i 0 U 4 s JEUR PR R PR AR R
B YN A2 A B P AL

NG &, KRBT, HEM, £ F, KB R (HEWRERE MWEER I 0uE i E 3 58 ek 1TE

HS SRR PO SER S, )P HAK 541199)

WE: BY WJR K VEETPEIEE % (primary biliary cholangitis, PBC) HETHH
fu sz 4k (T cell receptor, TCR) EIEASME, HRKWHIRA W (Escherichia coli,

E.coli) WINERIR ISl E S/AE2IE 3 (pyruvate dehydrogenase complex E2,

PDC-E2) Hulsi fEPBCEIE 4> TALAUALS] . 53k R 2 B R & B s 8 Al 24
JE U B AR 43 HrPBC 5 3 A {8 B X FE 3% (I CD4  RICDS it {2 E TCR B4 H b ¥ 5E X 3
(complementarity determining region 3, CDR3) FFHIRIZ M. R IERR 4 NS 5K
M. HAHCDR3IFH ., KAIME S 8 APDC-E2 4, ,,s ( APDC-E2) i 5 HH 5 T4 g
E.coli PDC-E2;, yu13a14mm35.005 CE.coli PDC-E2) HiJFAHCTYHM, @i G2 20 22 I 74 A
KN (ME.coli) PDC-E247J5AHICTCR B CDR3KE]i%, IFofr HFEE L. 5R PBC
BB AR (g X R AL IR A CDA EAZ TS . CD8 I IZHET4H R TCRB CDR3 4 i
ZREMEADRL, D50F5 %L [CD4CAZETAN M 0.028 + 0.019E£0.034 = 0.015; CDS8' i1z
THHME:  (1.86 £2.70) x 107k (4.62 + 3.89) x 10*]. Shannonfg#t (CD4"iC1ZPET4H
Jfl: 9.473 + 1.34619.734 + 0.933; CDSCAZMETAM: 6.197 +1.519105.436 +1.629)

GinitE %t (CD4iCIZMET4 M. 0.786 + 0.048E£0.760 + 0.036; CD8 i IZ T4 il :

0.920 £ 0.0471£0.939 £ 0.025) X FW TG iT2¢E L (P> 0.05) . PBCAL I
X HRZHCDA L IZPE TN L FICD8 ICAZ M T Hu (B 3545 CDR3JF A H 73 L 22 R LS it =
N[ (647 £1.43) %tt (621 £3.18) %; t=-0.21, P=0.84]. fi&FxIEHFPBCH
A N13. 14, 15HCDR3%> 155 647 55 747 S JE B8 i 2H A R vh 3 0 A7 AE .25 5
S, KR IEBR A AR AL . Ik A0 P R IR AN e % A N Y 4 e T — & 51 APDC-E2
FE.coli PDC-E2¥t J7 i 5 £ 1% B 3% EFIITCRT A 2538 1%t 78 46 2 HH PBCIE T 1)
TCREFERFE, MTCRIXANHALA IR T E.colifE PBCER H 1) 4 F AL -
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High-throughput sequencing reveals the characteristics of T cell receptor profiles in
patients with primary biliary cholangitis

Liu Zhenyu, Zhang Junning, Yang Xueli, Wang Guangyu, Hou Xianliang (Central Laboratory,
Guangxi Key Laboratory of Metabolic Reprogramming and Intelligent Medical Engineering
for Chronic Diseases, The Second Affiliated Hospital of Guilin Medical University, Guilin
541199, Guangxi Zhuang Autonomous Region, China)

