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Association analysis of follicle-stimulating hormone receptor gene
polymorphisms with polycystic ovarian syndrome

Ya Shen, Jia-yi Ding, Li Xu, Jun Shao, Hua Jin, Li Chen
(Department of Reproductive Center, Nantong Maternal and Child Health Hospital,
Nantong, Jiangsu 226006, China)

Abstract: Objective To investigate the relationship between polycystic ovary syndrome (PCOS) and Follicle -
stimulating hormone receptor. Methods Improved gPCR based SNP detection method was developed and used in
genotyping of FSHR in PCOS. Validation was performed by Sanger sequencing. Results Results showed that it could
be well genotyped by this qPCR based method, and all the results were consistent with Sanger sequencing. The
distribution of the allele frequency and genotype frequency were significant differences between FSHR and PCOS,
which indicated that the site of Thr307Ala and Asn680Ser might be closely related with PCOS. Conclusions It
proves a novel method for SNP genotyping and the results denoted important foundation for SNP detection and PCOS
investigation.

Keywords: single nucleotide polymorphism genotype; allele specific polymerase chain reaction; quantitative
polymerase chain reaction; polycystic ovarian syndrome; follicle-stimulating hormone receptor
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AR S, G BR 5 3R I R R AR, (H2
i, PCOS M AR ALl T3 AN 48 , DR g itk — 2B 560
PCOS 5 UIAH I 1% 3 PR K H 22 28 MEAR BT 4 Y
TR BRY T ZER E LE K

%2 5P ¥ % 2 (follicle-stimulating hormone, FSH)
FLA R B 2R 16 L R A R IR % 7 LA
HIVE R BRLIL , V5 222438 RNl IR TAEE A S L2 4
DN S ZE -G AR L A B G R, ATl 581
FER T e — SR WF5E, 1 HAR IR R A2 1k
(follicle-stimulating hormone receptor , FSHR )t A
“hj PCOS st % e Boi 3 8l 2 —&9, E NS E
A7 — LS AN X FSHR B 2 4% 1 IR 22 A AV 55 1Y
MO, (HEAREB 2S5 IEA -,
FSHR 15 K 2 8 M: 2K 5 PCOS A A AH AT
o it — IR RS .

R Z BRI RBOR O 24k w i H
SRS AR W) & R 1 N BAAL T IR 2 A5k
(single nucleotide polymorphism, SNP )F6: i Z5F; A
{SRTEAN T L & kA0 . AR BB FA T A A8
G 94 4 52 BH 98 7% £ 4t (amplification-refractory
mutation system, ARMS )4 AR 12 i & i i o o
gk 4 Taqman 28 YGCHRER E B B A B A X W (poly-
merase chain reaction, PCR )37 A i 1 = R v iffy i
AT GEARANE 1 ARSI R 1 B 43T, AELR: R ¢
TEEREF IR I B AR AT R IR R, I 4
ARMS BYEEAL T HEHAR , FIHIR ARG SR
it PCR AR XT SNP o7 £ A I e AR 17 TR -
FEF % ek B A AR X FSHR £ K1Y 2 4~ SNP £f
J5 Asn680Ser Al Thr307Ala BEATHGIN 44 . 76 DU
NHE PO Z2 38 51 SRS MR Z [R]AAH DG A 7 i
— D AIERZE S, S TN U0 AR A i 1 R
ML PR HE T F 2 A A -

1 #BE5RE=E

1.1 WHERIM&H

YEHL 2014 4F 3 H -2015 4F 8 A T i 104
TREERE 2 1Y PCOS [ 4t 152 f4i] . PCOS HYZN A DR
M OEA 2900 1255 MR MR G PR . H &
S AR 2 B IR ; @B M sl ik
TN 458 7 22 3% O £ K B SR TG HE B B G (— ) =k XL B
Hr/NF 10 mm [ BRYEEL >10 ) @iE 2 S H Pk
il S MR, A & JEI A 3 Rak A 4 ik
H R ZE S FSH 1 U AE >2, [F B2 FR{E >2.2 nmol/L.

