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Peri-operative bile metabonomics changes of extrahepatic cholangiocarcinoma and prognosis analysis
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[Abstract] Objective To screen for molecular markers associated with the prognosis of extrahepatic cholangiocarcinoma
(EHCC) after radical excision by observing the difference of bile metabolomics during perioperative period. Methods Twenty-
seven patients with EHCC, including 19 with hilar cholangiocarcinoma and 8 with distal cholangiocarcinoma, were included in
this study. Their bile samples were collected before and 1, 7 days after operation. Metabonomics method using gas
chromatography-mass spectrometry ( GC-MS) was employed to analyze the different metabolites at different time points.
Correlation analysis was performed between the common different metabolites and the patient prognosis. Results Five kinds of
metabolites in the bile were notably increased 1 day after operation compared with that before operation, no metabolites were
decreased. Three kinds of metabolites were notably increased and another 3 were notably decreased 7 days after operation
compared with before operation. Among the above two groups of different metabolites, there were 2 common metabolites:
benzoic acid and methylmalonic acid. The one year recurrence rate of patients with benzoic acid increased Z>2 times at 7 days
after operation was significantly lower than that increased <2 times (P=0. 04). No significant correlation was found between
the change of methylmalonic acid and the early relapse in 1 year after operation. Moreover, bivariate correlation showed that the
changes of benzoic acid metaboilic level in bile were not significantly correlated with the serum CA19-9, age of patients, or
TNM stage (P>>0. 05). Conclusion The change of benzoic acid metaboilic level in bile during perioperative period can help to

predict the early relapse in extrahepatic cholangiocarcinoma patients after curative resection.
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EIRAATEVIBR BUS MR 73 FAR B .

1 BT E

L1 —f&%FH H2013452H 22 HE S8 H 26 H
FES AR K2 AR 7 RSB B i2 Wtk i A1 IR 4
PR BRI 27 1, 55 18 . £ 9 . b T TR
EIRRRAE 19 BIORIEAR TS TNM 434 130 1 40, 11
W7 40, Wb A 4 5, Va3 7 61D, s IH A 8 5 8
B CRIEA ST TNM GEHEE I C T a 01 2 4, 11 a 8 5
B, b A 1D . B E AR FTTC G IR L &
JHF98 IR DR PR i A R i AE 55 5 0 » R B3k e B 3 i
FUIAZC M | VB0 3 304 Y R L 3 00 3o kT
TR 4 2R LR N o JRYT 7 % T TP R4S i
R HIHIAA I o AR A T I8 IR AR . X
DA B TR G 1 RV 0 sk R E ARG H T
Rg 52 e B2 R RS IR, LA SR R AE TSR
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s WA FhRS: S 0 T Bk IR 24 3 mL, 3 000 ¢/
min(E 42 8. 6 cm) B0 5 min 4B LT 40 55 11
I3 F—20°C UK PR A

R 1 FRABHAOFZFHE AR XEIE R
RJG TNM 5 5 H1
Tab1 Demographic information, laboratory report
and TNM stage of patients
n=27

Index Value

Age (year)? 58.6+8.1 (41-74)

AFP pg/(pg s Lhb 2. 8(1.1-6)
CEA [olg/(y,g . L l)b

CA19-9 2z5/(U » mL~1)P

2.8(0.7-22.5)

81.2(0. 7-1 000)
STB ¢p/(pmol « L= 1Hb 102. 6(9. 6-547. 1)
CB cp/(pmol + L™ 1P 81.9(3. 4-424. 6)
BA ¢g/(pmol « L™1)P 80. 0€0. 7-153. 2)
STP p/(g+ L™ 1)® 65. 645, 8(53.2-74. 8)
ALB pp/(g+ L=

ALT zp/(U - L71P
GGT zp/(U« L 1P

ALP z3/(U« L™

39. 044. 2(29. 8-48. 2)
133(15-638)

608(80-2 110)
300(64-1 801)

AFP: Alpha fetoprotein; CEA: Carcinoembryonic antigen;
CA19-9: Carbohydrate antigen 19-9; STB: Serum total bili-
rubin; CB: Conjugated bilirubin; BA: Bile acid; STP: Ser-
um total protein; ALB: Albumin; ALT: Alanine amin-
otransferase; GGT: Gamma-glutamine transferase; ALP:
Alkaline phosphatase; TNM: Tumor staging was performed
according to the seventh editions of the American Joint Com-
mittee on Cancer ( AJCC).

