Lilo ks gls o5 i 5T
ol MIRNA 5 ok s 5y 11 51,0 RNA abns
dowy 4 s S L5l 325 4 1, (primiR)
k4 premiR « DGCR8-DROSha ,.Sl.S
< 5l exporting 5.5y, 5 b 5 LPremiR 54 .
os wSa b5 8 e Jime J55se oK«
bds sl s al{miR « Dicer ;LS g 40900 5 b
by godd Sban jlaniy 93l (Guha o e 55 Liph
oSS 55 BT G55 n 4 @ MR L Ll
L 2da Hlgs o 9o (Ol)Iliny 55 345 o Juee RISC
MRNA 5 3'UTR & RISC Jlasl 53,5 oo oms 55
Jé e SUa MRNA e 5 C 5 pla 5555 0 5lge
MiRNA- .SaS 4 Joazs Jla & GMRNA 535
4 b P-body el & Jojgm slasbsle 5 RISC
(358 ot 25 b s Ll o (Bb ol 0,53 Oy 50

(2 5SS Lo s 55 LRNA 5 So IS 550«
S Olllas ()Ll St Sk 8 e 5 55l
G peskl s LRNA S &5 Wlesls ol 3
S e 4 WSS ol 5 STy
S 3 a5 Golen S s 4 (o3b GLRNA
S dzen ol F0L 5 Llodd atls sl 5 Jboy
o Jio M5 g Jbj 3 Sles ¢l Yz
O-MLsl e

O3 53 Joo M5 e ol S 51 (S
S,k he 3 10 Ly 8 & Lol e bk 55100k
b 58 biw 3,8 ap g3 1) edd esls Lasis b
Al e (e O e ary Glls 034 d,l S s
Cows 3l slags,lsb s sl b gs 4 ) S Lad
o) b sk B (Sl ey win 1 S )
Sl 33 g,l5b IS Aoy Y B Y S b oo

ol Aéﬁ-li Jiybﬂl:- dl’- )J (q)"}&kf‘ L}.&L& b g)l.é:-

. ITAE ObT A olod quioomd Jlo 5151 (Kb pole olCLIS (Aagh (oole dlomo



Ollod 9 v (ol lige

.0 miR1962a2rs11614913 uwdjg0 (b B o dxfllao

GRS ool (G5 2S5 ¥EY U pemmen Ll 0l 1,
w8 Syo ol Gl el leslizel L 45T ol
33 3 &S o Joe PCR 2S5 5 Jstls J =87 ol g
3130 53 PCR &Y seme Jsb o)l 599 b 55 4
¢ CC 3130 55 L i VA 5 ¥9Y (TT () lyls
XY (TC &K 55 3l 5 5 5L i YIA 5 Y5Y

¢S iy LDNA £l sl a3 § EDTA (sl
b b eds 15l sDNA 0SS Sy 03
..L.ZL;)U.&:IJ?G:JDQ-):—Y' les 55 s

miR196a2C>T psd 390 b eIy
:Tetra ARMS PCR g, b (rs11614913)

gglg.&.l.a_- oy S canloe d‘-'-‘ BE)

Vst 3 byely M5 ks 8 (b s el

MiR19622C>T JSbsia ow,p St 03Ul 5,90 51 yoslyy g ) Josa

»In Jy »lp b

5'TCTCTAATCCTTAGGGAGGTTGTGGG 3'
S'AAATAAGGGTTCTCCAGACTTGTTCTGC 3'
S'AATTTTAAACTCGGCAACAAGAAACGGT 3
5' GACATAAACCGACTGATGTAACTCCGG 3

(F9)
(o)
(L

Is

>~ m & ™

o
SBb

0556 e 05051 5158 Lok g s 5 anlllas 550
A5 o3lizal SNPSTAT 3!

il

g;lg 2._,\_9: bl .7‘)‘ A -‘Ua» U_-’-‘ BL

S 5y 5y e 5 e Lo il glyls O3 AY
QT_:,.;@JJ.)')@T;U_&bﬁJl@uJL;wr;\JQ
09,5 93 ya.das oo Ol |y andllas 5550 3130 55 L5535
5o L 8 sl ol Lyl b 51 5Ly 5 J 27
O TT- LY s Jlas) Ws g doles Jl- s i{.i w37
Lgl_hojjj/&.;)_;jju_uT@blﬁ('/'Y j\‘/~‘\bbjlj
LJ—JB@@M‘QM&‘)“‘)Y dj‘-iq-).ﬁbt.“.bﬁ.ﬁ)y
PTT 555 Sl s s mae Ol (godins OLES
390 d,S 05 5L awlie s K Lo aiile gl 0L
wuw‘j'/'?l{j‘joJﬁwam’L&)bw&

