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(57) Abstract: The present invention provides an analysis method comprising a step of measuring, in blood of a subject, the over-
expression of a gene encoding one or more proteins selected from the group consisting of compliment component 3, fibrinogen a,
fibrinogen f, fibrinogen vy, ceruloplasmin, and sex hormone-binding globulin, in order to provide information about the diagnosis of
premature menopause. Also, the present invention provides a kit for diagnosing premature menopause, comprising a molecule capable
of measuring the overexpression of a gene encoding the protein(s).
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o] A& 50T o] T7F HH H A4S A A "ot X7, 2719 7 (premature ovarian
failure, POF)-Z 40tH o] Al el 7] 7 = 23
GETF A a2 G E o

3} =
aPobx sk WA X 5ol o) v £, AT A AR §
e}

Premature ovarian failure. Prz Menopauzalny, 16(2), 51-56.
doi:10.5114/pm.2017.68592).

404 o] Aell 6704 o A7k aL, 4T FFEAST ZLL(FSH) O] 40 [U/lter
ol AT T VAP o E et ey, 2] H A o] e
XA T 2 E(FSH) ol W 2 &8k Alo] ol Y, theFek 1A}

18] ¥ of oF gF(K. Jankowska, Premature ovarian failure, Prz Menopauzalny, 16
(2017) 51-56; M.B. Bhongade, et al., Effect of psychological stress on fertility
hormones and seminal quality in male partners of infertile couples, Andrologia, 47
(2015) 336-342). o & E°1, ZHAH o] 2 E 2}t & (estradiol, E2)-> 3] =M

AU GS 2 A A ¥ 3HA A (anterior pituitary gland)S AF=13FA] ] AL, 71
AN GEASTEE(FSH)S S7HA It 8, 27] 97 $Afol A &h-E e
% = F(anti-Mullerian hormone, AMH) <+ |- & sl o7 o] gl oy,
ubeb A 27 8 A o] Ak vA 24 AFE-5 51 QI THK. Jankowska, Premature
ovarian failure, Prz Menopauzalny, 16 (2017) 51-56; A. Kruszynska, et al.,
Anti-Mullerian hormone (AMH) as a good predictor of time of menopause, Prz
Menopauzalny, 16 (2017) 47-50; Y. Tokura, et al. The significance of serum
anti-Mullerian hormone (AMH) levels in patients over age 40 in first IVF treatment, J
Assist Reprod Genet, 30 (2013) 821-825). AMH+= & - 43 (preantral follicle) 2
3 (antral follicle)ol] 2] &l A o}, 2757 A S 9t & o

Hpol QmpA 2 A of 2-gH )

3 2 E] @ W A~ (Proteomics)i= A ¥ o] Hlo| QA E F A sF=d AEEH 4= AT}
I 2 9~ A HLE 239 A 7] 9 F(two-dimensional electrophoresis, 2-DE) 2
NA A2 v E 1 9)-A 7 2 (liquid chromatography-mass spectrometry
(LC-MS/MS)< F3to] vto] @ mpr & w3t 7] Yste] ALg¥th. o] o &

LR QA ol B2 A4 Ao ulolemAE FA Y] fl5ke] AHEH
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2

vl 9] 2 1(Y.S. Kim, et al., Proteomic analysis of recurrent spontaneous abortion:
Identification of an inadequately expressed set of proteins in human follicular fluid,
Proteomics, 6 (2006) 3445-3454; M.S. Kim, et al., ITI-H4, as a biomarker in the serum
of recurrent pregnancy loss (RPL) patients, Mol Biosyst, 7 (2011) 1430-1440; S.
Angelucci, et al., Proteome analysis of human follicular fluid, Biochim Biophys Acta,
1764 (2006) 1775-1785), A A 7}A] 7|5 7 o] th &t vlo] Qn}A 7} -4 4 o &2
sgE vk ok dolrh, A2 e delo gy 2Y]u g o] dde] Zhe i d 9
apol @ mpA ol thet FA o] TP Aol &=L 3

g o] A A

713 A

Vg 2E S 27973 & Xad = Y= vlol enbA, 53] Al R EA A
ol dollg Abgsto] 27| A S X e ¢ &= vtol A & F 45
#35le1, 2-DE-MS/MSE 53 Z2H QB A~ A& astleh. 1 A}, B
252 279 4 1 B ste] o] Hol eelxl vt gli= 68 2] 54 vz = o]
271974 @Ape] oo M #htA H o= Ag e lo)h wekA o] & A g
It AE2 279 A4S Adet= f85HA AFSE - 9leH, o]l &

“A =2 2V g H g vpol e 24 AREE 5 Q)
ghA], Bl 2 27| el Qg HARE A Yste], 47 54
A S o] &5 FAHNH S ATt Ale HA o= gt