T ARBRIERT G W I EL IR A HERR At P 43I T
2l PCOS. [ I IS 4 [R] S 75 12 Bt 012 18 % BEAE
A 152 ] AR S5 USRI AL PCOS 4IAHVERL , T i
TR R 58 T S 54058 0 R R, AT
FEAFEI R B B B 2L
1.2 HARWES DNA 1ZE

B BB FE X G372 24 H A NE I 2 m,
Z G B PUE SR 4 DNA (R HEBCR Rl
BT, fRTR A0 F B 500 w | FLEEIAL, 0 1 ml JCTH
K, R EFEVR 2T, 10 000 r/min Z5.00 3 min, 3 1 iE
W, A 6 mol/L AL 4N Nal 100 w1, ¥R HiE 20 s, A
200 p | S5 52, ¥R27 12 000 r/min #5.0> 5 min;
R LIS R EO0E, A 0! RHE, IR
47,12 000 r/min B5.L> 5 min, F& FIEW, TTE 75%
1 CBEFEYE 2 K, H 50 | JCTR 7K %5 # ,Nano Drop
AN 6 BE T AT Qubit 7 5 E B AN AT 3 K 4]
DNA R . B -20°C KA TR AR A7 B 7 1
HEAT I S SE IR AR .
1.3 SNP #&il7 AR E L 5WE
1.3.1 Flaneg it ARPEPAS SNP A s K Hi 55 )
JPHI, %1 PCR 5| W AIAGINR £T , #6477 & PCR #~
o AR 1.
1.32 SNP % &Mz Eteml 69 R 32 R &
JEENFRS: PCR 55 i PCR AP RIK4E AW, &
i PCR W i A Z Y b ik i it BAATT %
R ARYE B AR SNP BN ST —HY 38514, 4245 2
FRAEMBIYIR 1 a5 18, Em 5185 R
HF AR RN SR RUPI Rl , A6 IE 105 [ 5830 3'- Kk )
PEGIA— SR (—B7EREIR 3'- IhYEE 4
ANBHEE ), XFRE AT AR R B AR R S v 38, 4 e Y
HE RN AR R B IX 43
1.33 B EARZ BB 20w, A7 DNA BT
(20 ng/w N1 1,2 x SYBR® Fast gPCR Mix 10 1,
E RGP 51445 1 1020 umol ), FRLZE K £h

x1 SIURFIER

EA7S DNA J751(5'-3")
307FW GAAGTTGATTATATGAATCAGG
307FM GAAGTTGATTATATGAATCAGA
307R GTAGATTCCAATGCAGAGATCA
680FW GCTCTTCAGCTCCCAGAGTCTCCAG
680FM GCTCTTCAGCTCCCAGAGTCTCCAA
680R CAAAGGCAAGACTGAATTATCATT
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[ RIARSEE S ik e e VR o NIVEZ ISP (RS YA TH O ESINERL e SiSE 2y e iiF S i

JEE 20w, PIEIHRSECH - 95°CTIALYE 5 min,93°C
A 15's,62°CIE k 50 s, 3% 40 AMIEFR, KR 45 G
AT P, B iR 7E ABI 7500 25 G
i PCR Y LI Ct B i A5 8., i
FEAREAR A FE R 3 28 IR
1.3.4 Al 25 Rag3aE AE SNP A 25 550 41 1%
TH 51y, Al rh AL 55 H AR SNP 75,
W3l PCR ¥4 5 WEAT Sanger S F43#r , LA 36 3IE A
FHM B 7 246032 SNP 57 55 B AR
1.35 PCOS # # # & FSHR A B % &M 694 m)
I TS0 2l B P A ARSI AR 43 B e 4 B 1 152 451
PCOS fEEFEAFINT LA ) SNP A7 55 T i L
1.4 SitFEFE

K HH SPSS 16.0 et F Ak A 45 43 # , S 45
TR v S R R S PR AR Ay KR . AR
Hardy-Weinberg V- 2 11545 i R ARSI 1)
ZE{ M, 2] ] 5 PR R A1 23R R S5 A7 PR A3 11 22 5 L
AT x 2K, P<0.05 WERALI2E .

