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MG 0 202578 H67% #21H

PRk EBR B B e Re 28 /N4 (International - Auto-
immune Hepatitis Group, IAIHG)F19934E THEH T
AIHFE RV ZWIRERZ R R, R R R FEIE
HTEAERFRAEENZSH, FHTIRRE. &
i, TR RER R Z4tE, Wi RGETE IR IR
U R — Bk, LR A S WA B
EPY, ERFFE A ST . B IERE . g
AL SR AR A5 A, 7 i PR b e LA™ e, 5
PR ARATR I A= bR X T4 =5 AILDAY
WK A EEME.

{1348 )2, —2eE A HATPBCHIATHIG PRAFAE
B EERE X EA“AIHMPBCE S LG
fiE”(ATH and PBC overlap syndrome, AIH-PBC OS)[3’6],
LW )7 1:5 7% ChazouilleresZs AT 19984 442 11 14 [ 82
FRUE. ATH-PBC OSHPBCHEEHI2.1%~19%". T
AIH-PBC OSHIGIRF S 2%, HEMLRAERIRTT
TR, HAZRBIRIREA LT, R WA %25
J5 B A IR PBCHIATIHN 2 ™) fe 2 AR R
(ursodeoxycholic acid, UDCA)JE H miME— gt T
PBCIATTIN— 2™, Hze b R, RERURISAH
XP#CES, (HAAFAERR o3 A MTUDCAAE AR B AME S
AN R IUE AR, T ATHIRYT B S sz 4 il 711
KRS O FNBRIE SRS £EAE B 0 AN L, A Cush-
ingtRAEGH A M B AKARTT S DR A1,
SR, IR FHZG AR N, RAL[FIIN 755 PBCHIAIH
fJAIH-PBC OSH34 Al fig HA PBCHll [7] (X UDCA L 2
RAF), i e biliGy T ol fefi 85 g T AU ER
FHZ5 XU,

AR 238 33 A3 HT AR P AR =4, R S L
AR A T AR TS A 5 T B R 1, s
A2 2% 2 )12 H T IR DGR bt 5, XTIt
PRSI HAT BRI Y. i, AR Eeis
NMAIH. PBCHUMRF, M mpE et A i
Y, TR S TIX 3 AIHFIPBC, #E
HgWsnl, 20, FIFZB AT AIH-PBC  OSAE
FHARE, A2 ANGYT HS LR SRR LA,
b, X PBC S AIHA R GHIACEE T T Hr fishe.

1 MRSk

1.1 BIFEA R
DL H B B M 98 TR A RE v A Adi AL < B A
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PR PEARGE R > EH B LR A I “AIH/PBCE & L5 S 1E”
Sk SR, A N R B A LR 2 L
HE WRE A PEBHR PEAG 222015410 F ~20174E5 H T/
&2 BeisyT H B A TRARR B . EHERR 12
WiANEAS . SER BRI RS S, TR RIS
YHHERRE R AILDSG 1220245, Horb 4 & ATH M 542
. PBCHE #1031, AIH-PBC OSHEZ57(. HiE
CBf/REHRCE ) MR BRI, W98 7 15 58 B Befe
PR VAL UE, NV B BUT A 5 B34 R AL R
HE.

(1) WAFRIE. AIHZWRHE: 2 HRIATHG T 1999
BT ATHIZWIT 4> 248, PBCI2WibnifE: S
RS U2 F20 144F & A 2 Wikr ifE; ATH-PBC OS2
WikrvE: 218 ChazouilléresZ AP 19984 418 Hi ity [0 B2
AR, BEAL, FrA BB AR LT RAE N AR 2R iR
7, BEBAERIER, £ AES 5ARTE.

(ii) HEBRARME. BERFA LA AT — 2% R0 HERR:
GIHAF. CHF. 290G . RS PR A 45 5 4
YRR B AT HAS B IR R IR,
ANEEIAAFGA FIATE IR B ZH B AL e .

