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ABSTRACT

Polycystic ovary syndrome (PCOS) is hormonal imbalance condition as the endocrine and metabolic disorder that induces
theinfertility and various complications in reproductive age women. Estradiol valerate (EV) is used hormone replacement
therapy in menopausal women and is reported that excessive administration of EV induces the PCOS. Nerve growth factor
(NGF) is the factor to regulate the survival and maturation of developing neuronal cell and is also synthesized in ovary.
And NGF is overexpressed in EV-induced polycystic ovary (PCO) as previously reported. Therefore, this study examined
the possibility of NGF as can be used the biological marker in diagnosis of PCOS, the hormonal imbalance condition,
using PCO and CHO (chinese hamster ovarian) cell lines. The concentration of EV treatment is optimized a 1 mg as not
influence on the proliferation of CHO cell but 2mg and 3mg of EV treatment have the inhibition effect at initial stage.
The morphological change was not observed in CHO cell after dose dependent manner treatment of EV. Expression of
NGF mRNA and protein is significantly increased at 30 min after EV treatment in CHO cells compared to that of control.
And NGF protein expression is strongly increased in PCO tissue, which observed many follicular cysts compared to
normal ovary tissue. Taken together, overexpression of NGF may be act as a molecule to induce an abnormal
development of follicle, suggesting that NGF can be used as a biological marker in diagnosis of PCOS.
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M =

thdAd HAaZ=F 7 (polycystic ovary syndrome, PCOS)-2-
74d7] A delubs 7P &7 - EH] 9 djabdef o]
o} (Vaitukaitis, 1983). PCOSE Aol A ke, 28 20)
=AAE ] an wlishel] FhedsheE thekst 32 Rt AAlat
B2 A 9 Rulo J3Fe 7|3 o=n Fujsty 747
of &3t Ble FEsla, == sxIc I WEu)A
oE doA o=F wvt TE|x gy 2 IS
ol o 71t} (Laraet a., 1993; Franks, 1995; Balen, 1999).

217323 29 A} (nerve growth factor, NGF) = wHA] 3291 417
Alze] A& As5E 23 AAEA, I 52 A =,
WepdAdz T3 P Az} 22 vjAlAA A Z2ewt
ozl A4, s, HERA|, FA 53 22 i) 246l
A ERjEE 7oz ofel 3] v (Sofroniew et al., 2001). NGF
BB A 9 954 Al el Fed
&g 3k, ok=I| A T o] mAIALR ot 3ot (Snider,
1994; Toyoda et al., 2004). T3k NGF: 74| ZorEe] 713}
o Feddtar, Az liEat 954 Agl FrkEand
F9lell A mIAAbH o= whaslglu) (Tokushige et al., 2006;
Tokusashi et al., 2009; Seidel et a., 2010). }4:0ll A NGF=
e Alzer] F2 A E 3, w6l o3 dav)E
o] zAeo|| Foddlc}(Laraet d., 1990; Dissen et al., 1996).

Estradiol valerate (EV): =7 7] oJAl2] 32 % X84 A}
ST 2EZA dAEA F sEA A FA
735 PCOSE sl Aoz okelx 9l (Doren, 2000).
EVel 9d f=% thdAd i (polycystic ovary, PCO)2] f
Foll= w@2 5] AAAFE] EA8LL, o] 7> WA
o] AIuks-3} AtE o] vk e 3l (Stener-Victorin et
a., 2003). PCOS JA) 2 A gz 2By} Yz Ts2 R
HlEo] AN ARG ol dayds} 22 v FErt
wrslar, o] 712 Fulghe] Agle] o (Taylor et al., 1997).
EV X2l dael Al NGFe} NGF 48415 g Flo=
A w7 wede] AARAEEAQ] k2o IV =3¢ £
£ A= FANT|EH, o)& <l dAal] AR =4
2 E P v ez Frtste] wag Aol R
= 7oz nygch(Bariaet al., 1993; Laraet a., 2000). o}
A B AFe M S22 B3 el PCOSe| i
A NGFe) Wl opdg A4} whave} wlwstel PCOS| A%
4 mAQlAlzA L) FRsd e FstaA sgieh