Abstract: Objective To reveal the characteristics of T cell receptor (TCR) profiles in patients with
primary biliary cholangitis (PBC) and to reveal the molecular mimicry mechanism of pyruvate
dehydrogenase complex E2 (PDC-E2) antigen of Escherichia coli (E.coli) in PBC disease.
Methods The sequence diversity, amino acid composition and hydrophobicity, and common
sequences of memory TCR B chain complementarity determining region 3s (CDR3s) of PBC
patients and healthy volunteers were analyzed by multiplex polymerase chain reaction and immune
repertoire sequencing. Human PDC-E2,4; ;s (PDC-E2) antigen-associated T cells and E.coli
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PDC-E2;, 44/134.147235005 (E.coli PDC-E2) antigen-associated T cells were induced and amplified
in vitro, and human (E. coli) PDC-E2 antigen-related TCR CDR3 repertoire were identified by
immune repertoire sequencing. Results TCRB CDR3 repertoire diversity of CD4 ' memory T cells
and CD8 memory T cells between PBC patients and healthy controls was similar, there were no
statistically significant differences in D50 index [CD4" memory T cells: 0.028 + 0.019 vs. 0.034 +
0.015; CD8" memory T cells: (1.86 + 2.70) x 10” vs. (4.62 + 3.89) x 10™*], Shannon index (CD4"
memory T cells: 9.473 + 1.346 vs. 9.734 + 0.933; CD8" memory T cells: 6.197 £ 1.519 vs. 5436 +
1.629), Gini index (CD4" memory T cells: 0.786 + 0.048 vs. 0.760 + 0.036; CD8" memory T
cells: 0.920 + 0.047 vs. 0.939 £ 0.025), etc. There was no significant difference in the percentage of
common CDR3 sequence between CD4 memory T cells and CD8" memory T cells of PBC patients
and healthy controls [(6.47 + 1.43)% vs. (6.21 + 3.18)%; t = -0.21, P = 0.84]. The percentage of
some amino acids at positions 6 and 7 (P6 and P7) of TCRP CDR3 13~15 amino acids in length
in healthy control group and PBC group were significantly different, while the percentage of
hydrophobic amino acids were similar. It is noteworthy that a series of human PDC-E2 and E.coli
PDC-E2 antigen-related TCR sequences through cell culture and immune repertoire sequencing,
which may play an important role in the pathogenesis of PBC were identified . Conclusions This
study identified the TCR profile features of PBC disease and elucidated the molecular mimicry
mechanism of E.coli in PBC disease from the perspective of TCR.
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Pyruvate dehydrogenase complex E2 subunit

JERMERHY TR 48 (primary biliary cholangitis,
PBC) Jf&—Fhas eI H & e v, JLRHE
FAFIEPTLRIAR PR (anti-mitochondrial antibodies,
AMAS)  JRE R/ ) A BRI 90%
[IPBC & # A7 E i kI (I AMAs o 3 S8 55753 o5 57 1t
AMASs T BB AR R TR R R M BB E2 T (B2
subunit of pyruvate dehydrogenase complex, PDC-E2) .
Rl R I S 2 A& (branched-chain a-ketoacid
dehydrogenase complex, BCO-ADC) FIfii % —FR
Al E 518 (oxoglutarate dehydrogenase complex,
OGDC) ™, PDC-E25 & 7E ELIEA B 7E A H i
RS . SRAEPBCIEUR N R M AU, (HYFZ
WHFLRY, YR 202 B 5 % T 23T 50 i A
K&, APDC-E2,q. b5 (APDC-E2) 5Ktk
#ibE (Escherichia coli, E.coli) PDC-E25, 4134 147235205570
i (E.coli PDC-E2) EA mBEMIFFHIARLLE, KP4
PURRALI =GR m BE IR . 45T 1 e FE AT
P, AL S AA S N A BT PDC-E24 iR 4 2
SRS R AT RS ] S PDC-E2pUR Y, sk b, £
TRAT IR P AR, e EPBCEE SR M PR R IR G

(urinary tract infection, UTD [RBIFRIGMN, HKZ
Hos il g 5 B HE.coli® . 145k, ShimodaF T 5t
R E.coli PDC-E2[) 73 T HAUN)FEPBC R 7 1§
X H HPDC-E2, ¢ 7 TR N TN & . 411, PDC-E2iX
— R B RPUEE An T R B B R 52 ¥R T
AL TR A I B o