2 #R

2.1 175 DNA HEE S Fis

FITAT REARFRAG A JE (K £ DNA #8473 5 )
FNSEHEPE TR o A6 I 25 5 2% P 48 K 2 B0RE AR 21U
FE DR AR S, FEAS TO R A 4ty 42, DNA Ve
BITE 80 ~ 120 ng/ | Z 0], 582G AL 2 A

PRSI Y B SR . B )RR ASJE R 41 DNA 1) Nano
Drop A il 4 5 4 & fir 7, 0D260 5 0D280 1y L
B 7E 1.8 /- 47 ,0D260 5 0D230 Ay LB #f >1.5, 46
FE RN B 58 P A R s sk . LI 1.
2.2 SNP ZIMERKN 77 AR E

i 2 s, B SRR Sanger B A 1A
—AEPAERIREA . A RASRIEAR 45 B
ARPIFREIEER . SRIEH B 2 i 25 110 3 MFE
A R A A ALRE 1Y B PCR BRI TR, JF:
IRy P I C VAT ST wln et SIS S E 2y Rl
HFARPAFEE R 28, IMFRIIA LS e B 1y
SNP A 4 A HA AR 419 SNP A3 15 () X 438 41, 7T
DIMERR P X AP B AR AL | e U 5 AR BUREAS . X T
A RUREAS 224 IR AR AR 0E ) 5 | A T e, H: Ct

c
AT RSB RASRL C Zu A8 21 (6 R B AR R, SNP A7 55 30 > 45
2 TEE PCR il g3t i #Y Sanger M 458
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{BTE 15 2475 AR RS | kA 7P 3a e, H Ct {74 Hardy-Weinburg . T A7 1Y 303 MF5E X 4
TE 35 oAy, M TARY K il e R it S 3L R4 o GG (12.5% ),GA (46.5% ),AA

AU IR —RY 2RI, X TR MG IIREAR, ZE  (41%),PCOS 41 55 HE 4[] S5 v HE R AU o3 A 22 7 AT
it PCR Rl Z5 R R 2 BE T RAFSEIEE ST, 5 Geit2# L (P=0.009), S FE K i %4 7% PCOS £l
Sanger i 7345 A 25 R 58— Xt HRZH e 25 A St X (P=0.004) .

h T HE— A0 % E B PCR K A X SNP 25 x 2 K5, Thr3o7Ala 137 45 754 Hardy-Wein-

AL A I AT R EE 2 EHLBE SR 80 (XS REAREATE  burg A7, 4N FRFR, A 303 MIFSE R4 500
AT SNP {7 s A I 43 47, b 3 HEAR IR R AT FEPIALS M GG (12.5% )GA(37.6% JAA(49.9% ),
Sanger 74047, 0 IELE R B — bk 256 PCOS 4RI A 2 ) 25 o7 ik [R R 40 A5 22 o G2
SRR, AR HENREFIE E PCR 1 SNP4 & X(P=0.003), %55 JE R R AE PCOS 41 FIXS il
RIZESR AR A XA, AT A THERR I 2 5P E5y RS A G242 L (P=0.001), L3 3.

B3 Fi SNP A IZE HL 43 SIEE T AE P ) 3 A~ X,

FHE Z B AEAE B A SRR o P A RN 8 AR R 2 [R] (1) 40 i e
PRI CHE SR/ N2 538 >8, 22 B A A 2 & L
AFEIG Ct 2 RAVIN, B K22 5 <5, MG HEA -
[ SNP 43 B2 BT mT IR 2. DR 3. o 20
23 ZEIPHEESI FSHRERHA SNP L= S 15 ol
BRI 43 4T 10 )
I A el B A 5567 R S (R 8 it PCR 4R, I 5
THFA R L R4 3G 5 [ %) 152 Bl 2 4E 00 255 00 & 10 15 20 25 30 35 40 45
TEREASFIAR L ()X BRAEE A 64T 2 A~ SNP 37 83 19 43 Ctfif
TR FLAR A 1 (0] 2288 5P SLREAS [ DNA Ik i 2 FEAKIMN A Ct A BH S 4070 F B i 3 A X8, A B2 ] AR