ME 2wy

1. CHO M|zZ2| iRt

FAE A A 239 CHO A ZE 2% 10° 42 60mm Hj

& Al AFstar 5% CO, =5 FAsks w7l
ujj oFsloi e}, wekel-2 Dulbecco’'s Modified Eagle’s medium
(DMEM; Gibco BRL, USA)el| 10% fetal bovine serum (FBS,
Gibco BRL)=} 1X antibiotic-antimycotic solution (Gibco BRL),
1X non-essential amino acid solution (Gibco BRL)-S- A 7}5}]
A-g-sked ek

2. MTT assay

3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyl tetrazolium bro-
mide (MTT) A< <)), CHO A=+ 5x 10* cellsmL 2]
srz 96wl Mo HAG 27 BFssich Bedix
M EZZ wjeFdlt & 1247 =9F serum starvationdl o<, EV
(SIGMA, USA)E »=x ¥ (1mg, 2mg, 3mg) Z2&]32 A|7+ ¥
2. (64171 124171, 244178) 747k Mgk o] F PBSo) 0.5%
Fx2 3A8 MTT solution (SIGMA) 20uLE *7}ste] 3
A7t 5t 5% CO, ulf71oll A vl Fstdet. v MTT 8-
< A 7%}a1, DMSO (dimetylsulfoxide, SSIGMA) 0.2mLE &
7Fst &, 590nmel| A F4 =S =AY}t EVE Sesame ail
(SIGMA)e]l o4 2j2]3}s] 3z, oilwk 22|38k A& ol =+
o= Abgsigeh

3. MIZEl 2

Azt ¥ EV Aol oJgt M xo] et wsts s}
7] 838 CHO M 22 2x10° 4= 60mm ujeF H Ao HE
lar, o83 7kA] weFsled Tt 124)7F E9F serum starvation
g o BV 1mgd 27 A2]ste] 30, 14]3h 3412 1]
3 6417k F Betde] 7 (Olympus, JPN)& F3ll Hastsict.

4.PCO R=

FA7F 190~210ge] 3 49 1Ao7 AF7]S RHoelx= 7
F3 = 7l Sprague-Dawley 213 (Samtako Bio, KOR)el|
EV 4mgs 854810, 60 = PCO7E geldl Z& Ad
o Abgstedeh Ak w A A 717 B ARBAE &
23+2°C, Al 4% 60+10%= $X3k3 1247k =
7h SARHE A Amsh A5E Afze] FTFAA
o2 e Adshm AYEEae Aol 2ste] e
cific pathogen free(SPF) 42320 S-EALSA| S o] 43131t}

f

=
Sl

5. & RNAZEN ATMSEEAS

(Reverse Transcription and Polymerase Chain Reaction)

MEZz2HE &= RNA 332 Tri reagent (MRC Inc, USA)
£ o] g3l W A z3rte A AT APAME F3

3teith = RNA 1ug$ AMw A DNA (Complementary DNA,
cDNA) 345 ¢]s] AccuPower RT Premix (Bioneer, KOR)
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o] AH7}ste] JAAL(Reverse-Transcription, RT) ¥H-3-2- 314
37, AccuPower PCR Premix (Bionee)ol] A1l cDNA 1uL=
A 7}Vsled F3FE AMES- (Polymerase Chain Reaction, PCR)-S-
43805199t} NGF E-0]& =g}o]w el Forward: 5-CTT CAG
CAT TCC CTT GAC AC-3, Reverse-5’-TGA GCA CAC
ACA CGCAGG C-3, 18] a1 vz a9l Glyceradehyde
3-Phosphate Dehydrogenase (GAPDH) 3zz}o]m{ ¢l Forward:
5-CCA TGG AGA AGG CTG GG-3, Reverse: 5'-CAA AGT
TGT CAT GGA TGA CC-3'& A|=}s}q (Bioneer) PCR ¥F-&-
o] ARg3leit) vke-x=71-2 NGF7F 30 cycles, 94°C 40,
64°C 40%, 72°C 40%°] 37, GAPDH*= 30 cycles, 94°C 30,
56°C 30%, 72°C 3022 7+7t AdAs)9ich PCR BH-S- & AJAk
B2 0.5X TrisBorate-EDTA buffer (TBE buffer)e]] Ethidium
bromide(Sl GMA)7} A715] 1.5% 5 =2] o7z A A7)
=3t & Ge-Doc(BioRad Laboratories, USA)ol| A &4l5}13]
o} A7)3%E & 2ql¥l NGF¥l= Z7]+ 582bpe] 2 GAPDH
£ 19bpiet. 2t W=e] "= 24 gl A2 ScienceLab
Image Gauge (FUJI FILM, JPN) =2 7218 o] &-3}3ic}.