B S WA TH L R 0E AEPBCE 1 A& A2 K Je

RRIEEENER . CD4™ T4HH AT BELEDTE TR AT EL
o kR EREEER, MCDS MRS THR TS5
AR B, CD4" T4HECDS " T4H M A R4
S T AR T 208 I TA B S2 AR A T AT
Ak (T cell receptor, TCR) HIHTERFFEEAR RFEREE
R T SARBE ) A HAMRE X3 (complementarity
determining region 3, CDR3) , I VIEK. DIERHIFI
FER BRI B DL RV (D) NEBAMZE TR
Bl A N PR AR A 22 i R AR 4y
W s BECDA’/CDS ICAZ ETAN M, £ R AT EE SN
(polymerase chain reaction, PCR) ${AR$ 1% TCRH)
CDR3[X, Jf 5 s & P SR 73 HrPBC &35 F i
BN AME CD4"/CDS e AL E T Z AR . &
FRMLA R . AMAPNCD4 FICDS A2 T AR
CDR3JFHIMFAFEEL, FHim i 4 fu 35 75 A0 G i 28 12
%52 7 APDC-E2HIE.coli PDC-E231 5 AH < TCRJF
G, a7 RPBCHIECRHLHIFEHLH B .
1 ERSRHE
1.1 st f ZH%E8H HAHAHLA-DRS53
(DRB4*01:03) MR EAL =B (1 ~11
) KIPBCL M3 . PBCE R E T I B E bR
NINE Wb e g NARTE: 754 BL R 3 s
WP F2TT DRI 2 W N PBC: (D IILIE H AMA AR EY
AMA-M2FT IR s @ R BRI F ) A 0tk 22 4
br (B VEBEERES (alkaline phosphatase, ALP) . y-%%
SR (y-glutamyl transferase, GGT) ] FH&r;
O FH LR 22575 PBC. RN HER:: O ADIT
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G U RS PTG R B EAT A8 L IR ORI AT P RE IR
HURE . Z9M P0G 55 @ R Gu itk Wi £ A I 4%
s @&HHAME B R . thoh, HE8H L
PEAERE G IR . ONFRAE: TOERAE R s, i
TORRGL S (PR . WARIESE) 5 W MSLIR =
G RL FIhEE. IREHL. RS 4551
BIEH; BEERERNMFRSESEEAERE. &
WEFAR YRR 3 2 55 W RN 3T, R A RTIR
13T FEARER 22 B B & B B AR BE 23 02 2= AL

1.2 T@mfe s B F2RNASRIR RER A 52 #E20 mlsh
JE I, A# FFicoll-Hypaque 25 /0o 2% 43 B 40 i 1L BN %
ZH} (peripheral blood mononuclear cell, PBMC) .
i FHFACS Ariaifit 40 ff 7336 ORI DA R Pk (350 T
BD Biosciences) : #{CD4 PerCP-Cy5.5 (OKT4) . i
CD8 FITC (RPA-T8) . $iiCD45RA APC (HI100) Al
PICD45RO PE (UCHL-1) , 4riCD4 2T AN
CD8CAZETHHM . ZFACSKI, A/ MREA T ML 1
CD4"/CD8 I Z PETAN M8 120 5 AN, afifg >
95%. 4 FHTRIzoli7] (Invitrogen) FEEL/:i4H A i)
RNA, HTE8M SR @A snE T .

1.3 A (SRE.coli) PDC-E24F W T 48 it ¢4 32 Fx An
¥ RAREK T2MARNZ KA, 755N
APDC-E2,¢; .k (GDLLAEETDKATI) FIE.coli
PDC-E2;, 413414723505 (EQSLITVEGDKASM) . £
SRR B AT, BT UK 26 > 95%.
f& F Ficoll-Hypaque % B F 55 O yE 31 45K 5 541
PBC 3% #h & 1f F1 I PBMC o K FH W Bk 79 1% v 3k
SCD14 40 A AZ T M, S FH ImmunoCult™
Dendritic Cell Culture Kitik 7] & CD14 40 /> 1k &
BB SO (dendritic cell, DC) . ¥
A EADC, 2T L & N (BRE.coli)
PDC-E2Z ik i@ r gl 3L i 5k R, XTI &E
PBSZ i & {CPDC-E2Z Ik, #3 N (BKE.coli)
PDC-E2M S T4 i 5 % S IR AR STk . B, Uk
/NI FRIEZ T4, REIRNAM T )5 42
FI SR mEE NP . N (8LE.coli) PDC-E2
MRTCRIVE & HIEW T : SXFRAMtL, AN (5
E.coli) PDC-E24{ )5 il 5, 4% N CDR3&
HIEFEHIMRR NN (BLE.coli) PDC-E24H5<TCR.
1.4 XEMEAZHBENFBEHEHT K HQIAGEN
multiplex PCR Kiti} 472 EEPCRUAMH3RCDR3[X 4k, 324N 1F
F514 (VX590 R mtExS B I REETCR-VBIX B,
3NG4 QX519 Rt N ReETCR-IBIX
Bt ¥ Z HPCRF) (100~190 bp) HUKENL. K
BE. difk. I “A” BEE. AP LR A
KMAEskiEdze. BiJG, PCRES L— B 2I1E1HDNA
FrB, KFHQIAquick Gel Extraction kit%f PCR 4z 4lifk,
[a[Ui, 1 F Agilent 2100 BioanalyzerJT & SO fFife . [

