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[ Abstract ]Objective : To investigate the value of metabolic profiling analysis of serum bile acids in the early diagnosis of intrahepatic
cholestasis of pregnancy (ICP). Methods : Ulira—performance liquid chromatography—triple quadrupole time—of—flight mass spectrome—
try was used to measure the serum levels of 27 known bile acids and 29 identified bile acids in 50 healthy pregnant women,51 pa—
tients with ICP, 14 patients with early—stage ICP,and 21 pregnant women with liver dysfunction. A partial least squares—discriminant
analysis was used to establish a diagnostic model of ICP,and the receiver operating characteristic(ROC) curve and logistic regression
analysis were used to screen out the bile acids as the markers for the early diagnosis of 1CP. Results : Compared with the normal
pregnant women,the pregnant women with early—stage ICP had significant increases in the serum levels of taurocholic acid, glyco—
cholic acid, glycine—conjugated bile acid with three hydroxyl-3(Gtri-3) ,and glycine—conjugated bile acid with three hydroxyl-5(Gtri-
5,P<0.05) ,while no significant changes were observed in the pregnant women with liver dysfunction. The ICP diagnostic model had a

sensitivity of 85.7% and a specificity of 95.2% in the diagnosis
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of early—stage ICP. Gtri-3 and taurine—conjugated bile acid with
three hydroxyl-2 (Tiri-2) were selected as the markers for the
early diagnosis of ICP,with a sensitivity of 92.9% and a speci—
ficity of 90.5%. Conclusion ;The metabolic profiling analysis of
serum bile acids is a highly specific and sensitive method for
the early diagnosis of ICP.
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GL YRR JAFUAE (intrahepatic cholestasis
of pregnancy,1CP) & —F i W H ™ 5 1Y & g SR A
PR, FE I U O G ST 8 IS B D AT ) B
JRARFE AL SRR (total bile acids, TBA) T 1
IFDIREZEAL ™ e UK S IE H Y, ) B2 G H
SR LG, B R IBILE N
il HEAWE KR LS WAL, ICP 7E R
IR RN _E IR AR, A 3.2%~6.3%1,

I3 TBA & HFTiZ W7 ICP fie o 2 Y L 06 % 45
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NRZT 2R 8 y—4 2 Bk IRl (y—glutamyltransp—epti—
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FRACHAE IS, SR, i ANHAER 1CP LS AH R A
SEM R AR UL | RACHRE B o2 7 T
L ICP BU PR AIFSE SR B e SO (33—
DY - TR AT B[] BT 3 (ultrahigh performance
liquid chromatography/hybrid quadrupole time —of —
flight mass spectrometry , UPLC —TripleTOF -MS/MS)
T ExF 1CP J 3 FIAE Uk b B ST D BE 2K L 22 1 1Y
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TR B S R A IS BN B AT, G
HoAb S # IR RG240 35 6], Hod 14 (24 112 2~4
JELJ5 H BRI IR, R IR K- T R R I
HALHE (>10 pmol/L), I IREZE S HR ISR 1CP, ¥k HL4H
ICP 41 55 21 (B2 ST IR K PR SR ARRR IE 5 HL ORI
WG ACRER: , A AN B AL A T EITRE R L, 1 W P T 3R L4l 1CP
(RS WIBR ARG AR PR A 2 TE PR 40 2 AT 1Y) A U 1 P
PR BRI 78 S (2015) "8, BIFSE AT G4 HE R BT