£ (western blotting)

AEZYE NGF e o] Bgde 4517 9)ste] wY
sha gl 73 2e Algslelth Al Zel 150mM NaCl, 1%
NP-40, 50mM Tris-Cl (pH 7.4), 2mM NaVO,, 2mM Na,P,0;,
50 mM NaF, 2mM EDTA (pH 7.4) 783 s ABs) g4
A A Q] leupepting} aprotinine- A7} NP-40 lysis buffer
< 01_9.3]_0;] /‘ﬂiﬂ ﬂ—u}}z] o z;s}oﬂc} %]— 1’4—&1—}112_
30ugy ZHzt 7o k& AHaksle] AlFe| Al43}9 1 SDS
12%-polyacrylamide A& o] &3} A7) %4 A3lsle] =+
wizle Balsielch ®e]®l hlAS nitrocellulose who =
o] %-A]7] &, blocking solution (1X phosphate buffered saline,
PBS+5% skim milk)ol| A} 1A]7F FaF Al ub-g-& gt o)
A& &, Q= blocking solutionel] 12} 3}FA13] anti-rabbit
NGF (Abcam, UK) 3} ¢} anti-mouse-B-actin (SIGMA) 314
= 7b7t 1:2,500 v &2 A 2]sla 4°CellA] 16417k St ut
SAZ . tge 2 AlE ¥ HRP(horseradish-peroxidase) 7}
7% goat-anti-rabbit == goat-anti-mouse 22} 3}4 (Santa
Cruz Biotechnology, USA)E- 1:10,000 v]-&-=2 *]g]slx ECL
(Amershamphamacia, UK) o1& o] gafe] WalA7l 3
chemiluminescence film (Amershamphamacia) & ¢]&-3}e] 3
Arsladet A4 EEo] Yepd NGFi=e] =7]= 27kDa
o] P-actine 42kDacz 27} shelseleh A4 F e
b llee] Ax 54 9l A2 Science Lab Image
Gauge (FUJI FILM) =2 7215 o] 43}t

0.08mL 2] 3 (Bayerkorea, KOR) &£3}98-2- thE|Hef =
o] AR F AN s A2, 42T
A= ZA] 1A (4% paraformaldehyde, in 1X PBS)el] 27|
T 4CAA 7 Bt mAsr) Ted 1X PBSg o
2A17F A& s}haz, 70%, 80%, 90%, 100% I, 100% I1, 100% I11,
100% IV oeke 2] sl Daslglon, udos =
g3t 4 A3 F sk AFAA 2lEde) gebd
xvj¥l %28 Leica820 (Leica Instruments products, GER)
< o]43le] 6um £ = AH-E 5HE F 3-(trimethoxysilyl)
propyl methacrylate (SIGMA)2 ZE % f2] &glo]=d &
23 37°C AlA7] 9ol 31 E9t Ax3ledc)

8. HEXXI5|SHM HAH (Immunohistochemistry)

FHE =4

RS A |, xda (], 2L 6] 224
g2 584 x2]sle] ehvlelae lar 100%, 90%, 80%, 70%
olekgol 27t 584 wAAoz

4319t 1X PBS ¢+
Moz zAES 5RA ) H MH = 10mM sodium cit-
rate 9+ (pH 60)21 99°C°1]A1 2057} zqa]s}oau} i3
A A W AAE & 12} blocking o
gkzal (0.6% H,0, in Methanol)
S 2087t ARelA A mE flel At oAl PBS
2 AR S 584 A WH A|Z3}32 normal goat serum
(Vector Lab, USA) 15uL= 1X PBS1mLo]] 3]A3t §H4&
202-7¢ *J%ﬂl*i #2]sh= 22 blockingS- =233}t Nor-
mal goat serumz] A el-g 7keks] A AE T A =$ norma
goat serum 34 g-oe] NGF 314 (Abcam)E 1:5002] v]&
2 3M3te] 4°Ceoll A 16417 F<t At o2 2, 1X
PBS= 1087} ¥ W A% % 23} 3x]ql goat-anti-rabbit
IgG (Vector Lab)E 1:200 v] &2 T £dq0] 34 3sle] =
AlEE el AF2elA 2087 A ggez 1X
PBS=Z 10%7t 23] AlA %, Ag-317] 3024 1X PBS £
o] 3|43 ABC A]¢F(Vector Lab)& == 78 2o 2087+
HESAIF . B IX PBSZE 1087 23] Al A S 7]
37 0.05% DAB (Deaminobenzidine Tetrahydrochloride; Vec-
tor Lab)E o] &aled MAAZ] T A ZRG 23} Z7{FS50
1027F AlA sk e gz o2 Hematoxylin (Samchun
Chemical, KOR)& A}&3] 15%7F 94 3}glar, ofA] 23}
2Rl ANT F 2R P4, 5 P 29 AHE
Saelgieh 9aE zAEe Behan) A (Carl Zeiss,
GER)% %3] IHa-sgic).