BRD ) 20244F 164 1M

J& /¥ Fiilllumina Hiseq2000ll 7->F- 5 BA100 bp iK% 44
RSO AT BCXS A 77 o 58 FHMITCRER A4 1)
FEEERFIPCRY M w22 . 3ok b5 & P e 540

Bt J5 KiPair-end (PE) H45 (1) 2% 7 S B HE Al 1 4% 52 4
[IESRE (contig) . SKFIMITCR (HiMiLaboratory
%+ http://mitcr.milaboratory.com/downloads/) L%l >
BARM, %EAFFCDR3 DNAFEA . SR FF I FIV-]
HEMRBZ ., KA EES (Inverse-Simpson)
ZREPEFE S, F AR (Simpson)ZREPETEH. FA
(Shannon) 15%f, D5035%%, FE/F (richness) 18
. HJE (GinD) FEHH T &AM TCRB CDR3E
W2 REHEN2Y AR RHT T P R K 13,

14, 15[/ICDR3%> T 556/ FEE 74 2 SR 1) 2 AT LA
MK BIERR I B AR, Hor 53T IhRe 2 v % 4o
P A BT HINFE) FUETCRBCDR3 %k
Bl CERRAEATIINFERD BT,

1.5 %eit 5432 {§iFHSPSS 203741400, 2 REIE:
/¥, BEREHESFESESOMITEREM x+s
Fon, PR M FEAR AT . CDR3FAIFEEEN
EIESA AT ETR, UM (D, pis) T, KH
Mann-Whitney U5, AP < 005 NZERA Geit2#E Yo

2 FR

2.1 TCR % #4547 PBCHE T (5421+647) %,

FTEEI41~65%, fdFEEEE Y (5513 +£825)
%, FRTUE43~63%, WAMFERLEEER (=
034, P=045) . XHInverse-SimpsonfE%{. Simpson
¥84%1. Shannonfi%{. D50#5%41. Richnesst5%{. Ginif§
i TCRB CDR3IZ#:14:. Inverse-Simpsontg £

Shannonf&#{. D505 % flIRichness$s K H B kA,

CDR3Z AL & s T Simpsondis B Ginifig Z0UU AH
2. PBCHAIRTHEZH [A]CD4 {CAZ ETAM (K1) A
CDSICIZ T (R2) I FEMARLL, PidaE R
TGt X (P> 005) .

2.2 CD4" eIz T A2 CD8 it e M T 4l it £ A
TCR B CDR3& 5|44 SFH&4 A CD4 2 PETH
Ja F1CD8 7 P T4 ffd 18] ¥ 3 CDR3 /7 51 | 43 i
FL7E2.25%~11.41%, “F¥MEN (6.21 £3.18) %;

PBCHLH CD4 i 12 T4 f A1CDS K 12 14 T4 ffd )
f) 34 CDR3F A 5 43 i LE7E4.18%~8.63% 1], ~F
PIMEN (6.47 £1.43) %, WA ERTLSITHFE
X (t=-021, P=0.84) , WK1, E2.

2.3 TCRB CDR3 57| % 645 4= 5 745 B A BR L0 A BB K
AT ARSI T g I g R R ZH ATPBC
A TAY LA b A B AT AR R R 4H i 2 A AL, {HLDA
LA R RO B SR (E3. K4 .

A o [ e R T CDA S IZ TR K N 14
ICDR3FH 5 6fr IR (14-pos6-4RO-unique) 1]
EAMR [ (0.764 +0.060) %L (0.700 + 0.046) %;
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t=2.42, P=0.03], 14-pos7-4RO-uniquel %%
{ [ (10.385 £ 0.379) %Lt (10.862 + 0.216) %;
-3.09, P =0.008], 14-pos7-8RO-uniqueft]£2 %
2 [ (7.158 £0.421) %L (6.729 £ 0.317) %;
=2.32, P =0.04], 15-pos6-4RO-uniqueJ¥5 %
ﬁf{ [ (10.174 £ 0.438) %Lt (10.619 £ 0.362) %;
t=-2.22, P=0.04], 15-pos7-8RO-unique /]2 %

R [ (7.568 + 0.425) %Lt (6.990 + 0.239) %; =

,%@7,‘%

CRE - 4

14-pos6-4RO-total FIZR R [ (0.693 £ 0.139) %Lk
(0.970 + 0.309) %; t=-231, P=0.04], 14-pos7-
ARO-total (1 755815 [ (8.594 + 1.055) %Lt (10.489 +
1.895) %; t=-2.47, P=0.03], 15-pos6-4RO-totalff]
BER [ (1.125 £ 0.334) %Lk (1.510 £ 0.375) %:;
t=-2.17, P=0.048], 15-pos6-4RO-totalft]fiii & &
[ (5.819+0.868) %Ll (6.848+1.016) %; t=-2.18,
P =0.047], 15-pos6-8RO-total {J A% R [ (0.575 +