1.2 Rkl

o PSR i A5 WO SR KL, ML YRR AR R4 C KA
FrE I, FLA3500 t/min .00 10 mindy B 345 LY, I
TRAFT—80°CIMIE A W e P S RE M. G, Ry
B T4°CERL, HERIR200 nL & TR .08, HI3M%
TR HEER RS IR IR S, HHE T4°CUKAH20 miniilJE
EHMHABFEIEY). UUE)E, HFEME T4°CEL.OML,
12000 r/minf.(>10 min, W EIEWGE0.22 pmisfL
i g, a1 hETHEE, 7 SERERTIN AR shAH
WORAIFEIRESY. AR 10 nLIFFTIR &,
LAl i 42 il (quality control, QC)RE .

1.3 SRS . IR RS

(1) AR ANRF). £1456550 iFunnel Q-TOF LC/MS
VOB AT RA T [RI IR A (Agilent, S£[E]). ZORBOX
RRHD CI8{4 (2.1 mm i.d.x100 mm, 1.8 um i.d.,
Agilent Technologies, [E). Agilent Masshunter T_E
Ui+ Vortex Genius-31RBENRZ (KA, 7EE). KR
LHL(Sigma, FERE). HEE(EATEDHK, Merck, T2E). ZAf
(159, Merck, fHE[E)5E.

(i) %M. Q-TOFIEE PR, MshtiAN



0.1%HERIK, WahAHB A LNl B AR, st
gli/K, FEAHBN CNE. MR E R30°C, FEAERE R E
F4°C, P ETE0.30 mL/min, FRIRIHEFER R4 uL.
OB PRI 45 0~1 min, 100%(A); 1~9 min, 100%~
60%(A); 9~19 min, 60%~10%(A); 19~21 min, 10%~0
(A); 21~25 min, 100%(B).

(ill) FaigscfE. WA I T TR s s
25 H1 B (electrospray ionization, ESI)#Q-TOF LC/MS
AR HEAT ARSI . R R ) — 25 A Y R R A
50~1200 m/z, 2542520 pisg(f1)F120 pisg(1F)Z LA M4
TR FEBEE N225°C, A13 L/hAY o B R $ S E
}275°C, LA12 L/minf3R B3 8l HmESs 6 4048 fl R AE
BT N3500 V, IEE T 84000 V; IE
B R W TR oM 2000 V; SR FH AR IR Ik HE K R
AT BUSTIE, 310 mL/min, RRESER10 AR,
BB AR 1 FH121.0509F1922.0098 4 Fifaf Hb, 11725
TR 112.9856F11033.9881 4 i fir L.

14 BlAbEgE v

I AR 4 2278 B ¥ 7F Masshunter  Profinder4X
bR AL EE. [ FHSIMCA-P 14 18050 £ 105347
Hr(principal component analysis, PCA)F1IEAS i e/ —
T 51537 (orthogonal partial least-squares-discriminant
analysis, OPLS-DA) /7%, XhrifEtbfE By B GG T
TOr RS, IV RIBUR S 0 G AR, TRl
IC AR R F B (variable importance in projec-
tion, VIP). F|fMetaboAnalyst 4.0 fi(https://www.
metaboanalyst.ca) ¥ LR AT IE . SFitadT, FREP
{HFMEECEIAA (fold change, FC). #2257 BE R L
(FC>1.58<0.67, P<0.05)if#iFHMDB(Human Metabo-
lome Database)%(#E £ (http://www.hmdb.ca) FIKEGG
(Kyoto Encyclopedia of Genes and Genomes)%{#/4
(http://www.genome.jp/kegg/ligand.htm1) 47 4= bk
) B 5 R AT

F 3285 FEAE i 28 (receiver operator characteris-
tic curve, ROC)A¥ 2k T i FH (area under curve, AUC)+
“JClogistic[AAL VIP{EAIZ KRBk, M
AR & v iE— 20 4 X 4368 07 e v AR S 2L,
I H B IS R se A G A R B, ), fHH
BRSO E Y PCARHY, #RFYATH-PBC OSHEH
FAAER“SEATH 5 “SEPBC™ A 1.