9. S/4EA

= A§e 3

W, A A3 el BAH ¥

—EI—\_ = fRs
9J8l] Excel 2007 sz =2 18] (Microsoft, USA)-S o]g3}o] =%
3z} 2 Student t-test2 48] 311}, Student t-test F-A o]
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A p<005= FASH o= o174 Hol7t 9hg& vtk

N
hd
X

1. EVX2|7t CHO M= ZAloj| O|X|

27 W NGFS] 98¢ #el3l7] Ao C
3 EVE] NZESAS detrr] $ld) *ﬂ—*—* Xlﬁé—lfﬁ‘ﬂ
MTT 48 $33l9lc} CHO A Ze]] 1 mgH-E] 3m U}Z]
o] = WS At EVE Ziﬂ?ﬂi, MTT A
FE=E AT 23 647 F EV 1mg A2 % *J—Z—
of Wls} FF= Fhe]l HelHAINL oil Az
ARt 2~3mg 2o FE= P

(A) 15
14
13
12

11

Absorbance (590 nm)

rr
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23} wl5aiee.
647 ¥ 4

oil B zzell )8 f21a 23kek(Fig. 1A).

2. EV 2|7} CHO M|Z2o| HEHol| O|x|[= Het

Nz =gl EV 1mge CHO Az Mg %
Az Fejstd wis f55 PeEn|ds S AzEe
AT BV A7l F 30, 143 31 223 6AIRE &
o MaEs} Aol Fefd Aol HA=A] egket(Fig. 1B).

3. CHO M[ZZOflA EV X2|o| 2|8t NGF mRNA 2! cHiix]
el

EV 1mg A2 % CHO A Zo]4 NGF mRNA 232 EV
A2l 30 Foll ol vl 2200 2§20 QA S7tst

—— N
-0
—A— El
- B2
—3— E3

(B)

Oh

6h

12h 24h

Fig. 1. The effect of EV on the proliferation and morphological change of CHO cell line. (A) After 6 h, a2mg and 3mg of EV treatment decreased
the proliferation of CHO cell compared to normal or oil control. But 1 mg of EV treatment was presents a similarly to normal and oil control in
CHO célls(N: normal; O: ail control; E1: 1mg of EV treatment; E2: 2 mg of EV treatment; E3: 3mg of EV treatment). (B) The morphological
aspect of EV treated CHO cell. There was no morphological change after 1 mg of EV treatment in CHO cells. Bars indicate 100 um.
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Fig. 2. The effect of EV on the NGF mRNA and protein expression in CHO cells. (A) In CHO cells, the expression of NGF mRNA was signifi-

cantly increased at 30 min after treatment of EV compared to control.

(B) The expression of NGF protein was significantly increased at 30 min

after treatment of EV compared to control as well as expression of NGF mRNA.

PETT S A TR
4 By T %{:"‘f

3
%
3 0

A
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e

Fig. 3. Differential expression of NGF between normal ovary and PCO. The NGF protein was strongly expressed in PCO (B) compared to
normal (A) ovary. NGF protein was localized dominantly medullar from cortex in PCO. Arrowhead indicates the mature follicle and arrows

indicate follicular cysts. Barsindicate 10 um.