EEH E g e A7 54 dA S I ek fAAY] HdEsE SA4T
N HAE EdbeheE 2] Y g T EE Alwehe sle B4R gt
HA AE s

B of o e Fel whet, 2719 A dte] ok dHE A Fatr] Hste],
t/dAke] ol = ASEHE ¥ W E 3(Complement component 3),

to
B

3] H 2] %= @ 7l a(Fibrinogen ), ¥ ¥ 2] = @ 7l B(Fibrinogen ), ¥ X 2] =
v(Fibrinogen v), A& 2 & 2} 2% (Ceruloplasmin), 2 A 2 2 &2
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[18]

[19]
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[21]

4

Ao AAIE AT FH A I

Vg ae2 27|94 gAbe] "ol dAE W eho]
2-DE-LC-MS/MS(two-dimensional electrophoresis-liquid chromatography-mass
spectrometry) w-21-& =8 3F5) o, 27| H A x|} 2ol A TE 2pol &
et = Sl A &S FA ST A H 27 H A Ao Al oA o
sk el A of kg A2 A ~® £ (Western blot) 71 & 53l
ANAFste] 652 A= = ASEHE X W E 3(Complement component
3), ¥ B 2] = 2 7 a(Fibrinogen a), 3] B 2] %= 2 7 B(Fibrinogen f), ¥ H.#] =2 7
y(Fibrinogen v), A & 2 & 2}~ W (Ceruloplasmin), 2 4 T 2 - A3 &2 8¢ (Sex
hormone-binding globulin)S- &4 3T} o] & 6&2] W d2& A2 ¢Fo] &S
Abgste] 271974 & Xaetr] §18k vlo] enpr 2 A 283 4= 3l o1, Holrt
271974 o] A EHA 71 A Aol F&et A AFEE S Ao E
7]t

2 2 2V A o] S AR E ATst] |k, Ak 9 5
AZY W E 7 X W E 3(Complement component 3), ¥] H 2] %= @ 7l a(Fibrinogen o),
3] H 2] = @ 7l B(Fibrinogen ), ¥ ¥ 2] = 2 7l y(Fibrinogen ),
A S 2 Z A" (Ceruloplasmin), 2 A S 2 - A3} = 253 (Sex

S|

B G A Aol A, 7] "2 (overexpression)" o] 2 $F2 A A<l

1917 A0 % AL mP e fA47 Dol o
oM. 7

: 4

g o] ¥4 7] @ Bl ol & A sk
FAARE B 3 Eo] gon, weba T vl 1 fAx IS 2
whgd of FAlHbH o)) o] 8 = gtk HEHHE A XY E 3(Complement

component 3)&] TF A A A D {FAA} AL 2 AHE 12 1637 )
] H 2] = @ 7 a(Fibrinogen a)i= 2719 A7 48 A o, @il d A d.e
247} e &2 9 33 a1, ole] fAlAl ML bzt A 17 2 183}
2} 3 B 2] = 2 7 B(Fibrinogen B)% 271 2] S A7 L&A 9o, A
NAEe 247t A S 4L 59 a1, 0]lo] FAAANLDLE 47 AdHE 192
203 £}, 9] B 2] 5= @ 7 y(Fibrinogen y)5= 271 9] & A 7} & A 9l o
Ao 747 AN E 6D 73 g, o]e AR NDEe A7 HAHS

il A A
21 9 229} v}, A& 2 F AT (Ceruloplasmin) ] @A A 2§ 2|
MNEE A7 IS 8§ W 237 o) A S22 A% S 257 (Sex
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[22]

[23]

[24]

hormone-binding globulin)< 771 2] &3 A 7} <&l A ) o, iz Ao 7+7)
MAHZT 9 WA 159 oL, o] o] FHA LS A7 HAHT 24 Wi +] 303

2k ol2 aoretd a7l 194 gk,

s

[3£1]
wwa RIRALEA
AZTHE FAEUE 3 Complement component 3 AEd s 1 AWM g 18
A=A o fibrinogen alpha chain isoform| A€Wz AdME 17

alpha-E preproprotein

fibrinogen alpha chain isoform| ~JEHZ 3 AEME 18
alpha precursor

&
|z
AUl
X
o
B
™

fibrinogen beta chain iscform 2| A]9W=ZE 4 AEdE 19
preproprotein

fibrinogen beta chain isoform 1 AEHZ 5 AEHE 20
preproprotein

HHE|=2oA y fibrinogen gamma chain isoform| ~JEHZ 6 AdWE 21
| gamma—A precursor
fibrinogen gamma chain isoform| AEWHZ 7 AEME 22
gamma—B precursor