“, Data represent as x=Es

(range); ": Data represent as median (range)

L3 #wzk (Mg CAL9-9 Wl . i A
CAT9-9 1070 & (5 [EHE s 28 =)D L B3 420 73 i A%
(R EHERS 22 W) s SR FHMORE - 1l 6 922 43 A7 vk (MEE-
TAOXT I CA19-9 AT INE . (2) 2 S A 0
B 100 L B _ETET8G IACR BE 400 pL 11 0. 1
mg/mL [ L-2- MM 50 pL.i8%),4°C F13 000
r/min(E02F42 8. 6 cm) B0 15 min, B 400 pL I
WIRELZS TS . A 20 mg/mlL F 4 Jic I I V7 TR
80 ul, 72 30 s,37°CF A 90 min, HE A EFH
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120 (PRFR 43 850 = B B Uk ¢ (trimethylchlorosi-
lane, TMCS) A= H FERELE L) =9 £ W[ bis
(trimethylsily ) trifluoroacetamide, BSTFA ] fit 4=
51, 70°C M 1 h )5, LECO Pegasus HT X,
AR TE BTk A T GC-MS 238, GC-MS 434t
%1 . Agilent DN-5MS FE 1454 (30 m X250 pm X
0. 25 pm,J&W Scientific, Folsom, CA, USA); i
Fefm 1 pls 8050 & A A0 2FFF 1 k3 3
3 mL/min; 3% : 1 mL/min; FE : 90 46 1 B 50°C
345 1 min, LA 10°C/min F} & 330°C{%+F 5 min, {j
PERE I EE 260°C . M2kl B 280°C 5 B 1~ IR I
220°C s LB HL IR : — 70 eV 4 7 AN (4D - 85~
600 m/z; FHEHEZR . 20 spectra/s; IEFIZEIR : 366 s,
W TR GC-MS JRIG B0 R B LECO A Rl
Chroma TOF4. 3X #{4#1 LECO-Fiehn Rtx5 %
J o BEA T WA S VI B (0 T A B s v A 1 A B
ARG . R i i AU A SIMCATLS, 0 B #E 17
M. B AR E S 50 B (principal components
analysis, PCA) X5 #a 47 B8 WL FEAS 73 A Jo
SR, O T R R) 22 5 5 R A i /s 3 ik K]
A3 # (partial least squares discriminate analysis,
PLS-DA) X B IEAT RN 08 . Sy TR AT %
JEF 5 s 25 ff HY IE 5245 5 %7 IEBOR (orthogonal
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signal correction, OSC) , Z7 1F 3 e /) — 3 1 )
)43 #t Corthogonal partial least squares discriminate
analysis, OPLS-DA) A, &% J5 H3 4 A ) B =700,
VIP (variable importance in the projection) {f > 1,
P {E<20. 05 X2 R T 5

L4 A HEE LFHABKRERS: (D
AR P AR L s S HLLR IfTE
LT PR BR A RS 18 | I B ME W BRI L IS v 4%
RS R L I0E SRR | 17 CAL19-9 7345 (2)
AR R K/ s (3D AR S5 TNM g #5311, Bl F
ARIANEIHACE L 2 22 ot W SPSS 19. 0 5t
PEATGETH oM. TR BOR A s L R R
K o Kge sk Fisher 300 6 46 6 %0 e 6 [ 2= ik
A3 7387« R T U B AR A 23 B 1 o 45 B PR R
Z I HIAH G . KK HE (o) 2 0. 05,

2 & R

2.1 RHMFHA X 27 FISH A AMEE T 8
BTARHLTARES 1 R FARES 7 ROEITHEA
PEFT GC-MS Kl J5 , SRA FIr A REAS Y B8 T (1%
K (total ions chromatogram, TIC), H.tf &4 1 4~
RERIEREA R TIC WA 1 Fis .
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Fig1 Bile total ion current profiles of one sample in each group using GC/MS
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Al FArE R R FARFIREAA 4 A
B A SR B Y X0 AT S 2 ) O
Br o 355 R m] AU B AR FIREA TR JE A
R A TE2E 52