BT I RS R FHIBM. SPSS Statistics26. 0%/t

Tt o, Bdarh iy 2w DL A 80 o
TN FIR, AR DB RE S RO, 4]
He#5 R Fi K ruskal-Wallis HFG: 56 AIMann-Whitney UG 5.

2 45

2.1 AHLBEDIEAEERE

I R AR B 152 36 2 500 20k B B e s 1) 500 I
WAL FRBIAAT R, SRR o2 5, ik
BEY YR ZE, HARE T F55% . APty
HEPEHTIAR B 2R 485 . AIHZH FIATH-PBC OSZHi4%
PifA(anti-nuclear antibody, ANA)BH:H4351°490.5%
F1100%, PBCHIAMAPUIA%HI:. PBCAMAIH-PBC
OSZHMIALP. GGTAHIHE Bk FAM(immunoglobulin
M, IgM)7K -5 5 (P<0.05), PBCZH (138 Bk K 11 G(im-
munoglobulin, 1gG)Fly-3KHE H /K- 8 251K T AIHAN
ATH-PBC OSZ(P<0.05). 8F5/K 157G 550 A PR
FEAE.

2.2 LC-MS¥diZcnbr

AESAEIE 1 B AR 2 Sl Ak T 14104113357
AR PEE X SR S, B U TPCAFIOPLS-
DASMTR R IMIE IS EE. PCA (& 1(a), (b))Es
T QCHEAITERR A AR, BAHILC-MSRSLAE S
Mridfedase, Hm kel E2. SRmif FHPCA T ik
T ESAIHAPBCHEA I RUR 2%, #HE#:OPLS-DA T
BIX A ATHHIPBC (& 1(c), (d)), 1553 E /Ry B RO R
U, 454 S (FC>1.58%<0.67F1P<0.05) i 156 T 4 A8 &,
AR T 25 AR ROBR AL 7424 (I 1 (e)). MRS 1 5
far L ZEHMD B e rh kA 7 45 e DR i, HorpA7 101448
EIERAR A XA G R FEA L. KX 101K
IIE N ATHFPBCAH SE A ERAEA RIS .

WE2(), i ERIDr ki1 38X 5 ATH
FPBCHYIHELL, MR 6 MRS AUCTH
JEF7F0.688~0.728. IAF, R H —Jtlogisticnl IH 344
TR, Bt THEBR1TH 15 MY, Xy
ATHFIPBCHY B A MER % 55 1593.79%(K12(b)). FrLA L
2T AR B A 5 VIP> LI RREA G
(FE2(c) BT, 1534204250 i AR 345 20 (812
(d)). 38T A BT T BRI S ) A B
fiE )i, [ T ATHAIPBCIH] 9 i 2 22 5:(P<0.0001, [
2(e)). WIER2MOIIR, FHER EAUC=0.797 ] HRLIX
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%1 AIH. PBC. AIH-PBC OSHEE Wl A& IskR"

Table 1 Comparison of characteristics among patients with AIH, PBC, and AIH-PBC OS