A=2gZglivl Ceruloplasmin Az 8 AL M7 23

A ZRrE-A% Z27E Sex hormone-binding globulinl A¥9¥HE 9 HqEHE 24

isoform 1 precursor

Sex hormone-binding globulin| A€¥a 10 AqEME 25
isoform 2 precursor

Sex hormone-binding globulin] A<YHsE 11 AEHE 26
isoform 3 precursor

Sex hormone—binding globulin] AEHsE 12 AEHE 27
isoform 4 precursor

Sex hormone-binding globulin| AEHZ 13 HqEHE 28
isoform b precursor

Sex hormone-binding globulin| AYH=E 14 EHE 29
isoform 6 precursor

Sex hormone-binding globulinl A ¥EHE 15 e 30
isoform 7 precursor

wheb, B g of A el QlolA], Y] Wil A g mE e fAlAe
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9 7 A}-PCR(Reverse Transcription PCR)
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[28]

[33]
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[35]
[36]

7
71gkaol] 155 of gz vhol Aol o] FE)E 7HH 02 A DNA A iz
w2 3 5ol A chip) B 55 ek,
olst, & A B Fstol TS A3 AT Tk, 7] Ao
¥oung e o Aahy] 919 Ao, Bomo] ol E Mool o8] Al g A
ohr}
A
1A B

BE gl A& gk 127, 13 237, tlE 136'8)2 20161
0€ -5 2017 12¢ Afolol] o ghrlo A 2ol 9 X g are] o &k wl <FQF
3 ﬂ(Korea University Anam Hospital).& Z %8 A& % 1T} AMH, FSH, 2
NEERZZAS T = HAbel| A8 27974 A5 X dst it e
AEL0.01 ng/ml W] THe] AMH 58 7|20 2 AEEl 3t} 2 mie] &
MES A7 27|97 S22 Aok A o &S 1,500 X
goll A 154 ¢t AAligste] 4 2 I =2 Fesieith 442 A8 S
A 3te] -80°Col A B ask3i et
(2) 22+l A 7] ¢ & (Two-dimensional electrophoresis, 2-DE) -2
x7|9 7 &2 31 o] A& AREste] 2-DE w4 -& e st Al Tt vl s 93
3v o] A AMES TR E2 4o ol &7 (Super control) & 2 AF-8-5} 31T
g ME-& ths 71138 Al A A = (Multiple Affinity Removal Column,
MARC)(Agilent, Wilmington, DE, USA)-S- A}-8-35}o] of 7}slo] & Lol A ol
W 5l 1278 o] WA 3 A A 5FA T, IEF(isoelectric focusing)<> 80,000 V/hr=
3-10 H] 4138 314 pH -9l (Nonlinear Immobilized pH Gradient, NLIPG) =
Al &8Ea1, 9-17% vl &3 A(slab ge) & AF-&-35Fe] Al Zhg)s}o ).
(3) Q-TOF o] = #2415 918 LC-MS/MS
L% HPLC A| 2~ &l (nano HPLC system)(Agilent, Wilmington, DE, USA)<
AR&3Ee] L= LC-MS/MS -4 & =38k 3inh. fietel = 2] & 98, e 3
Z & (nano chip column)(150 mm x 0.075 mm, Agilent, Wilmington, DE, USA)&
ARG LC #-2] & 98 ol 54 A= gol 2 59 0.1% L FA4
Fdolglom, o] 54 BE oA EHEY 59 0.1% LE4F & o]}l
AR ETHI] T 7035 59t 3% Bl A 45% B, 13- &<t 45% Bell 4 95% B
9% 52 95% B, H 104 & 3% BE A E F7hE] 5 v Atk 742
300 nL/minZ F-#] 3} T}, A A & 29] o] & 23 E &) -2 IDA(information-dependent
acquisition) F. =2 A ] S 300-2000 m/z (1.0 sec)ZF+H 9] ¢ 270 TOF
MS(one full scan TOF MS) 2 150-2000 m/z (1.5 sec each) Z-F 2] 37]] 4AH& o] &
2=7N(three product ion scans)®] A< Alo] &3 AME-3lo] Agilent 6530
Accurate-Mass Q-TOF & 2138131t} 3 Dao] A8 A= & 2l & F H(selection
quadrupole resolution)& AF-8-3to], 718 74 gk o] 2 O B RE] A ZFsto] ] A A
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[37]
[38]

[39]
[40]

[41]
[42]

[43]
[44]

[45]
[46]
[47]

8

m/z 458 A BT 22 A gLt sHH el 2718t FF | A S
AR &9 & ol A A 2= 8 (rolling collision energy feature)< A}-83}$1 T}
I AA o] m/z gholl thgt &4 o] ~FF 4 Al Zk(dynamic exclusion time)->
603 3T