\ . s s N B , S5 AR AN AR RUBE AP AS93 7  14 C (22 540K >8, Ak &
57 <FELTIAR (1 y HAr LIS
U A O It SRR s o Bttt S st

T IR RISE R . WAk 2, LM T sl
2 x 2 Ka¥, FSHR JE[H Asn680Ser 22 25 A 5, 3 FMZE PCRI#T SNP FRIMER

R2 PCOSAHEGERA FSHRERE Asn680Ser EHFMM A EMERFREZEFBMEN S AIFERL  H(%)

FL PR 7R A
2H 5 X 1E P{H X fE PE
GG GA AA G A
PCOS 4 11(7.3) 69(45.7) 71(47.0) 91(30.1) 211(69.9)
9.410 0.009 8.438 0.004
Xt AR 2R 27(17.8) 72(47.4) 53(34.8) 126(41.4) 178(58.6)
%3 PCOSASXHA FSHRER Thr307Ala ZRMAM R ENERSRE R EEFBREMNAHER  #1(%)
FL PR 7R ENIFEA
2H 5 X 1E P{E X fE P{H
GG GA AA G A
PCOS 4 12(8.0) 50(33.1) 89(58.9) 74(24.5) 228(75.5)
11.702 0.003 13.124 0.001
X BE 2 26(17.1) 64(42.1) 62(40.8) 116(38.1) 188(61.9)
3 iTig Hh G| S I BE AR 4 1 3145 22 AR o5 1 o L 4

ARG 2 2 R — Rl L e e e f oo TESFOIREDRESR RS M i Sk 1 5 911 3'-
PCR 4/ W HARIEAT SNP ORI . i JHlitE AT SMIEDCIRGIA 1 ol 2 PRIRCHE, e
F1 7 AT B PCR S 2K 5 F P dapee LRSS BACE 05 s T LIS A X 43 3'-
IR, ISR , 7 ELREASIE 1 VA 2 x5 ey ARG A BIR 22 57 RSl & FE A Th R 5 1 ) 9 9 8
PP RS Y BRI Ay, EattEs e s AR TT  BEAS SIMER 1 SNP 4, FEASE
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TR, 45 BT 1 2R i RS R N AR () 22 98 0 SLER 53 15 (2 BIVELI B 1) 52 TRk IR 22 25V AR DG PERIF

BRI 3'- it 4 SRR E G I AEREC, IAR T E
111X 53 SNP AN[E] 43 B4 1) B (1) o B AH G SNP 437 45
M RIS ST T RAF I SERT

SNP J& A\ AT it 4% i 7228 S rh e 3 UL —Flr, 450
WE )T VB RER RASRAR X TR AR R h
AN HA EEE L AR5 EH T T 300
Z B NBEAE FSHR J: 7 I 2 4~ SNP {37 5 /4 43
TG, 245 5 5 735 33 T 4 SNIP A7 s ) 256 DR 78 A 45 v
FEPBR 5 Z N B LR AR Z R 22 A S22 =
X(P<0.05), Ml FSHR BN L5275
PCOS 1 A& AT REAETEAR OCHE . 3X y PCOS HyitE—20
TRAMFZE R R AL 1 35 R K S 3 2 A SR 5080 o

1 B e A 23 WA B —FPOBE B 1R L FSH FEA
Ferbrmrh B EEAER . FSH 7efT 4011 5E A1 4k
i A AR, [ 2 ma O F i . FSHR
FE PR 58 AR S 1B Wk 1) B Y0 R R RS . AP R
FSHR FE R 7765 UL SNPs, 1 H. AT BE2 M 32 1A 3G
P, SET S B0 S RE Y 75 . Hoh FSHR 2K 50
FIXHIZE 10 45711 SNPs iF5T48 2, FRiilEss 10
AN F 307 BT A ~ G 235D K 680 #5111y
G-A L0, ZRBFT RS, % FEH AP T SNP £
2SI E DI REA RS DA, 48
ZHARAE R AR AR TE 300 LA T, T HA KH S
LR R LE B IEA M 25t ARG — (H R e T
W 451802 FSHR JEH 28 S5 000G, DN
SN LA B B 5 oI A AR A A AR DG 2 S 35 Y
BB H PR — D EERR . ZWSAEARFS
HE) 2 A~ SNP AV 5 40 M 25 3R 5 22 48 P BL 28 51 (7]
i 25 A Gei b 2E i U 83— 25 iR S

2 A& FSHR F:H 235 0E 5 50 8L 0 RE A1
KA T B — AR A I S 2 N L2k
B AE S AR ST RE R A BRI SR T
AR YT I ST RE S8 AR OC B , TR I T ACAE | Uk
DRI A EERIGIRE L.