et ATHZH (n=42) PBCZH(n=103) ATH-PBC OSZH(n=57) P P P P
ER(2) 55(50,65) 55(49,62) 54(49,60) 0.460 0.648 0.231 0.330
L E(n) 41 94 55 0.223 0.171 0.746 0.211
Dbil(umol/L) 9.2(4.5,20.6) 8.4(4.5,27.4) 8.6(4.9,32.5) 0.969 0.944 0.854 0.814
Tbil(umol/L) 19.5(10.8,32.4) 16.7(11.3,41.7) 17.1(12.1,46.7) 0.998 0.929 0.952 0.991
ALT(U/L) 32.0(18.0,69.5) 32.0(20.0,54.0) 34.0(22.5,58.0) 0.661 0.757 0.726 0.346
AST(U/L) 49.5(32.0,158.3) 45(29.0,77.0) 55.0(33.5,107.0) 0.157 0.228 0.992 0.065
ALP(U/L) 118(84.5,184.8) 216(121.0,314.0) 184.0(134.5,289.5) <0.001  <0.001  <0.001 0.706
GGT(U/L) 68.5(26.0,117.5) 116.0(54.0,298.0) 131.0(61.0,224.5) 0.006 0.004 0.004 0.899
CHE(U/L) 4136.0(2700.0,5201.3) 4874.0(3302.0,6307.0)  4452.0(2416.0,5922.0)  0.067 0.036 0.625 0.101
1gG(U/L) 20.7(14.4,23.7) 14.8(12.7,17.5) 17.9(13.3,23.8) <0.001  <0.001 0.416 0.002
IgM(U/L) 1.6(0.9,2.4) 3.1(1.7,4.3) 2.8(1.8,4.7) <0.001  <0.001  <0.001 0.547
y-ERHEH (%) 28(24.0,33.9) 22.3(19.1,27.6) 27.8(22.6,34.2) <0.001 0.001 0.892 <0.001
INR(IU) 1.1(1.0,1.2) 0.9(0.9,1.1) 1.00.9,1.1) <0.001  <0.001 0.004 0.019
TC(mmol/L) 3.5(2.8,4.3) 5.2(3.9,6.6) 4.6(3.5,5.6) <0.001  <0.001 0.003 0.016
TG(mmol/L) 1.2(0.9,1.6) 1.2(0.9,1.9) 1.1(0.8,1.5) 0.159 0.245 0.640 0.070
ANABHHEER (n, %) 38(90.5%) 76(73.8%) 57(100%) - - - -
ASMA FHYER (n, %) 9(21.4%) 0(0) 0(0) - - - -
AMAPAER (n, %) 1(2.4%) 103(100%) 8(14.0%) - - - -
AMA-M2[HHH (n, %) 2(4.8%) 80(77.7%) 34(59.6%) - - - -

a) R LA B AR R A B0 B B (B 4 R, Py 3L 22 S AT, P ATHFIPBCHLIH] B 525 o, PP
ATHFIAIH-PBC OSH /8] 38 2% 72 43¥r; P*: PBCHIAIH-PBC OSHL[H] & 25 RA0Hr. “—FoR AR LLES. ALP, B PERERRES; ALT, WEMREE
fitf; AMA, JUERARADUA; AMA-M2, B RIAM2BTAR; ANA, HilA; ASMA, Hi-F-# LpTik; CHE, JBRES; DBl, EHNZ 3 ; GGT, #F It
RKTE; 1gG, HEERE G, 1gM, SyZBRE FIM; INR, ERRFREQ LA, TBil, SRZLE; TC, SIRFEE; TG, H ik =Mk

4+ ATHFIPBC.

23 HREPEEILE A BT

A FH 7 3k P 2 LA S A A AR X B (LT
3). AIHFIPBCHR I 22 57 £ 2 SRR IR (glycoche-
nodeoxycholate-3-sulfate, glycochenodeoxycholic acid 3-
glucuronide, sulfolithocholylglycine, lithocholic acid
glycine conjugate). JEZALiff(Lysophosphatidylcholine
[LysoPC][18:0/0:0], LysoPC[22:0/0:0], LysoPC[22:5/
0:0], PC[15:0/24:1], PE[20:3/22:5], PE[22:0/15:0]) &
R AR BRI (L-glutamic acid, methionine, homo-
cysteine, argininosuccinic acid)F5¢, TEIL#2.