FARATEEARF T ARIGH 1 REAR PLS-DA
2D 13- A 3A B, B kK e 45 R an &l 3B fiy
o WEIRETLUE L TR 27 DMREAS ST AR
JEE 1R 27 DA RULF5E 20 8, T ARFTARE
AR FOPRAEZEM, TR 1 RIFEA s e
Iy LA FARATH T ARG E 1 K A BE A X
B CEFAIGHEE R =0. 389,Q°=—0.156), TR
M T ARG 7 R4 R PLS-DA 2D 15343 K 4n &
3D 7N AT LA s AN A SRR 5 — L
t1 FIEE A 2 MR 7S ) N RERS AR Ay 3t 70 7

WP IR A 22 5 CRR B R* =
0.386,Q°=—0.19D),
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Fig2 PCA 2D score plot of the total samples
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(PLS-DA):Validate Model
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10 i e 7d ijflf—‘f 0.6 . T 15 o — 8| T~ \. 7’([ e}fller
~ R . Operation s 2eg 0 ’// o\ Operation
5 / A N\ o |H M : . S S g et N\
\ L] \
i I AR PR Y \ 03 . = [ erale,
: 5 ®e o | e 0.2 // = 0 0 . .o b ° I
= . / - y . /
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B3 RIRH D

Fig3 Pattern recognition analysis

A,D:PLS-DA scores plot of samples 1 d and 7 d post-operation vs pre-operation, respectively; B, E:200 times permutation

test of A and D, respectively; C,F:OPLS-DA scores plot of samples 1 d and 7 d post-operation vs pre-operation, respectively
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9 Chroma TOF4., 3X #ff#1 LECO-Fiehn Rtx5 %{
I PR A T 06 P I B R R AR R 1 B
PEARE B8 BE L 2 ARALEE = 700 B TA Sk o M e A e
. 2o g iR A PUNE . A OPLS-DA #4
RIEE— T i VIP [ (VIP>1), 454 student
¢t KB P {E (P<C0. 05) et 22 MR
GiRIF 2.3, K Peak e 1 Y2 W) i 24 7K
RT AR BB ITA]  m/ = {H W) R AR 15 5 1 B A LG
Mean peak area 2 £5 21 IH — b J5 W T AR 1) ~F- 24146
VIP {Eh 25 529 5 | e W9 4 =22 1) 22 5 7 o5 I AR
P A{HA student ¢ I AYLE R, 22 BB Z

I RRBOC R o X TR DN 5 H 20 I 400 I 24 Rty
A 1,2, 3 BYNE L, A2 BB R AN [] 143 A ) i 44 1
HR AR OR B FE BOR IS I8 W22 TR 1 23R 2.2
R 3, I DL e AR AT 0 L RS
55 1 REARFAHEL JBH AT 5 A W25 T
TARHIY) R AR 7 RSB L 1T A
A 3 R B TR, 3 A B AR, D
W 22 AR R A 2 FRE R BT R R
(benzoic acid) Fll f £ — & (methylmalonic acid) .
KHRASEH 1 RARAATN 187 5. AR5 7K
YIRARRI 2. 00 £ HEEN ARG 1 RYYZEA
B 1. 46 £5 ARG5S 7 REEARHFIN 2. 31 £,

x2 FAREE 1 REAMLFARAMEFHERKEY

Tab1 Difference of the bile metabolite before operation and 1 d after operation
RT Mean peak area Fold
Peak Similarity m/z VIP P value
t/min Pre-operation 1 d post-operation change
D-Galacturonic acid 830 18.345 2 333 0. 054 45 0.129 94 1. 770 27 0.014 70 2.39
Benzoic acid 798 10.073 7 179 0.004 41 0. 008 23 1. 840 85 0.013 00 1. 87
Glycerol 788 10. 385 9 205 0. 093 86 0. 158 31 1. 609 40 0. 022 40 1. 69
L-Gulonolactone 734 18.091 9 292 0. 003 29 0. 007 65 2.576 28 0. 000 24 2.32
Methylmalonic acid 721 9.490 9 131 0.001 29 0. 001 88 1. 547 19 0. 036 30 1. 46
RT:Retention time; VIP: Variable importance in the projection
x3 FAREETREAMEFARAEFHERKEY
Tab3 Difference of the bile metabolite before operation and 7 d after operation
RT Mean peak area Fold
Peak Similarity m/z vip P value
t/min Pre-operation 7 d post-operation change