R SRR 2MERNR T T ORI 10 S YRR bR 2R 1
e E SO NS TR RE BT A . AT Sl
IRAE B AR IEATORE L SIS A A 4 R AR = A
SRR LA . W 1CP 20 RL 1CP AR Dh K TLAL R &
HISARZIRYTIN 125 R, SOtk BRZH 28 3 Y [a] 3 2 I e
L AR 28 0 S B 3 T -80 CUKFIRAA 2 H . A%
W ARG T BT R HE ), PR ER 2
PRSI R( S C R
12 SEEM
1.2.1  SZH{YAS  Shimadzu CBM20Alite #8520 (0.1 2
4t ( H A Shimadzu 23 7] ) , Kinetex UPLC XB-C18 (@3 FT
(50 mm x 2.1 mm, 1.7 pm, 3= [E Phenomenex 23 7] ), Triple—
TOF 5600 =/ HE i i (36 AB Sciex A FENDECA EST 5
Analyst 1.5 M1 844, Aglient [EIAHZE RS B (S5 Aglient 2%
A]),Bond Elut-C18 FEAHZERU/NME (200 mg/3 mL, 32 Aglient
237 ), SB-3200 A VEAR (THOHT Z R HEIEIT) , Mill-
pore ABALK ] £ %% E (32 [ Millpore 23 7)), ISS110P1 EL%5 &5
DR GEALAS (32 Thermo A7),
122 Seseull 27 iR VR AR oE 6 45 U 2 09 B R
(cholic acid, CA) JEHEAHAR (chenodexycholic acid, CDCA) |
M5t % B R (deoxycholic acid, DCA) . 1 JJHfEZ (lithocholic acid,
LCA) , BEM AR (urusodeoxycholic cholic, UDCA) J&HHFR
(Hyocholic acid, HCA) it E AR (hyodesoxycholic acid, HD-
CA) 5 H AR 45 4 1 (tauro—, T— ) IRITAR | H 2045 4 1 (gly—
co—,G=) VTR, M a—FHER (a—muricholic acid,a~MCA) |
B - AR R (B —muricholic acid,B-MCA) .o— AR (o -muri-
cholic acid,w-MCA) A TEE5 57 o~ FRHER (a—tauromuricholic
acid, T-a-MCA) A 25 5 w— i B2 (w—tauromuricholic
acid, T-o-MCA) 3 - B2 1k 2F i 25 & 71 1 IH R (taurolitho—
cholic acid 3—sulfate, TLCA-3S) M [ 3% ¥ Sigma 2\ i) FlI € [E
Steraloids A&, FEE R (A4l 1 I £ 1H Fisher 247 RN
FUSal, L FRE R ikall, Y H 96 Sigma A H], SLEEFHK
POEZ Millipore ARG aifb i aiK
1.3 %kgix
131 AR RR BRI SR A RS ZH AT BT © e ar
i) UPLC-Triple TOF-MS/MS 75 3% IfiL 7 Hi i) 27 Fh AR T
PR BEAT A R A, X 29 AT RE Y IH B 1k G B AT
Y5 FIAERE 3T,
132 J5ise i S R B L AR R A BT A
M7 ER I H NS SR EOR 2.29%~16.7%, A RIS 5 R 5004.3%
~16.1% ,“FY¥ IRl 83.2%~118.0%, WX 25 {fdt %10 5
25 {3 ICP FAF MY LT £ 100 L IRA 5 5 B ML , 2808
FEMTIAL PR BEEAT 10 5122 LEVRE AR (9 T R Ao 0 BV AR 1 431
FARREAS ) LA I AT AS B Al Jy vk ik e v, s kEAC
HE R TR IS 5 RECN 1.2%~12.7% , 12 IRy T AR A
FRECN 1.3%~12.9%,
1.4 “itzam
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3.0 # (56 AB Sciex 23 w]) HEATE PEAIE 5047, R
SIMCA-P 12.0 4K (Fii it Umetries 23] ) $EA 7 Wi A i i
N3 H) ?]'Jﬁ*ﬁ(partial least squares—discriminant analysis,
PLS-DA) , /345 3 DL — 445530 (score plot) Frn , HALSE
THEE TR SPSS 21.0 #fF (SEH IBM A7), iy e
PER R FH Kolmogorov—Smirnon K4, AMFFEIHE R BIKZ
HOBARIEZS 7340, 2R M(Qy, Q) Fom o IR BEORER
Kruskal -Wallis H &G 5, 25 3] 7 75 LG 4R ) Kruskal -
Wallis H K844 7k 22 1 FUB . THRCTOR AR 56 S 28 18] 9 1
R B R PR Pearson ROTKGSS | 4345 827 IE
RIS EY Fisher RHAAEATE . KRB0/KIHE 0=0.05; Z2 4 1]
T LR 4 Bonferroni BEIE RIS /K M, X Tk iy 22
SFHRVTR , R 3288 TAERFIE 2k (receiver operating char—
acteristic curve , ROC) M1 I 00 HAZ2 W) R 650 545 50
A2 WiR PR FH 0T logistic BIIA43HT