2.4 FETHRLECHIIATH-PBC OSIBIHIRY

WnPEl4(a), FIFIHE BP0 b T AR Ny T
PCAIZWHEAL. 2R PR A B RCR B, X ATHA
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PBCEAFrF LRI HUNGEE F1. {HATHFIPBCZ [B] 474
IYREART S, $R T #F ATHFIPBCE F K M iy ARk
AR ARHEPC AR REAR [ S0 A RAAE, FRATPRFARE 7Y
F TR R34 X383 Zones), WK 4(a). HiH1Zone 18
HLAiPBCIX, Zone 3K L4AIHIX., Zone 2 5PBCHIAIH
MRS X, PBCHEAHT, 734 fEZone 11 L5 4158.3%,
Zone 21 LTI F41.7%([K4(b)). FEATHFEA M, 71.4%F)
FEAA FZone 3, 43 HifEZone 2IMREA (528.6%.
FATH-PBC  OSHEARER A G ST AL, K ATH-
PBC OSHEETEACHRIE 2754 PBCEL ATHYH 5] (<14
(). ZERBIR, A 35.1%. 40.4%F124.5%1 ATH-
PBC OSE# & T Zonel-3([&l4(d)). Xt L34l ik 1big
FRATA BUAR)E, 455K, (U6 GGTHELLRA Giit2%
25 (ES), MTCIS R IR RA L Febrid 2 B B PUATE R,
PIRREAE L IX 43341 I ATH-PBC  OSKEAR, DI 47
Il R & T A A= A A5 AT ST SE bR LA AT R0 X 53



(@) PCA-X ESI+ (b) PCA-X ESI-
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AIHFIPBCHIZ= RS

HOBE101MRIGRFHMDBEERE

B 1 ATHSPBCALEREILIA M. (a) 1EE THER(R X(cum)=0.125, Q*(cum)=0.056)fIPCAIE]; (b) & T (R X(cum)=0.33, Q*(cum)
=0.154)IPCAK; () TF 3R (R X(cum)=0.0519, R*Y(cum)=0.861, O*(cum)=0.283)AJOPLS-DAKI; (d) & T4 (R*X(cum)=0.0531, R’Y
(cum)=0.835, O*(cum)=0.278)fOPLS-DAE; (e) 4k & [ (¥ P T 43 ATH 5 PBCZH W] (925 S AU AE B, Hivr 10 1A B i s 7 i e vl
Figure 1 Metabolomics analysis between AIH and PBC groups. PCA-X (a), (b) and OPLS-DA (c), (d) with all metabolic variables among AIH and
PBC groups under the positive and negative models of mass spectrometry. (a) (RZX(cum)ZO.IZS, Qz(cum):0.056); (b) (RzX(cum):O.33, Qz(cum)
=0.154); (c) (R*X(cum)=0.0519, R*¥(cum)=0.861, 0*(cum)=0.283); (d) (R*X(cum)=0.0531, R*¥(cum)=0.835, 0*(cum)=0.278); (e) the inner parts of the
Venn diagram mean the set of differential variables of AIH vs. PBC, 101 of which are annotated in the database

AIH-PBC OSHE R NTBZE .

3 Wi

AILDIIZ I T IR M AR SE 3, S TR R 1
WA, WS AR AR, AUt
TWAILDZ X E T, (3% K 50T Ak o A s
AR BRECAR, AN, B2 ATHIF R A H PROTEE 5 28 (fu 45 1E
BRI, (Wi A RIS, 3 e (51 th $

T AILDIARALEI R fEE AR RN R, AR —2P4%
8121510 i, AR SO AR AL R AR A
MG A Pbr iy, DO HX 7 AILD. 5148
SUHEARE ST PCARIRY, JF1] FH ATHFIPBCAEAS AR
RUAT AV B A3 AT R AR, RS R DX 3 4330 ) 43 Sy PR
PBCIX(Zone 1), H4AIH[X (Zone 3)L) K PBCHIAIH
MRS X (Zone 2). IL4h, PBCHIATHIIR A X Zone 28
LR T HB /3 PBCHRIATH 2 (A4S BR AR L.
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Figure 2 Extraction of AIH vs. PBC related metabolic fingerprints. (a) Hierarchical cluster analysis for the significantly changed 101 metabolites
among AIH vs. PBC. The red vertical bar identified the 6-metabolite cluster with the highest correlation. (b) A histogram for the results of binary logistic
regression. We chose step 17 as the regression model containing 15 variables, and the other 86 variables were excluded from the model. (¢) S-plot of 101
metabolites. The 19 red points represented metabolites with VIP>1. (d) The results of hierarchical clustering and binary logistic regression were
combined with the variables with VIP>1 as potential marker to distinguish AIH from PBC, namely metabolic fingerprints, and a total of 29 metabolites
were identified. (¢) Histogram of metabolic fingerprint content in AIH and PBC. (f) ROC curve demonstrated that the eigenmetabolite revealed better