3.36, P =0.005]. b7k, STCRB CDR3%y% &3l
o, ANRTE BRI R R R A TR B A
BORFFME, 28t fr K EUE FEXS 2 APBCA
DAL R M B EEZ R STCRB
CDR3 % 25 B i CD4 e 2 M T 41 M K N 131
CDR3FH IR IR (13-pos7-4RO-total) [IFH R
[ (0900+0.196) %Lt (0.619+0.254) %; =248,

P =0.03], 13-pos7-4RO-total [f) & | AR [ (2.439 +
0.926) %EL (1.526+0.626) %; t=2.31, P=0.04],

)

= 1 PBC 4HFMNEBLEAY CD4™ i21ZM T 4AAAY TCRP CDR3 ZHEM S (x£s)

0.325) %Lt (1.552+0.992) %; t=-2.65, P=0.03],

&2 PBC BHAFEBEXIELE (NC) 8 CD4 i2IZH T
ZHAEFN CDS' iC1Z1E T 4RARIE)3LE CDR3 FHIE 57

28 3 D5045 4% Simpson4§ 4k Shannon4§ 4% Richness#§#& Inverse-Simpson4§ 4% Ginidg 4
it B8.4a 0.034+0.015 0.013+0.017 9.734 +£0.933 191462 + 40148 1037 £ 1670 0.760 + 0.036
PBC4 0.028 +£0.019 0.028 +0.039 9.473 +1.346 206239 + 39826 1772 + 3401 0.786 + 0.048
Ha 0.74 -0.97 0.45 -0.74 -0.55 -1.25
PiE 0.47 0.35 0.67 0.47 0.59 0.23

#& 2 PBCAM3IHRLE CDS™ 1212 T 4AEHY TCRP CDR3 ZAEMDHT (x£5)
287 D50484% Simpson& 4% Shannon#§ 4 Richness1§ 4 Inverse-Simpson4§ 4% Ginig 4
AR 40 (4.62+3.89) x10* 0.108 £ 0.163 5.436 £ 1.629 51358 £23656 28.320 +21.871 0.939 +0.025
PBC4L (1.86+2.70) x 10° 0.042 + 0.040 6.197 +1.519 57533 £ 14119 60.408 + 57.683 0.920 + 0.047
Hi -1.45 1.12 -0.97 -0.63 -1.47 1.01
PiE 0.19 0.28 0.35 0.54 0.18 0.33
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1~ P APBC4; K 4RO # CD4" itiZ1%: T 4f3; 8RO { CD8 421 T 4HiE.
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15-pos7-4RO-total ] R & Z R [ (4213 £ 0.551) %tk
(5221 +0.897) %; t=-2.71, P=0.017], WES.
BEAL, i e X B 2 RTPBC Y 4L 18] A b K AN
B K R RA AR I, TREEER.
2.4 PDC-E24% /& #4487~ E.coli fEPBC % ¥ 89 5 -F
AAE] GEESHIPBC 3 4 M E I A i A2 TY0 ik
ITHEGE, 4559 R 34> CDR3 5 %1 7 APDC-E23l ¥4
2H. E.coli PDC-E2JiJ##2H . PBSY& WA e ZH Hh A,
FESHIPBC % rh LA 17 5B LA 452 53 ) 2234
(10.9%) . 10278 (8.6%) . 12550 (12.3%) . 1176

>

SRS (%)

@

BEBRABIIE (%)

) ) 20244F F164 H1HH

(3.7%) 2641 (3.1%) , W6, 4 CDR3F41+F
RE7E APDC-E2FIE.coli PDC-E24T J5i Il J5 52 311,
TESUEEAH, ML T ARAIFL, 542 CDR3FHIF
JE7E NPDC-E2471 AN E. coli PDC-E2470 JE Il e 2 2%
#an (P < 0.001) , iff APDC-E2470J5 il 4L ANE. coli
PDC-E24ii i fil A R e B 2R (P=0311) ; 1ES3
FeAH, M T REIEZH, 182CDR3FHIF-FELEA
PDC-E247iJ5HIE.coli PDC-E2471 R Il 5 & 1 (P <
0.001) , [FFEAPDC-E247L )i filiZH FIE. coli PDC-E247T
R TR EER (P=0448) (3R3) . IXLLfE