2 # R

2.1 AR E

ZEAMIG R B AL RS R UL 1, 4 AP AR
giiteE s, mieFufeke E A L woR , WA ICP B 5T
DI Z L2 1A Y 2 T Sy e Ao A 48 B 10 T 20 R 2 B A 75 Tl
(alanine aminotransferase, ALT) \ K[ ]2 2 FR & FL 5% FL i} (as—
partate aminotransferase, AST) LHZL 2 (total bilirubin, TBIL) |
FIBILT % (divect bilirubin, DBIL) y—GT 37/ fib 5 X IR 4H
{H TBA JKF- 5% BRELTEGE 2722 5%, ICP [ AR 1CP i

FA T2 R BT AL, S RATURES Joy (1) 11 S5 Tt R
M, ERAGI 2R WP LA S A A P B
TH e EESR . ICP BH AN ZEALA A I RE X7 7= 5
2.5(1.3,4.6) NI IEH .

22 o et B AR A B AT

2.2.1 #S7 ICP Y PLS-DA 2 Wik il 3L i k60 ity 27
FRELHIIE R 5 58 19 29 Aol geAY IRTHIR 1Y 2 5 E &
{5, % PLS-DA 707 ICP 205 %) R 28 #4135 AE 3 IR A it
RS, 20t 100 K32 LIRS #E ) PLS-DA FE%AF
H RSB R2Y=0.757, Q*(cum ) =0.646 , 75 %A R H AT 55 1
FIfRRERE I AT GE 7, H RS0 (] 1A) s 1CP 41
L0l R ATt b X 4, 2 B I I R A 5 B 2 4]
HAWRES ZERIX ICP AS W E 2N 96.1% , X %f
ML LT IE AR N 100% , SIS W IERR N 98.0%,, 145
HIZ5 3k 100 YOI (B 1B) , 45 J 36 B oK 7 2 B i 3
FERLE T — T, B 1A AT UL AR BB R A TN,
ESE B EAG I i e vl

222 XPRFICP #EATHEIIN R g S 2 W ICP 1 PLS-DA
PR P 1CP, —4Ef5r R (& 2) o, Ry 1eP
ZpIA 5 1CP 22 A H &, R R4 1CP A9 35 AR 1R gt 5e B
5 1CP AIRL; M D ZE AL 22 10 5 0 IR S AT B | $ /R X 8t
ZEAAN M3 AR R QIS B LA IE 7 R 1CP 4 S AT T
TLALAY X 43458 A W A, AR o] 3 e 24 0 0000 235 T S5 e PR
W R AT L (R 2) , 250 W — 30k R AF (k=0.819,
P<0.001) , ZEHEIH T 1CP ()7 3912 W oA i (1) R %
(85.7%) FFERAE(95.2%) .