Myo-inositol 865 19. 694 9 217 0.031 82 0.011 54 1.749 18 0. 011 50 0. 36
Beta-Mannosylglycerate 817 17.354 2 217 0.031 11 0.014 07 1.833 23 0.007 76 0.45
Benzoic acid 798 10. 073 7 179 0.004 41 0.008 77 1.710 72 0.020 00 2.00
Citric acid 796 16. 982 0 273 0. 009 54 0.004 15 2. 804 25 0. 000 02 0.43
Mono(2-ethylhexyl) phthalate 767 19. 906 6 221 0.001 74 0. 048 36 1. 666 21 0. 025 40 27. 66
Methylmalonic acid 721 9.490 9 131 0.001 29 0.002 99 2.830 69 0. 000 08 2.31

RT:Retention time; VIP: Variable importance in the projection

2.4 MipZREEEAMXAFSH X 27 HlHEZ
SRR PEVIBR BTSN Ji 8 B e 1 4R 15
DLHEATREDT e 5 B8 R AR BET Y 22
B 16 P JORR S AR AR 6 P 1 4F
PR B e, Forp 5 ISR I 25 1 BiE
HENE R A RS, 1 AFNIET- B 3 4,
PETIROIEE D B AT AR TS 1AL TG
R RS 1A R R AR R
KR BRAEAR TS 7 REARATT R <<2 55K

G VAR R K 35 AH DG (P = 0. 04) , R 4F
<60 % (P=0. 006) AR I CA19-92=200 U/mlL
(P=0.032) AR5 1 NI Kk WA E, %
SARHT I S IHLL R M AR A FE R S5ARE 1
N RICEFMRGE D SRR &AM
Prigrs R RR I RRTEAR 555 7 REOR T2 LA
B5 CAL9-9 434 (P=0. 105) RATEI % (P=
0.598) AR5 TNM i 2 73 1] (P =0. 472) #F 17 X AE
FAHRPE ST SR A DG PER T GE 127 3
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R4 OMEEEBERG 1 FHNELEXEARSNT
Tab4 Recurrence factors analysis one year after

cholangiocarcinoma surgery

=22
No relapses Relapse
Factor P value
n n
Gender 0. 926P
Male 11 4
Female 5 2
Age(year) 0. 006¢
<60 5 6
=60 11 0
Serum total bilirubin cg/(pmol « L™1) 0. 663P
<171 11 3
=171 ) 3
Serum albumin pp/(g+ L™1) 0. 708¢
<35 3 1
=35 13 5
Serum alanine aminotranerase zg/(U + L7 1) 0. 262>
<80 4 3
=80 12 3
Serum alkaline phosphatase zp/ (U + L™1) 0. 581¢
<258 4 1
=258 12 5
Serum y-glutamine transferase z/(U + L™1) 0. 727¢
<122 1 0
=122 15 6
Serum total bile acid cp/(pumol « L™1) 0. 523¢
<20 7 2
=20 9 4
Serum CA19-9 zp/(U e mL 1) 0.032P
<200 13 2
=200 3 4
Tumor size d/cm 0. 349¢
<3 10 5
=3 6 1
NM staging 0. 416"
I 11 3
-1V 5 3
Methylmalonic acid 1 d* 0. 467°
<1.46 13 4
>1.46 3 2
Methylmalonic acid 7 d* 0. 595
<2.31 10 3
=2.31 6 3
Benzoic acid 1 d* 0.178¢
<1. 87 8 5
=1.87 8 1
Benzoic acid 7 d? 0. 040¢
<2 8 6
=2 8 0
. Date represent as the fold to before operation; " ; X2 test;

. Fisher exact test

R .

JHFA B AE i o — b i DL A e Jie g, A2 B
PRIXE  FEEEIE T e T I A8 e AR A AR Sk
T AR VIR A R B RSB BT AR T AR KUK
1o BRIT R IRIH AR B (BB AR TS 22, g 2 4 /2
PG EERRZ —. A RH WU Y 07
SR EER MG CA19-9" EX F A AR5 i
5 CA19-9 29 BV R 3 JCA S5y 0 Ik 3 Be . 4
RAETS FHABI A 5 RS Kk 1y fa AT EAT T
BUAST KA B T el A S .