3 PBC AR RBEMFR T ERERELE (REEENMNFINEE) dFIHKEN 3B CDR3 B FHE 6 i (A)
F 74 (B) SEBRARNE
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PBC AANfEFRxf RAEIRFF R e e S R EIE P AR 2 B E M E R EEDRR

B A~ E 45008 CD4" icdZ 4t T MK BN 14 1) CDR3 FEHIES 6 A (14-pos6-4RO-unique) FRE R, CD4™ idiZ P T A&
4 14 (¥ CDR3 [¥ 5158 7 fii. (14-pos7-4RO-unique) K% ER. CD8 it {2 T 44t 225 14 1) CDR3 JF 515 7 A1 (14-pos7-8RO-unique) #£
MR CD4™ 10421 T iK% Jy 15 1) CDR3 JF 5145 6 iz (15-pos6-4RO-unique) FEZ R CD8 10427 T 4ffa % Jy 15 () CDR3 551 4

747 (15-pos7-8RO-unique) % F.

%3 A /E.coli PDC-E2 iR RIE /G CDR3 FHIEE (M (pys, pas) ]

285 S1AA S3 AEA
A PDC-E2 /8 #4440 1.07 x 10* (4.18 x 107, 3.14 x 10™) 3.04 x 10° (6.95 % 10°, 1.30x10™")
E.coli PDC-E2 /& )it 48 6.40 x 10° (1.92 x 107, 3.16 x 10™*) 2.35%x10° (822 % 10°, 4.92x107)
A gn 2.20% 107 (1.46 x 107, 9.88 x 107) 1.79 x 107 (8.96 x 10, 1.79 x 107)
HAA 103.28 34.90
P1h < 0.001 < 0.001
Z Ak -8.84 -5.08
P 1A < 0.001 < 0.001
Z, 18 8.79 -5.14
P, 18 < 0.001 < 0.001
A -1.01 -0.76
P 1A 0311 0.448

¥ Z,s P, N\ PDC-E2 #7153 40 F0 AR R A AR LG, Z,. P, 9 E.coli PDC-E2 $i J5 il S 20 A A s A A0 L, Z,. P, A\ PDC-E2 #7t

J S B2 N E.coli PDC-E2 $1J5 Ml A AR L o
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5 PBC AFnfERxHLEE] 2 TCRB CDR3 ZERERILFHEBMEREMNEZHERNEER
H: A~ H4r 5008 CD4™ iddZ 4 T 4 e B 24 13 1) CDR3 341 58 7 £ (13-pos7-4RO-total) [FI#f %R CD4™ 1diZ 1 T 41 B M 13
) CDR3 #4155 7 5 (13-pos7-4RO-total) I RITLZIR. CD4 L2 1: T 4iH K N 14 ) CDR3 #5158 6 £ (14-pos6-4RO-total) 12K A 4
fig. CD4 C1Z1% T 40K B9 14 () CDR3 4155 7 7 (14-pos7-4RO-total) [75 282, CD4 icAZ M T 4R B4 15 1 CDR3 #5155 6 fif
(15-pos6-4RO-total) FIFHIZER. CD4" iciZ M T UMK M 15 i) CDR3 4I5S 6 i (15-pos6-4RO-total) HIFHZER, CDS8' iciZ M T UMK E
2915 [ CDR3 #4155 6 {3 (15-pos6-8RO-total) {4512, CD4" iC4Z M T 4HA- K25 15 () CDR3 4155 7 {37 (15-pos7-4RO-total) IR [ 14 1R «