capability for identifying (AUC=0.797)
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Figure 3 A radar map for the fingerprint associated with disorders. The relative strength values of metabolites were compared in the two groups. The
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Table 2 The detailed information of metabolites in metabolomic fingerprint associated with AIH vs. PBC

e gt e BT ey st BERER Sy A
1 ESI+ 184.0941 1.1 Epinephrine CoH,;NO, 15 0.632784  0.7938 0.013994
2 ESI+ 148.0583 1.22 L-Glutamic acid C4H,NO, 14 0709478 0.43161 0.012728
3 ESI+ 136.0436 1.37 Homocysteine C,H,NO,S 7 0.59478 1.8089 0.005488
4 ESI+ 365.2255 7.96 Dihydrocortisol CyHyy0s 18 0.679945  0.64725 0.001031
5 ESI+ 213.1472 7.97 Traumatin C1Hy005 6 0.59707 1.5413 0.023113
6 ESI+ 152.0698 8.06 Leukoaminochrome ~ CgH,NO, 5 0.56456 11.997 0.029187
7 ESI+ 4343164 8.27 g%;gizhgigfgfe CaHsNO, 23 0.633929  0.61068 0.018492
8 ESI+ 211.1331 8.35 Jasmonic acid CpH 40, 1 0.634844 1.5022 0.029548
9 ESI+ 626.3515 g5y  Clycochenodeoxycholic o 4 i 3 0.662775  0.49234 0.004875
acid 3-glucuronide
10 ESI+ 605.2746 872 6-Hydroxysandoricin  CyHyO), 25 0511905  4.1279 0.033191
11 ESI+ 397.3088 10.7 Delta-tocotrienol CyHy0, 3 0.62065 0.59311 0.005661
12 ESI+ 514.2905 12.63  Sulfolithocholylglycine CpH,NO,S 14 0.72848  0.45961 0.000122
13 ESI+ 662.3928 13.02 Mucronine D CyHs N5Og 2 0.608745  0.53486 0.039701
14 ESI+ 570.3476 14.12 LysoPC(22:5/0:0)  CiHy,NO,P 14 0.693681  0.66825 0.001465
15  ESI+ 524.3633 15.51 LysoPC(18:0/0:0)  CygHs,NO,P 15 0.690247  0.5799 0.001505
16  ESH 1065.681 15.52 Gang“"“‘}%gfz I8 o HL0N,0,5 22 0.688187  0.63345 0.002308
17 ESI+ 580.4237 2332 LysoPC(22:0/0:0)  C3oHeNO,P 17 0583333 2.8837 0.000516
18 ESI+ 1052.679 24.17 Trih(le‘;»‘{l/clegr%‘)nide CsaH,NO 4 29 0.559982 7.065 0.046106
19  ESI+ 830.6465 2427 PC(15:0/24:1) CyHyNOGP 20 0.624313  0.63516 0.018098
20 ESI- 824.697 1.05 GleCer(d18:1/25:0)  CyoHysNOg 2 0.614743  0.64595 0.021437
21 ESI- 814.5206 1.09 PE(20:3/22:5) CsHsNOGP 4 0.593243 1.5966 0.029693
2 ESI- 148.0444 1.18 Methionine C4H,NO,S 4 0.599824 1.8426 0.001074
23 ESI- 760.5769 1.89 PE(22:0/15:0) C,HgNOGP 12 0.631417 1.4043 0.027104
24 ESI- 157.0536 3.95 Succinylacetone C,H,,0, 19 0.661913  2.5694 0.000668
25  ESI- 5282623 487  Glycochenodeoxycho- o 1y ) g 3 0.658622  0.52163 0.047259
late-3-sulfate
26 ESI- 384.1539 517  NNAL-N-glucuronide  C,¢H,,N;04 32 0.574594 14715 0.028845
27 ESI- 148.9712 5.22 Asparagusic acid C,H,0,S, 16 0.649846 2.0807 0.032161
28 ESI- 289.1208 53 Argininosuccinic acid  CoH,sN,O¢ 19 0.638219  0.34457 0.016183
29 ESI- 2552315 15.27 Palmitic acid CyeH3,0, 6 0.621106  0.59288 0.038277
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Figure 4 Evaluating samples by PCA model. (a) Scatter plot of AIH vs. PBC-related metabolic fingerprint in PCA model. According to the
distribution of AIH and PBC scatter points, the model region was divided into Zone 1-3. Zone 1 as the “pure zone” of PBC, Zone 3 as the “pure zone”
of AIH, and Zone 2 as the mixture zone of PBC and AIH. (b) The distribution ratio of AIH and PBC patients in Zone 1-3 is presented with histograms.
(c) Scatter plot of the PCA model after loading the AIH-PBC OS group. (d) The distribution ratio of AIH-PBC OS patients in Zone 1-3 is presented with