WFFE I F IR UE— A Pl A AERR I T
FE i PCR FARMY SNP Z3#Hr 7 ik s X 24 0p L85
fIER FSHR JEF /0 RN 25 R0, BT e Je
) 2 A~ SNP i 45 58 1Y & A 5 R A E G it 2%

& % X W

[1] RASHIDI H, RAMEZANI TF, BAHRI KM, et al. To what ex-
tent does the use of the Rotterdam criteria affect the prevalence

of polycystic ovary syndrome? A community-based study from the
Southwest of Iran[J]. Eur J Obstet Gynecol Reprod Biol, 2013,
174(3): 100-105.

[2] VILLACORTA L, CHANG L. The role of perivascular adipose
tissue in vasoconstriction, arterial stiffness, and aneurysm[J]. Horm
Mol Biol Clin Investig, 2015, 21: 137-147.

[3] NORMAN R J, DEWAILLY D, LEGRO R S, et al. Polycystic

ovary syndrome[J]. Lancet, 2007, 370: 685-697.

DU J, ZHANG W, GUO L, et al. Two FSHR variants, haplo-

types and meta-analysis in Chinese women with premature ovari-

4]

an failure and polycystic ovary syndrome[J]. Mol Genet Metab,
2010, 100(3): 292-295.

FU L, ZHANG Z, ZHANG A, et al. Association study between
FSHR Ala307Thr and Ser680Asn variants and polycystic ovary
syndrome (PCOS) in Northern Chinese Han women[J]. J Assist
Reprod Genet, 2013, 30(5): 717-721.

MUTHARASAN P, GALDONES E, PENALVER BB, et al. Evi-
dence for chromosome 2p16.3 polycystic ovary syndrome suscep-

5

—

[6

—_

tibility locus in affected women of European ancestry[J]. J Clin

Endocrinol Metab, 2013, 98(1): 185-190.

HARRISON C L, LOMBARD C B, MORAN L J, et al. Exercise

therapy in polycystic ovary syndrome: a systematic review[J]. Hum

Reprod Update, 2011, 17(2): 171-183.

[8] SHI Y, ZHAO H, CAO Y, et al. Genome-wide association study
identifies eight new risk loci for polycystic ovary syndrome[J]. Nat
Genet, 2012, 44(9): 1020-1025.

[9]1 DU T, DUAN Y, LI K, et al. Statistical genomic approach iden-
tifies association between FSHR polymorphisms and polycystic o-

[7

—

vary morphology in women with polycystic ovary syndrome [J].
Biomed Res Int, 2015, DOI: 10.1155/2015/483726.

[10] NAGAI Y, MIYAZAWA H, HUQUN, et al. Genetic heterogene-
ity of the epidermal growth factor receptor in non-small cell
lung cancer cell lines revealed by a rapid and sensitive detec-
tion system, the peptide nucleic acid-locked nucleic acid PCR
clamp[J]. Cancer Res, 2005, 65(16): 7276-7282.

[11] ABD RAHIM MR, KHO SL, KUPPUSAMY UR, et al. Non-

invasive dna sampling for molecular analysis of beta-thalassemi-

a: amiable alternative sampling methods with accurate results for

pediatric patients[J]. Clin Lab, 2015, 61(9): 1325-1330.

ESPCW GROUP. Revised 2003 consensus on diagnostic criteria

and long-term health risks related to polycystic ovary syndrome[J].

Human Reproduction, 2004, 19(1): 19-25.

BAlI R K, WONG L J. Detection and quantification of hetero-

[12]

(13]
plasmic mutant mitochondrial DNA by real-time amplification
refractory mutation system quantitative PCR analysis: a sin-
gle-step approach[J]. Clin Chem, 2004, 50(6): 996-1001.