&6

C

2 Zi0IZM T 40pE2Z A (human) PDC-E2 #i[&E. KEFREE (E.coli) PDC-E2 HiE X PBS ;&% (control) FEE

Fr{S TCR % /% [Ei&[8] TCRP CDR3 FHIHEEH Venn

HI ] REAEPBC R FT il B & G it 52 14 731 ML
RAESARIER

3 e

PBCJE —F 495 A1 T 14 18 P4 FEL A 40 43 12 5 0

H BT e AOm pLR ok se 4 . B 5 e st
T2 A ELFEPBCTE N 125l B S Be i i R AR K
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{e R 41 1f1CD4'/CD8 e IZ T4 AR A TCRB CDR3 i
FHIE, FEAAMESY I E & PDC-E2,4;_76 (ME.coli
PDC-E2) RptET4HM, SNiE BIPDC-E241 )i f/ETCR 7y
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AR FTLE R, XEFPHITEAREAMME (BAA
YHARSEAE) FRERIA HLma AR R R e SRR, 7E
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JEfk . 4Rt 5 CDAT T4 A HAE R ADCH At
JREh 2, JHEIBRF R R AL RS 5 45CD8" T
Yfiffd, CD4" THNAIE rl@d ZFh o> FHLHIHE3ECDS T
TR, BTFPBCR—FEME R IR, W
PBCE 4 HICD4 e AZ T AICDS e 7 TR A )
HAHCDR3FHIH syt TR, SRSt K IPBC
A R IR A T B S R, AR SR K R
AH BB AT R R, JREHA TR BT
FLCD4" TAHRfIANCDS" T4 [a] 11k F/E F fEPBCHp H
[FI1EF . CDR3IX Ik RIEIRILELRE Shtlsefh,
AR TCRB CDR37; T HA AR R IR K -



4w

73 HTCDR3 X 35 28 FEFR AL FFAE X2 T (1B 2 FITCR
PEIRIT A R L. SR AT IR
13fJCDR3 4T SR60 AN 7T E LR K IR T B &
SOSETARR AR A 7T RS04 7T 7 PBC
HAE TR A E N13, 14, 15[CDR3% T
() 58 O RN AR T G FE IR (1) L ST DA K i /K R FE R (1)
B RN R LR (1 A AR T 3 %2
T, (B DS ERER (WER. RITXER. &
WER. HER. WER. REER) ERd R 2
DEMER. [EEERIE, AT HPBCALME
XTHRAH AR Z R B A L E B 2. X 5RTA
WAt AR —8, XA HE ST Gk R [FI Rl
T FITRIE FE I A 28 22 S S 1 o

A, KREREFT K ILE. colitE filt )k PBC G i
R RFEEEEH, FEFNE. coli PDC-E25 A
PDC-E2/F 5l AR H A . 15 3= % 41 B PDC-E2 470 J& 1)
4 H o 2 A 2% B B PDC-E2470 J5 2 1E H -
I, E.coli PDC-E25 N\PDC-E2[H] ) /3 T 148, i] Bt &
SEE G RN ZR R KRR HERTNIE,
Ir TR AEPBCHE R H A FH il = 2 65 (1) 3
WARYE . ASHIF 7030 5 40 o 355 32 A A s A PR e, %6
SE T — R A BEAEN B A PDC-E235 Ji X AL B E. coli
PDC-E2¥1J5 I TCRB CDR3JF 41|, MTYHML 3244 f1 FE
8] T N 5 E.coliff]PDC-E2) TAEMLH] . (HAH 7T
NTIREARER D, FAERRYE, RRFIERE KK
BEFEAR AT RTIEVE 2 SO 7L LLdE— 2P 58 UE LA
REER, B, XERDPBCHIAIRHLE . 2k
AVAYT &7 TSR T HIR IR .

SE R

[1]  LLEOA, LEUNG P S C, HIRSCHFIELD G M, et al. The pathogenesis
of primary biliary cholangitis: a comprehensive review[J]. Semin
Liver Dis,2020,40(1):34-48.

(2] REEHE, HTE, SRR, S5 IRV AL S LIS PR 4 AR 30K
T I3HT[I/CD). H I 2 35 (F Thi),2021,13(3):48-55.

[3]  RIWE, RIEF, wysitn, &8 JEURVEIB YR AE 2 & I e = W AT 4
1R [I/CD]. v (B s 2% 5 (H¥-hR),2020,12(3):17-22.

[4] HOU X, YANG Y, CHEN J, et al. TCR B repertoire of memory T
cell reveals potential role for Escherichia coli in the pathogenesis of
primary biliary cholangitis[J]. Liver Int,2019,39(5):956-966.

[5]  BARTOLI A, GITTO S, SIGHINOLFI P, et al. Primary biliary cholangitis
associated with SARS-CoV-2 infection[J]. ] Hepatol,2021,74(5):1245-1246.

[6] GOUBRAN M, WANG W, INDIK S, et al. Isolation of a human
betaretrovirus from patients with primary biliary cholangitis[J].
Viruses,2022,14(5):886.

(71 TRHIA, BE, XK, . FURVEIR AR R G R ALEII]. T
S A7 24 5,2021,29(6):500-504.