ABIFFE AR FIAR 4 2 BOR i 8 R op 2 A
FIRE S M A AT MR PR DI B 10 f5 AH G 1 43 5
AR BRI RN R, HAMEE R ARG 1
HENEREACH R LB, TARESHE 7 RAEPIR
ThE =2 A5 1 AN R R BART T <2
B E (P=0. 04) , 1 T SN — R 1 AR J5 22 Ak K
FEARGRME R FME., R IRE—F 5
PR s ANCREAI W S 25 KN 107 #6518 o L A 4 o]
Z RN M T B R AR DR,
BRI T SR BB o) 4 T 2 1 TS e A i ) 410 o
YER R Z A A AR R H R, DR L » 0K Y R
REAZAN ] 4 8 A AR ROV PN . 4R B A A R
R RS MR R R R PR R AR
AR FEE Y B R 4 )8 B B 9 (matrix metallo-
protein, MMP-9) &4 J& & FfH i) —Fh, 20k A
T v IeA 1) 5 ) 1 s 2T 24 200 i L S 32 10 7D 4 i 240 L
TE AN P 2H 2L b ) 2635 5 10 1R B S i Tl g
NRAS LA S F3Ah, 2% B R AT A= Pt LA it
TR A RENS e wE 45 T o v A R A 0 T i ELRE
30 ) 240 A g o s 0 B LE T 9 B
I FRATTAT SR, A5 4 YR Y 3 B T AR
O <55 Jrm A P T T A S R AR MR 1 RS AR L i
H AR B ATT A ) RE A% (2 4 200 R i 0 1 DA e
HlER AN . T AR BRI AR, A
2 L HP Al PR 2R A 520 78 X0 9 R AT 39S 4
AT B 4 U HAE M CA19-9 5 3B i 1%
OUT s AT REE B —MRLF AR FEAE L 32 = HI W i s
fIHE

i AN R RS 1 AR N R R ARG
RO HT R B RATAEIR <60 % RHT LG CA19-9=
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200 U/mL WS 1 AENERN&EGBHRR. 54
WEoErh B4 B ORFTAEIR > 60 2 ) o — il &
R XA BES AR G T AR ) 28 Mg A K
N IS CAL9-9 J& — Fl AR e 5 1 i 98 e it
Mg CA19-9 & 25 Fh i a] WL T o Ao IH A5 0 . B
I M R BT DUAE R B T B R R, I
CA19-9 2T 5 FFAMIR A g 1 B2 R AH Y, A
5% h R AT CA19-9=>200 U/mlL % (B R %K
57.1%) & T CA19-9<<200 U/mL & (HE kE K
13.3%0) G UAERFFEARML. PRt RT3 CA19-9
BEA SRS ELEN S EIREY

RZWEFEFR B, TNM 9 B 43 JH 78 988 9 105
HAEEER. RERS™ RN TNM G5
I IV A S8 R S A AP T S8 B s/ N T 3R TS
I 03 %) R8I0 S0 5 1 8 8 9 o T3 -
Guglielmi &35 H TNM 955 B 3 11 55 1T 4 IR 45 9
PIBRATIS %5 U) AR OC, TNM 5 BEL7p ] 500 T2 R 5
TEARSG A3 A BOR JE T R . AR TP ARG
TNM Ji #5310 5 i f5 B To gt 12 25 5 (B AT 40 43
Frgd T LA R ARG TNM B T, 11 #93E 14 ]
BEPH 3IHIE L. B REN 2L AN, MARG
TNM S B VAL 8 il & rp 3 Bl & /R
Hh37.5% ., FRIMH ARG TNM FEEL L IV 5 &
TR EmR B, FEINA RN ANIRHEE D A
FrLUE Y REEA S — 2P

WIS R RIEAR G 7 KA R AR5
CA19-9 73 AR FTAE I 43 9% . AR S5 TNM g 273 1
HEAT WU B AR S 3 A, 78 ST 18 35 AH et (P>
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