[14] YOU X P, ZOU QL, LI JL, et al. Likelihood ratio test for ex-

cess homozygosity at marker loci on X chromosome[J]. PLoS

One, 2015, 10: DOI: 10.1371/journal.pone.0145032.

WUNSCH A, SONNTAG B, SIMONI M. Polymorphism of the

FSH receptor and ovarian response to FSH[J]. Ann Endocrinol

[15]

25 -

www.fineprint.cn



http://www.fineprint.cn

RS EAGE 526 %

(Paris), 2007, 68(2-3): 160-166. docrinol Metab, 2005, 90(8): 4866-4872.

[16] KEVENAAR ME, THEMMEN AP, RIVADENEIRA F, et al. A [18] DE KONING C H, BENJAMINS T, HARMS P, et al. The dis-
polymorphism in the AMH type II receptor gene is associated tribution of FSH receptor isoforms is related to basal FSH lev-
with age at menopause in interaction with parity[J]. Hum Re- els in subfertile women with normal menstrual cycles[J]. Hum
prod, 2007, 22(9): 2382-2388. Reprod, 2006, 21(2): 443-446.

[17] GREB R R, GRIESHABER K, GROMOLL J, et al. A common [19] HALUPCZOK J, KLUBA-SZYSZKA A, BIDZINSKA-SPE-
single nucleotide polymorphism in exon 10 of the human follicle ICHERT B, et al. Ovarian hyperstimulation caused by go
stimulating hormone receptor is a major determinant of length nadotroph pituitary adenoma-review[J. Adv Clin Exp Med, 2015,
and hormonal dynamics of the menstrual cycle[J]. J Clin En- 24(4): 695-703.

MIBIT (P ERKEZEE)

(PEANREFLE)E T 1991 4, 2 —AEFEZOEFZRAHR . P EAREFERFTIREIE, T é
KFhIEERA D Q) FIARIBABEHFNRE T KRES T AHBAR RAEBIEFFRIAFEFFL
ERARE, B EEREF LAY BT BN ES T ARG HER FRR, ZA AT K
EHTAARWEFHAFRELRLFERRKF, RABNIEFFRLANETZE M, THANE NI EZAE
Ttk ARG A K AR E, do P XS B (F S B2 B EE 2008.2011 A= 2014 #7) . B A L
5 3] S HE B Bp o B A LA R 1R (CSTPCD) % # LAE (A)) F B 5 Rl 22 &3 M348 & o
B F) W A LA B (CNKI) P AP 3038 & P SO 4 B 52 00 F) LR34 (CMCC) (A2 2 " 3l "
FoP B 4 B S EREF

(PEAREZZREVERARE GREF R AR EAR ERIRE  FRIRE ARAREFLZB, £
ZRBEENIMEREST EBES A EFAREFHLFAGHELL FHHER IFTRR, ARERESTT K
F A EERIZE DEFAS, TREHFA REHTZAHBEAR,

(CPEAAXREFZE)VAEAT, BFRAETAALGE), 2T AHEFR, REKE, AR 909 3
BRI HE . 45(880 x 1230 mm) , 3+ & K A 200 g % £ 45 HLI 47 ik 4% (635 x 965 mm) P &, AN A 15.30 B
Bk, A 35T M, &F 840 L. A~ AAT, B AL —F5 :CN 43-1225/R ; B FRA7EF) 5 :ISSN
1005-8982; E M ¥R E AR 5 :42-143, KEHT% A P ey L 3R By (BT )3T H, T 3 E 33T H 4T A5 KF) L 47
SRPLZITH

BRA M K kAR 87 5 (F BILK B F 4 &) RATER, ¥R % : 410008

W, 7% :0731-84327938; 4% £ : 0731-89753837 ; E-mail : xdyx99@126.com

ot — B M 3k : www.zgxdyx.com

F AU At :m. zgxdyx.com

CF B E 5 2 &) % HE31

- 26 -

PDF pdfFactory Pro www.fineprint.cn



http://www.zgxdyx.com
http://www.fineprint.cn