B oo (Lp ;380 CLN/A Y=Y/ ¥)Y/AZ L il

Yoo wb;gbg:ﬂmﬁ.,,;PCRu:;sb

d0X PCR 3L zds o V8¢ ¢S 55 DNA 5 5 5L
MgCly ;¥se o 1/0 lNTPs o 51 ;¥35e Lo +/YD
S sl 51 Jgn s Ve (s (gla a5l Jge 5SS O
Wi Taq 51,0 4 DNA VJ_)JT d=lg /0 5 ol
Glales Cou 5 S ¥Y s 55 8 8 s (01,
31,8 Bl a3 #F (aids \ Soe 4 51 5 Sl a5 AF
plowl 4is Ve 4 31 8 Sl 453 VY 5 aids) Sko sy
55 AF (Glos 5 4idsd Sike 4 adgl O genl,y S LA
Glos 33 4id3 0 Se 4 ol il bisb 5 ol T sle
N g s 255 Sygo 3 F Sl dys VY
Gel Red &, sol= do s Y10 5,67 J5 5, PCR
55l it 5 0w 1 eslizal L il 5 Likd 63
o gas 31 g3l g5 canlsl 53 . & 15 om0 559

‘SgloTJﬁ.bé'
93 5> ol r.l.c L sl Sy e S

b sa s o Bl 3z s a5 dlllas )50 05 S

e ITAE ObT A olod quioomd Jlo 5151 (Kb pole olCLIS (Aagh (oole dlomo



Ollod 9 v (ol lige

.0 miR1962a2rs11614913 uwdjg0 (b B o dxfllao

S bie gly glesdll  cde lamicroRNA
L g YOOY Jl 53 oS (6,505 sanlllas 3 0P sl
Oly Gl ¥ R sl 0L 5 K
el 4 S RPLa S glagils > miR133a
A odalin (Llazils guas Laiw g la LY gaia 45 oS
b F a3 acb s 5 1, HLAG aniR133a
G 4 Cad e fel )5 s 4 olab ¥
OD)LS o ylgn el o 2ol 58

bt Ll (b Sl 5 o
Syse 0,555 YoNY Jluys 56 ki s RNA S
ol 4 0L 5 O candllan ) 53 288 IF s p
0S8 L 4 Yee glo S Sl s S Loy 4
5 MiR-499AG+GG 5 miR19622CC Sl 5]
&1yl miR-196a2CC/miR-499AG+GG I .S 5
Al e Comaz ol @l Glapils 4 S 5V 5l
L Sy p e 1B S e G Mk v )
220981 Bl gl S sl 5o SSL gl S
S Sl s
J3 sy 35se MiR196a2C>T(rs11614913)
L miR196a2C>T &bl candlae ol polal .28 5
Sl sl eSSl 5K Lia Gy ks
A2l o L5 e

#3535 Tamdge ;> MIR1I6 oiS” U8 05
(353035 Cabsn gl 5wl 5,05 12913
S mIRI6 o ckiyls 13 50 HOX oslgls i)
4 Gl 9050 o (s B0 ) (8 O s b
Al bl ) S (o M A SN Jsb
sl 4 @b miR gy g sbul O o Sl
AS AP miR196a-5p s miR196a-3p
s G i 5 K 1811614913 ISaus
2 Hlge & Al @b miR196a-3p sksle o
s MRNA o Jlesl 3 miR196a-3p  50s
Sl AU L MKk sl S S

Ol Ll amiR196a-5p ol ialS” o amiR196a

G e S 55T slad 5l glages ) Sl
Amlls 350 Cmpron ;3 MiIR19622C>T ey 90
3810 o ¥ g yguw (CT aigi b o181 :F o) gl yginw
o= TT cuigij Lol 315 5 ¥ slagygiw CC caigiy b

J00bp S, ojlas0 ¥

Curon 43 MiR19622C>T JSudsia M Jlglyd .Y Josa

andlle 390
ol 095 olew 095
(]253) Sloly3 i (o)) slslyd Slass N
Y WY OA v C
vy b4 ¥y s T

,» miR196a2C>T JSidvis owig—s (=lolyd ¥ Joua
Ao 390 Curos

ol 095 olew 095 .
. . ¥y

(]253) Sloly3 dluws (]253) Sloly3 dluws
¥\ ¥\ ¥ YA C/C
oy oy ¥a n o OT
v v WY \F T/T
<o