F1 136 FRKFENFIERESIHIRER

IR B Xt IR (n=50) ICP(n=51) R ICP (n=14) JFEhEREL (n=21) HAiCE P{E
AR (%) 28.0(27.0,32.0)  28.0(26.0,31.0) 28.5(25.8,33.3) 28.0(27.0,31.5) 0.387 0.943
AN 39.7(39.0,40) 37.0(36.0,37.4)" 37.1(36.7,38.5)" 39.0(38.0,39.4) 68.207 0.000
STk A 2 31.5(30.0,320)  32.0(30.0,34.0) 32.0(30.0,36.0) 32.0(30.0,32.0) 4.465 0.215
JHF G 45
TBA (pmol/L) 3.2(22,4.0) 15.8(13.2,23.9)" 5.4(4.0,7.0) 4.6(2.1,6.8) 94.956 0.000
ALT(U/L) 13.0(10.0,19.5)  136.0(104.8,242.0)" 132.5(76.3,193.5)*  122.0(80.5,195)" 88.569 0.000
AST(U/L) 17.0(15.0,21.0)  93.0(60.8,158.0) *  107.0(43.3,120.0)*  77.0(57.0,119.0)* 85.465 0.000
TBIL( wmol/L) 6.8(5.7,9.7) 11.2(8.5,14.5)" 8.1(7.0,12.1) 9.7(85,13.2)" 33.020 0.000
DBIL( wmol/L) 1.7(1.4,2.4) 5.0(2.7,8.0)" 4.1(2.1,9.5)" 3.1(24,34)" 49.658 0.000
y-GT(U/L) 13.0(10.0,20.5)  37.0(25,87.3)" 31.0(16.5,47)" 36.0(16.5,45.5)" 44796 0.000
YTURES R (n, %)
Filr=9id 13(26.0) 32(62.7)" 10(71.4) 8(38.1) 17.957 0.000
EpZE N 0(0.0) 7(13.7) 2(143) 1(4.8) 9.052 0.015
[ P 0(0.0) 14(27.5)" 2(0.0) 2(95) 18.584 0.000
FRILE A 0(0.0) 5(9.8) 2(14.3) 1(4.8) 7.077 0.037
Apgar<7 2(4.0) 5(9.8) 0(0.0) 1(4.8) 1.877 0.577
FokFEY 4(8.0) 21(41.2)" 3(21.4) 3(14.3) 16.465 0.001
7= I i i>500 mlL 0(0.0) 6(11.8) 1(7.1) 1(48) 6.747 0.055
AN RATURES R 5(10.0) 33(64.7)" 9(643)" 7(33.3) 35.634 0.000

W R EREE T M (Q,,0,) T s W HEZH 5 H A 3 400 HEESR 4 Bonferroni B IE BIRGEE K ME 0=0.05/3=0.017; a, 5%} BR2H [ #E P<0.017
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O JFE LA

| 1PS[2]

tPS[1]

2 AR PLS-DA R B H] ICP Z37n
FFohEELZ2QFITHRNBSESE

%2 PLS-DA R RE] ICP ZEAMATIIEEL ZEMFM LR
SRS ERIILE (n)

B IR fit
R4y 1cp JFEhZEL
cp 12 1 13
EH 2 20 22
&it 14 21 35

23 EFMeitEa ot

231 ZRMWHRAMESE EEEFMIRE 4 A
BRI Bt S AL IRDXS L e 3, Horh  ICP s 3 1 rh By 20
AEJHFR U GCA ' TCA 1 THCA | N %58 AR 4n H 48 45 45 1)
SRR -3 (Gui-3) HA&ALE A =L TR -5 (Guri-
5)FIH s A A =R R -7 (Gui-7) FHE IR R, 5
XIRA 22 A Gt F R L, HIX SRR & A P 1CP
BT, X IR Geites e 7t i SRR LY PR L2
AR XL IO PRI TCGe 12725 5 (8] 3 T WL G i 2 Akt
B DL SRR IR A IR TR AT g B TR 1CP 1)

2,

~ ~ 025, —2000
= = =
s E S
£ E : 0.20
P P H 0.15
= s = 010
=1 o =
z b o 0.05
= = =
d = 0.00
*\\\Q’%‘i\\%&\d <& %&‘%&\%}\\3 & %“\&%@2}\\6 &
: s X SR
N & &
A. IV TCA /£ B. I3 GCA #£  C. IfLE THCA 7
4 4 e 4 R
040, P=0.000 0.08, _P=0000 0.10, __P=0.000
i} T ] iz P=0.000
: 008 — =
gb% 0.30 g(mﬁ Q;
z Z Z 0.06
- 020 004 =
+ L + 004
g 010 sz 0021 p=0.82 = 002 possy
= 0.00 =0.00 = 0.00
Sl Oged IS
i@\ & g{\\\ & ‘@\\ X

