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Abstract

Endometriosis (EMs) is a chronic inflammatory disease that primarily manifests as pelvic pain and
infertility in women of childbearing age and its pathological mechanism has not been fully eluci-
dated. At present, most studies have focused on changes in the proportion of immune cell subsets
and the expression levels of inflammatory factors, whereas in-depth and systematic investigations
into the antigen-specific T cell response mechanisms that drive the occurrence and development of
the disease are still lacking. T cell receptor (TCR) repertoire sequencing is an emerging molecular
detection technology in recent years, which can comprehensively analyze the clonal diversity, line-
age composition and dynamic variation rules of individual T cells, and accurately capture the re-
sponse characteristics of antigen-specific T cells. This paper systematically elaborates on the T cell
immunological characteristics of EMs, introduces the technical principles of TCR sequencing and its
applications in related diseases, and further demonstrates the feasibility of applying this technol-
ogy to EMs research as well as the potential technical challenges and future directions, aiming to
provide new perspectives and tools for revealing the antigen-specific immunopathological mecha-
nisms of EMs and exploring novel immune intervention strategies.
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1. 5]

T B W A E (endometriosis, EMs) & — 5w B SOREME HAUGUMEBCR (I iaRbom, HRMER T8
WA A HAERK T FE RIS, 22 5%~10%K 5 8 &k, SRS AR MAEE e 1.
H iR s BEAS & T2 12 W EMs (1 “ &hrit” , IfR L= TS e EDin £, SEOS KR 1A
7~10 4£[2]. Ems [RENLEIE 4%, ¥ Rsitfh . ). Wl RIS 2 B BAEH, b G bR
FRAZ I, MR R A A PR S B OSSR ELAE EMs IR AR R B i 7 O M €1[3]. Vallvé Z5igid
7 EMs 4 E R4 . NK 40, T 4302 728 B Th1/Th2/Th17/Treg 54 M VA LL A (1) (i
8, DASCH A R TG i 238 (4], SRTI S8 (1 1 5 A RS 232 15 DA R G AmT A AT LA PR e 95 40 M A S 1 ARl
UKz EMs A2 R R B4R e M0 i A HOAH RE (1) T 4 i v B R 75 SR 2 R SN

T 232 (T cell receptor, TCR)Z& T 4B IR AP AK - 32 Z4H ZUH 2% 52 5 Y (major histocompatibil-
ity complex, MHC) G871, HeE R 2 FEPERG B 17 3d I B e N 255 10 Al o B v 20 U 3R 1)
RIE, fERAT . PR MR AMALERE € AR BB BRI TCR AW RE[S]. JBIE X T TCR Z4F
PEV V(D) BEDS A5 A A Za A0 T 48 60 v B 7 R RS o0 A7, W] AHEBTHLAR 22 D IR e P e LB k. H
AR O S % 5 2 AN OB AU AT S g o = R o 2 vh 25 0 R IR bk At A S v e, K
et B R JER e e T 4, B B e it AT R IO M B B ORI T R FE 6], AR, B
BT 2 TEAET Ha % 40 B 0 B L A9 AN 90 IR 1 I 22 A8 A, % T DR Bl 3 R e S PR B 5t B s B2 ) T 4t
SR N EALENT A B, X SR PR T EMs i BEA BT B . ARSI A EMs 1 T 28R 4
JERIAST, A TCR 4 EMFHARRREIE SR, R HAE EMs it 7 h M BT 52, BT EMs

ik
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(PR T S S TR T SR ER 1 1 .
2. EMs B T MBS iE S 4S4E

T 2P T P 3 S B AR O R RE 4B, O REA e DHREARAS A e B AL I S o B, & EMs
JRER R I B R AL O], BERSS R NIRENRZE . e ek, SR R A K R R TR
HA N, AR, EMs B35 07 AR L. IR IR A i A 344776 5535 ) T 40 B G 5
HIXRh S S 0 IR ™ SRR 2 VIR DG, 50 ) S T R A T S R AN 1] [7] [8]-

CD4+4f B T 4NAE(Th 40AR)WHERH 2 EMs 3B T it 2 —. IEFAFRET,
Th1/Th2 ZHM4EFF5h AP 45 . Thl 4005 B0 IFN-p. IL-2 5400 R 1, -S40 0 S & s W AR ThRE .
Th2 400 730 IL-4+ IL-5. IL-10 5605, S50 0% K i, e EMs &, X e
] Th2 BURFe, S fr M6 R BRI The A LL 9l Fhis, Thl ZHAR3CE R DhRe T, SEWUERT FALA
L4 6 £ S % MR AL RE D IS5, A AL S AETE S TEANE 126 F[9]. Bk Th1/Th2 2454, Th17/Treg 4
A A LE B 2R o Treg 4HARACEIE 2 HANHE TR 38, @S 70 TGF-B. IL-10 55 G2 i K740
HIRONE T 4R ThRE, Rk A BB G 6%, TT0 Th17 QA S IAE RN S Treg 40 L AOFHI4E F 245,
BE— D IR 30 AORE RS, 5 A AR A, BN kLR 28 Y B8] [10]-[12].