[8] GE S, XU Q, LI H, et al. Differential immune response to xenobiotic-

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(7]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

) ) 20244F F164 H1HH

modified self-molecule in simple and connective tissue disease-associated
primary biliary cholangitis[J]. Liver Int,2022,42(10):2204-2215.
HIMOTO T, YAMAMOTO S, MORIMOTO K, et al. Clinical impact
of antibodies to Sp100 on a bacterial infection in patients with primary
biliary cholangitis[J]. J Clin Lab Anal,2021,35(11):e24040.
SHIMODA S, NAKAMURA M, SHIGEMATSU H, et al. Mimicry peptides
of human PDC-E2 163-176 peptide, the immunodominant T-cell epitope of
primary biliary cirrhosis[J]. Hepatology, 2000,31(6):1212-1216.
FHEW, TR, ANA. JFOR PP AL 35 SME M Tho4n i
Fik KT LI FF Dy sE FIMayo 1 73 AR 5S4 [J/CD]. o [ i
& B (T HR),2020,12(2):31-36.
YU K, LI P, XU T, et al. Decreased infiltration of CD4" Thl cells
indicates a good response to ursodeoxycholic acid (UDCA) in primary
biliary cholangitis[J]. Pathol Res Pract,2021,217:153291.
PRIETO J, BANALES J M, MEDINA J F. Primary biliary cholangitis:
pathogenic mechanisms[J]. Curr Opin Gastroenterol,2021,37(2):91-98.
WANG P, JIN X, ZHOU W, et al. Comprehensive analysis of TCR repertoire in
COVID-19 using single cell sequencing[J]. Genomics,2021,113(2):456-462.
HOU X, ZENG P, ZHANG X, et al. Shorter TCR B-chains are highly
enriched during thymic selection and antigen-driven selection[J]. Front
Immunol,2019,10:299.
YOU H, MA X, EFE C, et al. APASL clinical practice guidance: the
diagnosis and management of patients with primary biliary cholangitis[J].
Hepatol Int,2022,16(1):1-23.
MANNS M P, CZAJA A J, GORHAM J D, et al. Diagnosis and management
of autoimmune hepatitis[J]. Hepatology, 2010,51(6):2193-2213.
BOLOTIN D A, SHUGAY M, MAMEDOV 1 Z, et al. MiTCR: software
for T-cell receptor sequencing data analysis[J]. Nat Methods,2013,10(9):
813-814.
HOU X, WANG G, FAN W, et al. T-cell receptor repertoires as
potential diagnostic markers for patients with COVID-19[J]. Int J Infect
Dis,2021,113:308-317.
WANG G, SUI W, XUE W, et al. Comprehensive analysis of B and T
cell receptor repertoire in patients after kidney transplantation by high-
throughput sequencing[J]. Clin Immunol,2022,245:109162.
HOU X, CHEN W, ZHANG X, et al. Pre-selection TCR
repertoire predicts CD4"™ and CD8" T cell differentiation state[J].
Immunology,2020,161(4):354-363.
CAZZAGON N, FLOREANI A. Primary biliary cholangitis:
treatment[J]. Curr Opin Gastroenterol,2021,37(2):99-104.
NAKAGAWA R, MUROYAMA R, SAEKI C, et al. CD4" T cells
from patients with primary biliary cholangitis show T cell activation
and differentially expressed T-cell receptor repertoires[J]. Hepatol
Res,2019,49(6):653-662.
HAN Y, BIAN Z H, YANG SY, et al. Single-cell characterization
of hepatic CD8" T cells in a murine model of primary biliary
cholangitis[J]. Front Immunol,2022,13:860311.
KHAN S M, DESAI R, COXON A, et al. Impact of CD4 T cells on
intratumoral CD8 T-cell exhaustion and responsiveness to PD-1 blockade
therapy in mouse brain tumors[J]. J Immunother Cancer,2022,10(12):e005293.
LU Y J, BARREIRA-SILVA P, BOYCE S, et al. CD4 T cell help
prevents CD8 T cell exhaustion and promotes control of Mycobacterium
tuberculosis infection[J]. Cell Rep,2021,36(11):109696.
STADINSKI B D, SHEKHAR K, GOMEZ-TOURINO 1, et al.
Hydrophobic CDR3 residues promote the development of self-reactive
T cells[J]. Nat Immunol,2016,17(8):946-955.

ok H e 2023-02-17

X% E, RILT, HEW, F. B ENFB TR IS K EF O TmRZ AR EE4FE)/CD). b B IR 2 &8 T

#R), 2024,16(1): 38-44.