D. Ifil¥ Gui-3 7E
4 YRR E

FEARERIT I E + FRUERITR  RITZE Bonferroni £ 1E ARG K #E

a=0.05/3=0.017

E. L7 Gui-5 7£
4 Y AT E S

F. I3 Gui-7 7¢
4 AP AR

E 3 FEZRBEITRBREXNRA.FAREFIEEEELZA.
BHICP £2E5 ICP A& TER

R3 FEERBHEEXNIRA.ICP 25 . 2H ICP EES5AHERMFIEZIEZATHNMNEESE
Ry ER YRR (n=50) ICP(n=51) FLUHICP (n=14) FFZERL (n=21) HA{E PE
TCA(pmol/L) 0.019(0.000,0.062)  3.074(0.815,4.996)*  0.621(0.168,1.232)*  0.121(0.031~0.452)  93.773  0.000
GCA (pumol/L) 0.115(0.069,0.217) 1.607(0.762,3217)*  0.670(0.221,1.051)*  0.175(0.102~0.594) 84955  0.000
THCA (pmol/L) 0.002(0.001,0.005)  0.113(0.030,0.253)*  0.038(0.007,0.081)*  0.005(0.001~0.013)  84.773  0.000
Gtri-3(A/Ag) 0.039(0.014,0.075)  0.181(0.104,0.424)*  0.141(0.101,0.257)*  0.039(0.011~0.061)  67.573  0.000
Gtri=5(A/Ag) 0.002(0.001,0.004)  0.013(0.002,0.077)*  0.030(0.006,0.057)*  0.002(0.000~0.005)  35.081  0.000
Gtri=7(A/Ag) 0.002(0.000,0.005)  0.014(0.003,0.105)*  0.021(0.003,0.048)*  0.002(0.000~0.005)  41.728  0.000

TERIE BRI M (Q1,0:) 3R 5 A/As N IBTHRRIETRIF / INFRIETRTFR ; X IRZE5 HAy 3 2R AY FEECR 22 Bonferroni A2 1E ALK /K 1 0=0.05/3

=0.017;a, SRR HL#L, P<0.017



— 1462 —

BERERKZFIR 2018 £5 43 55 11 #8 ( Journal of Chongging Medical University 2018.Vol.43 No.11 )

232 ICP Wi 5 R WM ROC 4300 454 PLS-DA £t
R VIP (variable importance in projection) {8 5 i, 43 B 12
PR ZE R L2 A 0 2 HH B B S 4 1) 22 55 (VIP>1, P<0.01)
NI RRHEST ROC 43T, 43 2 2K 1ICP 554401 1CP 1Yy
ROC &k (I 4) , FFHF B R Hh 2% R 1AIFR (area under
the curve, AUC) STE cut—off {E i REE 52k (% 4), H
1, TCA 2 1CP 2% BEfie i (AUC=0.991, [ 4A), 24 cut—off
H4 0329 pwmol/L I}, HAZWT 1CP () R AB0E A F i 44>95%
fH TCA [ TR0 1CP B3R R BEAR (AUC=0.762, [
4B) , REE FEERMERI<70% , Gui-3 27 ICP A1) ICP f#Y
BAEYIHE (AUC 43518 0.897 F1 0.942) , cut—off {HHX 0.092
I, R R S35 >80% A itE— B4R Lo IR PR B A5
BRI 1ICP B9E, R logistic [H1IH 43k 1 Guei-3F01
A A R =R AR R -2 (Tui-2) 20 UK S 84, X 48
ICP B2 Wi BERE T (AUC=0.966) , 75U AR S 195909
PR TR ATVE A 1CP S B IbR S

1.0 1.0+

048-11 rr'_'_? 0.8 l_,_

|
0.6 0.6 _|’J

= = r
= =
=041 —TCA 55 044 —TCA
—Gtri-3 —Giri-3
021 Twi-2 024 Twi-2
—Gtri-3+Ttri-2 —Gtri-3+Ttri-2
—SHL —5HL
0.0 T T T T 1 0.0 N ' 1 : 1
00 02 04 06 08 10 00 02 04 06 08 10
1