Ol byl sy s godae Oladlas

5Bl 3 8 bl Ko biw 5 LRNA S
Ol Ol ey 4 YV Jls OLKes
OB 53 OV 5 YYY AAY (100 I YF Y)Y WRNA 5 S
Loy dom ol & Salgs 5o Azt ls 5 S Lo 4 St
S U8 5 6ulssb e s miR 126 5 miR 21 ol «

o Yol e Al oo 2l s 4 S OB s 0T

, 1FRE LT oslod uiooms Jlo w3l (Kb pole oS g3 (oale dlowo



Ollod 9 v (ol lige

.0 miR1962a2rs11614913 uwdjg0 (b B o dxfllao

Godkasplil Lol anllas ol s

4 M slagls o miR196a2TT 55 sl
L miR196a2C>T by sy PLs) s 5o RPL
Sl > SSLpal S b Sy, ke 41
0dd andle S5 Siboly Caenl Aol AL e Syl
Ol Oljee (g 2 55 3 ol by i Slalllas i jl

Al e 0T Goda (sa05 s miR196a2

S 5 4om
5503 Ol U155 oo el s & b e 55 L
sl,lsmiR196a2 o5 551511614913 IS s 45
,;H,Js,bptpjrupg,uu_wu_;)\

Bl (o 2 2050 Sl gl

‘5510)45 9 ,ﬂw""
slasl 5 by L5l ) 1 Al s s

sl sladS 55 50l ,_<_.:J~,_.e§_..4;~5°1_<_za_u)~T¢J;m
S8 5 S Ui b ol j3eaS S8
"’"J?k.fﬁ

&b
1. Santamaria X, Taylor H. MicroRNA and
gynecological reproductive diseases. Fertility
and sterility. 2014; 101(6):1545-51.
2. Lee Y, Kim M, Han J, Yeom KH, Lee S,
Baek SH, et al. MicroRNA genes are
transcribed by RNA polymerase II. The EMBO
journal. 2004; 23(20):4051-60.
3. Gregory RI, Chendrimada TP, Shiekhattar R.
MicroRNA  biogenesis:  isolation  and
characterization of the microprocessor complex.
MicroRNA Protocols: Springer; 2006. p. 33-47.
4. Lim LP, Lau NC, Garrett-Engele P, Grimson
A, Schelter JM, Castle J, et al. Microarray
analysis shows that some microRNAs
downregulate large numbers of target mRNAs.
Nature. 2005; 433(7027):769-73.
5. McCallie B, Schoolcraft WB, Katz-Jaffe MG.
Aberration of blastocyst microRNA expression
is associated with human infertility. Fertility
and sterility. 2010; 93(7):2374-82.

338 o a0 4 0T Jlasl 153l 5 miR196a-3p
88 ma Osk mMiR196a-3p oL nll (S b
Bl e S 3,8 o Soge OT Slub b 53 I3l
Glo i 515, 53 Sl b aS Sl 0T (godiasOlis
OAINLL o 2153 55 JL miR196a-3p ~ sk
S 53 e Slallas K5 b
plosil Lo 1w o151 L MiIR196a2C>T S LU
Sty S el s ol Lgs 35 S Sl 4B S
oS iy Sk 2S5 Gk S Al S
s B Ol ol al 1) sl SIS G
Liw 4 e Ohles 53 Joke 55 Yol .ol Sl
Galss alax 318 b 30 et T s, S
«lib o RPL 55 Cgme Joho 25 28 dyge oS
S g x4 by b0) G JSus b
Lin gasl Bl ks L TP53 5 MDM2 Jsls
MIRNA Cous 05 bl 55 6,505 Sladllas .00
I, MRNA -l 5 Sles &8 Sl ol plowl 587de
HOXB8 miR 19622 Coun 0 A4S o 5 jabin
Jo plal S5 5 sk s T 55 o7 Asl
4 @l bl pls 31 HOXBS .(Y+)owl
MR 48 o (6,8 sl Lok bl L sladshe
dS o Hlgs |y OT HOXBS sae 5 5lga s 19622
503 HOXBS _zalS wmiR 19622 21530 oyl b
5 pll bS5 Lgy 53 (Y358 oo ool b s 35LeS
53 HOXBS 0y b (oS (2 5o slm) ) ste &
¢S, > Sonic Hedgehog ply L)l e ooy ol
o 8350 oo Ol MIr196a2 ¢ iy okl 55 5 555 00
4 (255 0 2y ol 53 HOXBS Ol 0l &S 5k
Wil 3,0 55 i o S Y sl HOXBS o s\e
(Y555 o dorlpe CnSs b o FaY OT Lo b oS
o WS 5 5 galles Gb s
miR « premir 45 alS v miR196a2C>T
bosSds Culby plasil U5 cal ol o550 OT WL

(9)des e Cows )

' ITAE ObT A olod quioomd Jlo 5151 (Kb pole olCLIS (Aagh (oole dlomo



Ollod 9 v (ol lige

L MiR196a2rs11614913 wusd y90 b (DI o0 dnfllne

6. Pan Q, Luo X, Toloubeydokhti T, Chegini N.
The expression profile of micro-RNA in
endometrium and endometriosis and the
influence of ovarian steroids on their
expression. Molecular human reproduction.
2007; 13(11):797-806.