A} (p<0.05). NGF mRNA uH-2- 3x|7474%] Z7}3)9 0.
1 BA17F Fol|= 3A|7HAof| v]3l] 28] 7FA3)eloh(p< 0.05)
(Fig. 2A). CHO M| Zel|A] NGF thiA whed-2 EV A2 30%
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4. PCOO|IM NGF EHHzl ur5

o

Ao A A Fel
o1} PCONME HFEFHE
, Th=o] dxito] 3oz} NGF w2
of vls]l PCOIAM 7k, " R
B £33 Zo 7 A5 (Fig. 3)

VRS A )
B R
0

4z

nl &l

AHRoE 2R F 8}1/}91 qArER AL FEPA A
A ZZAE S7AA d2idgs 3T Bt ofe} ek
3 2o Nz2A} %E}% ZA k) (Ferin et a., 1997).
da7E AAE HAF e rEZAS AsH A =
Aol A A ZZAA = 9zk]] cyclin D1, D3, E Z28]3 A9
i S Z7HA3S (Zhuang et al., 2001). =7 of &
EgAL Al 2 2] $4e SIS
(Creasy et al., 1992; Li et a., 2011). &) QJF o] o ~E=
A 1mge A2)sh 49 Foll FAME 57} kAt Fo
g ol ¥l oA Al AR, dAERA M A
Aol £ o] =218 A A|F (Do et a., 2002; Proto et al.,
2011). =3} bas AAT ol FAe2iE2A F 3}
1}¢l conjugated equine estrogens (CEE)9HS A|2]spbH 41t
o] AqimH ZoAM 2ol Hls) caspase-3 T
S Z7MA A ZAFES Z21A) 25 (Corner et al., 2005).
3 EV 2mge Aeld 95 FE 334 ) HzAb e
27}l ek (Shirwalkar et a., 2007). 2 oA/ = CHO A
¥o) EVE 2mga 3mge 27+ A2)sta, 6417 & A2
Ao Ha wi ol dlzpl wls) zhastele) shAg 1
mg A2 Al Az F ol 2] Mzl Hgt 2}
o= glleh =8 BV 1mge Held F A7) wpe A=
o) e Wk B2 Qokeh wlebd Hed BV He)
£ CHOHZ8] ZA& 7)o A5k 7oz Az
=3t dx Ao mI]AdAFel#} (epidermal growth factor,
EGF) 5=+ PCOS oA o] A4} A v} w4k 3, x5
29] AA-e A3kt (Artini et d., 2007). G241 Alo) =7}
qlel Zokz|AFQIZ} (tumor necrosis factor o, TNFo) ] w2
o) Fxi PCOS of4o] YA due} ok, Wadss
)] 3ked ok (Amato et al., 2003). =3F A|AFsE T 2N 29}
2 AM £l TNFoZ 2253 NGF mRNA HHg & 2u)7}
Z7}sl9d}h (Taishi et al., 2008; Takaoka et a., 2009). twheha]
EV x2]7} CHO | oA NGF 28 2712 =3l 7o
2 3o} NGF #h2al-& PCO 347 LA Bdo] 9& 7
o= Az,

kel A NGF= w3k A b o) 2= Al 3ke) )
A& FRAF oz GGl Fedgi}(Dissen et al.,

ook

%H

1

1996). 1818 NGFZ #}+& A)71 neura progenitor cellse-
el o]A g HF o rERA FEr} 2T v
27183, AA FESIE 4= 71430 (Dissen et al., 2000).

=3 PCOS o4 dFxolsh Fze] AL wjors] o
NGF 5= A} of Aol v]dl =9kar, Wz oA NGF
2 pryst=s 223 479wk P4 A7 w5
agor), s FEFAE 571 Z7HY

_l

ZHa =3 NGF=
LA AF 9 Fx AGA £ A EAFE T dEd F

ot

°>~

32 izl vls] =A Z7}3loh(Dissen et al., 2009). 31
# daollA) NGF mRNA 28l g9 child ma)= EV X
o] o3 =LA F7HIR, Alzke]l Ades A g =
EV #2] Al AA dxsdE 55 2ragl ot NGF 3]
2 FJstd oA AA Fo 7 3)Ego)(Laaet a., 2000;
Pak et dl., 2009). 3 Aol A] = CHO Ao EVE A 2)5hH
NGF mRNA 5l =hifd whg o] ofj 2ol W]sf 308 Fol =

A Z7HII, A E w276 Rasteleh =3 BV A2
o3 PCOS7} 4itsl 314 daell N Aodzel dxg

rf'

2 el we) e $7h #R en) NGF il
W& = 27K NGF #h e e malAA S shes
DA 8F AT 28 FAYY 2R
T wree AR FYeEA Bhds S5
7& A 7)= o= B gt (Dissenetal., 2009)
ety o)4e] AshEg FFSU BV AP F daselH

=T NGF S v deigs fusie o
A2 24T Ao weln, HhiAdA A A AR
24 A4 5 9lg Aoz Yes

= |
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