histograms
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Figure 5 Comparison of clinical indices among AIH-PBC OS samples
in Zone 1-3. There were significant differences in GGT index among
AIH-PBC OS patients in Zone 1-3 groups. *: P<0.05
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Autoimmune liver disease (AILD) is a kind of liver disease caused by immune dysfunction, including autoimmune
hepatitis (AIH), primary biliary cholangitis (PBC), and overlap syndrome (OS). In AILD patients, the immune system
attacks the liver, and elevated autoantibodies can be found in serum. AIH and PBC are two kinds of AILD with high
incidence, and their pathogenesis is different. AIH is characterized by interfacial hepatitis caused by the autoimmune
system attacking hepatocytes. The clinical features of PBC are non-suppurative, destructive cholestasis resulting from
immune damage affecting the interlobular bile ducts. Due to the complex and promiscuous pathogenesis of autoimmune
diseases and the low specificity of clinical features, challenges remain in the clinical diagnosis of AILD. Liver biopsy
results are necessary for the accurate diagnosis of AILD, but biopsy is not conducive to the prognosis of patients, and the
pathological changes of patients may be non-specific. Therefore, the need of finding serological metabolites with low high
specificity and invasive features becomes urgent. Metabolomics has unique advantages in reflecting the overall
pathophysiological changes of the body by analyzing the metabolites. Untargeted metabolomics has been widely used in
the study of liver-related diseases and has good application value for clinical diagnosis.

In this study, we attempted to characterize the metabolic signatures of autoimmune liver diseases by serum
metabolomics. A mass spectrometry-based untargeted metabolomics study was performed on the serum of AIH (n=42),
PBC (n=103), and AIH-PBC OS (n=57) patients. The differentiable metabolites for PBC and AIH samples were obtained
by principal component analysis and orthogonal partial least-squares-discriminant analysis, which consisted of the
metabolomic signatures. Among the metabolomic signatures, the fingerprint metabolites were further extracted by
clustering analysis using the values of area under the curve (AUC) of each differentiable metabolite, binary logistic
regression model, and variable importance projection scores. 101 signature metabolites from all metabolite variables were
identified, and 29 fingerprint metabolites were further screened out and enriched in bile, phospholipids, and amino acids
metabolisms pathway, with most classification ability to distinguish PBC and AIH. The eigenmetabolite compressed from
the fingerprint metabolites visualized the significant difference between PBC and AIH (£<0.0001) and achieved a good
potential for classification (AUC=0.797). Based on fingerprint metabolites, AIH and PBC samples could be separated into
three zones, the “pure zone” of PBC, the “pure zone” of AIH, and the mixture zone of PBC and ATH. We put OS samples
into the model and found that samples showed different distribution characteristics in three zones, indicating that OS
patients according to the current diagnostic criteria have different metabolic characteristics and etiological tendencies,
requiring a more accurate diagnosis. This study revealed a metabolic outlook for AIH, PBC, and their overlap syndrome,
and the diagnostic model based on fingerprint metabolites with the potential ability to facilitate precise diagnosis and
management of patients with autoimmune liver diseases.

autoimmune liver diseases, metabolomics, biomarkers, bile acid, lipid
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