(4) dlo] Bl H o] 2= 23 A

whld A dlol g o] 2ol A SlEte| = A S A 8] Heke] w23t

etar g = (http://www.matrixscience.com, Matrixscience, Boston, MA, USA)S

ARESER T A Y] V&2 v Ak 1L HF(taxonomy), 2. Wo] 7] 2~ a1 A
H 3l (mykiss fixed modification), 3. A| 2~ H| Q1 ZE7] of] A 2]
7} 2 35 Al o} v] &2 v € S (carboxyamidomethylated at cysteine residues), 4. 7+
¥ 3} (variable modification), 5. W E] 2.1 k7] o)l A 2] 4F&}(oxidized at methionine
residues), 6. F tl] &8 7}5 1] 2 A (maximum allowed missed cleavage), 7. MS
=& ¥ 22 (MS tolerance): 100 ppm, 8. MS/MS & & ¥ 22: 0.1 Da. E @10l 2] &
Zgle) o &) of7| ¥ &= A ghE a1 sl o

(5) A~ EglE

1,500 X g= 153 &<t dAl - glste] A& welstaitt 84 d v &
2X SDS @A 2 | ¥ 7 o 37 104 F<t &2 ¥, &S SDS-PAGE o
2yslar, 8 n]d gl dl &5 Q 2o} (polyvinylidene fluoride, PVDF)
u] A thg A 2 (Millipore, Billerica, MA, USA)°ll %At} 12} 4| & A7) 23t
g 4ol A WhA) 910l Mgk T, A A Bk, 23 A1 2 Zhafar 141k b
2l 2ol A Q15 o] A 551 T ECL A oF 8 9 (Young In Frontier, Seoul, Korea)<
e stel H5E AEAAT.

(©) FA

ﬂ%ﬁ@cuoaqgg%%ﬂmzﬂ%ﬁ”dﬂﬂﬂiﬁﬂwwmﬂﬂ>
Al A s 2 Eean (H-60) TR P A (s¢-20957), LF-E -3 H e w2 7
a(sc-18026), 2 -3 H 2] = @ 7 B(sc-18029) &A= Santa Cruz Biotechnology
(Santa Cruz, CA, USA)Z B <83t @il &-SHBG
T} 2 94 (CSB-PA12289A0Rb) = CUSABIO (Wuhan, China) 2 -] <15} T}
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[5=1]

200

M.W (kDa)
8

50 55 60 657.080 100
pH

3.0 40 5.0 55 6.0 657.080 10.0
pH

M.W (kDa)

0 3.0 40 5.0 5:5 65.0 6.5 7.08.0 10.é0
pH

55 6.0 65 7.08.0 10.
pH

5.0

3.0 4.0
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< SDS-PAGE gel >
(kDay €1 €2 C3 C4 CF Co CF ¥ “(1[;?]) Co CloCH CI2CI3CH4 CIACle
.+ WB:a-Ceruloplasmin 1405« s s em B s i 00|

WE:a-Fibrinogen a

* WB:a-Fibrinogen B

" |+ WB:a-Fibrinogen y

. " WB:a-SHBG

{ 2 3 4 5 6 7 8

(kDa) C17 CI8 C18C20 C2] C22 23 024 (kDa) C25 €26 C2Z7 €28 £28 €3¢ O3]

1808 = - . .oy - e ;
ey » * WB:a-Ceruloplasmin 140 =8 20 s & o ’

Amount of proteins : 20pg
< Non SDS-PAGE gel >

kDa) 1 €2 C3 C4 CF Co C7 CE

12 3 4 5 6 7 8

WB: a-C3
Amount of proteins : 3ug
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< SDS-PAGE gel »
(kDa) © RI RZ R3 R4 RS R¢ kpa)y ¢ R7 R& RO RI0RIl Ri2

* WB:a-Fibrinogen a

1. WB:a-Fibrinogen B
» WB:a-Fibrinogen y

« WBa-SHBG

sy € RI3 R14 RIS RI6 R17 RIS
140 WB:a-Ceruloplasmin 140

60

60 ¢

WB:a-Fibrinogen a 451

60
WEB:a-Fibrinogen B

WB:a-Fibrinogen y

WB:a-SHBG

Amount of proteins . 20ug
< Non SDS-PAGE gel >

£ R R2 K3 R4 RF R& ¢ RY RE R RIO RIL RIZ

180 | fud

C RI3 Rig4 RIS Ris RI7 RIS C RI9 R20 RZI R2Z2 K23

i 2 3 4 5 6

WB: a-C3
Amount of proteins : 3ug
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140 B s B e s s S *WB:a-Cerquplasmin.140 L

P2

P3
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< SDS-PAGE gel >

P4 PS5 PG (kDa) C

«\WB:a-Fibrinogen a

|« WB:a-Fibrinogen B

P

PCT/KR2019/012892

P§ P9 Pi0 PIl P12

(kDa) C Pl

P2

P3

P4

Amount of proteins : 20ug

< Non SDS-PAGE gel >

P5 PO C

WB: a-C3.
Amount of proteins : 3ug

P7

P8 PY PIO P1L PI2
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