A. TCA .Gtri-3 | Ttri-2 fz
AR EIE I ICP 1)
ROC Hhk

B. TCA .Gtri-3 . Ttri-2 M Jpk
B IR W 1CP (1
ROC Hhk

B4 REHERSYIZHE ICP fiR5I R H] ICP #) ROC Mk

3 3 i

ICP JE IR RB IR LA K45 Ja 5 ™ HL (R0 2
—U2 PR ICP AR ) R R IR I R T4 AR Y
[, LT R 28~32 Al H HLIN A5 TBA £E N1
HFEhfietads , AT 1CP YR, SR, TBA 1
2 W 1CP f B S0 AR , A — 2 Jsy PR
PE, 2015 4E[Y ICP 274 Rt R TBA /KF-1E
W, AR B D RE S5 B 1CP A2 WA
REHERRS, WS TR Im R SE Berh & B, 4843 1CP SR 3
FE A R ) — BERT ] P TBA 7K P34 46 1E 7
Bl XEB A A B AR A3 VI BE T A Refff 2 &
TS G RIS H it . PRI, AR R 56 1 L) 1CP
BB BN R ARG ES JE e AR | DA R 30 B 4 1) 4 5]
Jridio

AEBRSAES N o IR BRI 5 B
IBC 0 0 o A S AT A B a7 B AL 22 B 67 e 5
BILA (R0 20 5, 18 LA B A 26 rh AR e 3l A1
rio, TCP s RURIL &S ML HIE e AR A 2 18, T RE
5iste PR MR R AT -4 SR g iR it
Mk 75 1 AR SERE R 2 ABCB4 ABCB11 . ABCC2
FICT (A28 S EUIR T FR M sl HE I R A2 B, 51 &
JHF PR R P RR-131 G i B ) S P v 0 R 242
P AT AR Ay i JE BESZ AR (R 4B sh 7], 56 4 M AT
T AR PR S BBURNHE | UM P9 RN S it 9 IR 7 PR
AKCEFH AR A, X SE PR 5 | i IR R A i

F4 TEEZREITEE ICP 2E5EHRZ21AM ROC i R A HE Cut-off (R HIISHT ICP HI%IEE

21 1CP (n=101)

TR LI 1CP (=35 )

i b AUC cu—ofllil ML (%) HRHE(%) P RE(%) FESHE(%)
TCA 60.0 1.446 0.991(0.978~1.000) 0.329 96.1 98.0 0.000 64.3 66.7
GCA 13.8 1.292 0.979(0.955~1.000) 0.392 98.0 90.0 0.000 71.4 66.7
Ttri-3 24.9 1.471 0.978(0.955~1.000) 0.004 90.2 98.0 0.000 64.3 71.4
THCA 49.0 1.157 0.973(0.935~1.000) 0.015 94.1 98.0 0.000 64.3 85.7
GHCA 12.4 1.332 0.970(0.940~1.000) 0.043 92.2 94.0 0.000 57.1 76.2
Ttri-4 28.5 1.285 0.951(0.902~0.999) 0.003 86.3 96.0 0.000 64.3 61.9
Ttri-2 10.1 1.325 0.939(0.895~0.982) 0.020 82.4 94.0 0.000 57.1 81.0
Ttri-5 14.0 1.332 0.898(0.833~0.964) 0.006 78.4 94.0 0.000 57.1 81.0
Gtri-3 6.3 1.225 0.897(0.834~0.960) 0.092 82.4 88.0 0.000 85.7 85.7
TUDCA 29.1 0.977 0.875(0.810~0.940) 0.011 80.4 82.0 0.000 78.6 66.7
Gtri-7 19.7 1.015 0.822(0.738~0.906) 0.009 64.7 92.0 0.000 64.3 90.5
Gtri-5 21.1 0.928 0.783(0.691~0.875) 0.008 56.9 96.0 0.000 78.6 81.0
Gtri-3+Ttri-2 - - 0.966(0.914~1.000) 0.286 96.1 92.0 0.000 92.9 90.5
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