7. Pickering MT, Stadler BM, Kowalik TF.
miR-17 and miR-20a temper an E2F1-induced
Gl checkpoint to regulate cell cycle
progression. Oncogene. 2009; 28(1):140-5.

8. Zhang Y, Diao Z, Su L, Sun H, Li R, Cui H,
et al. MicroRNA-155  contributes to
preeclampsia by down-regulating CYR61.
American journal of obstetrics and gynecology.
2010; 202(5):466. el-. e7.

9. Ford HB, Schust DJ. Recurrent pregnancy
loss: etiology, diagnosis, and therapy. Reviews
in Obstetrics and Gynecology. 2009; 2(2):76-
83.

10. Vaiman D. Genetic regulation of recurrent
spontaneous abortion in humans. Biomedical
journal. 2015; 38(1):11-24.

11. McNamee K, Dawood F, Farquharson R.
Recurrent miscarriage and thrombophilia: an
update. Current Opinion in Obstetrics and
Gynecology. 2012; 24(4):229-34.

12. Maesawa Y, Yamada H, Deguchi M, Ebina
Y. History of biochemical pregnancy was
associated with the subsequent reproductive
failure among women with  recurrent
spontaneous abortion. Gynecological
Endocrinology. 2014(0):1-3.

13. Miller S, Dykes D, Polesky H. A simple
salting out procedure for extracting DNA from
human nucleated cells. Nucleic acids research.
1988; 16(3):1215-6.

14. El-Shorafa HM, Sharif FA. Dysregulation of
micro-RNA  contributes to the risk of
unexplained  recurrent  pregnancy  loss.
International ~ Journal — of  Reproduction,
Contraception, Obstetrics and Gynecology.
2013; 2(3):330-5.

15. Wang X, Li B, Wang J, Lei J, Liu C, Ma Y,
et al. Evidence that miR-133a causes recurrent

spontaneous abortion by reducing HLA-G
expression. Reproductive biomedicine online.
2012; 25(4):415-24.

16. Jeon YJ, Choi YS, Rah H, Kim SY, Choi
DH, Cha SH, et al. Association study of
microRNA  polymorphisms ~ with  risk  of
idiopathic recurrent spontaneous abortion in
Korean women. Gene. 2012; 494(2):168-73.

17. Hu Z, Chen J, Tian T, Zhou X, Gu H, Xu L,
et al. Genetic variants of miRNA sequences and
non-small cell lung cancer survival. The
Journal of clinical investigation. 2008; 118(7):
2600-8.

18. Du M, Lu D, Wang Q, Chu H, Tong N, Pan
X, et al. Genetic variations in microRNAs and
the risk and survival of renal cell cancer.
Carcinogenesis. 2014; 35(7):1629-35.

19. Naderi-Mahabadi F, Zarei S, Fatemi R,
Kamali K, Pahlavanzadeh Z, Jeddi-Tehrani M,
et al. Association study of forkhead box P3 gene
polymorphisms with unexplained recurrent
spontaneous abortion. Journal of reproductive
immunology. 2015; 110: 48-53.

20. Kawasaki H, Taira K, editors. MicroRNA-
196 inhibits HOXBS8 expression in myeloid
differentiation of HL60 cells. Nucleic acids
symposium series.2004; 48(1):211-2.

21. Fujino T, Yamazaki Y, Largaespada DA,
Jenkins NA, Copeland NG, Hirokawa K, et al.
Inhibition of myeloid differentiation by Hoxa9,
Hoxb8, and Meis homeobox  genes.
Experimental hematology. 2001; 29(7):856-63.
22. Hornstein E, Mansfield JH, Yekta S, Hu JK-
H, Harfe BD, McManus MT, et al. The
microRNA miR-196 acts upstream of Hoxb8
and Shh in limb development. Nature. 2005;
438(7068):671-4.

23. Xu B, Geerts D, BuZ, AiJ, Jin L, Li Y, et
al. Regulation of endometrial receptivity by the
highly expressed HOXA9, HOXAI1l and
HOXD10 HOX-class homeobox genes. Human
Reproduction. 2014; 29(4): 781-90.

v ITAE ObT A olod quioomd Jlo 5151 (Kb pole olCLIS (Aagh (oole dlomo