CDS8+4IB & T 41 (cytotoxic T lymphocytes, CTLs) I RE 52 4 [FIF£ 2 5 EMs [ B 2. CD8+T 41
M mrid I b EFLER . PRI SR AE M B I o T, BN R S T ) A Y IR . {HFE EMs B,
SEAL PN BRI S A0 B @ R R IA PD-L1. 434 IL-10 250750, #f] CD8+T 4 ffisib 51, SEHFIL
o BURLEE WD, R ATE TR N, A ROERRALH[13]. B4, EMs #3E CD8+T 4Hfiu sk
[fl PD-1. TIM-3 S 12 R B3R B, midtfligs+ CD28 MRIA T, SET it T “Hes”
WA, WFEAE I SRR T W24, X —IRE EMs i 5% I 6 RER % VI A 55141,

3. TCR MFHE AR #EiA

T 42 R(TCR)Z T AR MM RER RN, Lha pREREEENE, DBy, 68,
FABR S X (V). 22X (D). EEXO)FEEX(C), HPUERMEERIEHE Va M VB FER) B AN E
X (CDR)#5E, HH CDR3 [X /& TCR ZFEMEIZ ORI, B V(D) BB B E 20 RAZ AT BRATE N /BT i
[15]c A% TCRa %% TRA R PES(E 54 D Vas 61 D Ja B T Da), B 5EH TRB I K g A (&
65 > VB 24 DB. 13N IB B, & V(D) EAMBEALA G KAL TR P3d A /MIFR, F Faf =4 2
x 10V Fft TCRaB H G, J3di 14 Ho 9% B 25 B4 7€ 79 - FEAli[ 16]

TCR AN P36 T @ il 7 Aok, o 4T TCRa/p 85 V(D) EAFF. 5o BEAIR & 2 b
[17], EFREAR D HLE N (Bulk TCR-seq) 1 HLZHJfI TCR ¥ (scTCR-seq): H & fE =K TCR W& %
FEPEA 5, & T R AR 2, (HICV200EE TCR 7415 B4 R AL/ ThRE s J5 38 T R H R A T 41
Hiff) TCR 74 5 &5 AEE, Wi E R 5 RER B N R, RITHURIBIT, EFERAR.
AR A B SR (1 6] /18] [19]. IREUFFIEHR G, AT EMGE B0, R Ofein i w4
TR ZFEMEFRE v/ FERE AR 25201, @ik b S BOIRAS R IFabn 22 57, mIi ik tH i A ¢
(RRE P TCR B B T ORI AE TR (21 ZBAR H AT C e B T8 e e e, m] P A% i G 92 TR
BORAS . T S e 697 97 3K [22]

4. TCR M FHARIEMH X EHR P HIIEKN A
4.1. PR BB
TER IR S IRy T A, TCR M 2O DAl B8 S i WOA S . W S B VA o7 B2 e T B [22],
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WIS A HTIRIT TG B TCR A ERIZNAZLA, R tH 5677w SN AH G e B BBl 2, AT IaIT
Pl FHIT IR SV HE . Zha ZF[23]18F 70, 59 SLFE B0 g (1) T 400 5o B Rk T s 2
AFANEGP 80, H top100 T A 5o 2 LU A5 5 g SRAR fr gy o BBt A i AH OGS AN[RI A 22870 O Ly
PG ARSI AR PRI o =2 2 M OP B A 70 R il TCR A4 vT &84k, TR A, H
AT AEAE SIS WHT 4 FRRTIR], P B S B Al 29 58 BEfili[24] . 2 DT FEUESE, ORIk e
ZHfI(TIL) ) TCR PE 2302 FEME S35 B AIK L e BV S 8 38 i R AL, B8 0 e e e B s e 2 1 5 B 3 ik
JAEAF . B VIR [25] [26]. FEEIUEHFA, NFAKWE 16 BYFHMEAHC = 3 _F 2 AR AR
(Cervical intraepithelial neoplasia, CIN) & # 5 YL B # 1 TCR FEAAIE R E 22 R7(27], & HUE B E I
TCR Z MRN8 b,  HATIE 520230 TCR B 2 R 5 15 A 55 [27] .

4.2. PRHEMERR

T 20085 57 R 4 o B AR B2 O, i TCR IR vl 45 A 57 I8 P 20 B I 2 R 2877 1
TCR & FEREANAN T [ 3 880 (2810 T AT W S R 0™ B ARE, R0 5 BRI S T o 5 R A
DIARSG, WEUEE TCR WP AL, TR RTYIE S BEA SN I TCR P R BURFAETEAS, BT 2 4F
PERRAG . (R e w4, $emia)L - BHAR AR H IR0 T 40N 2%, X AR 4 Stk T 41
E AR IE CACAE T D A 4 ST TR 2 e B AR AT SR A OB AR R (291 RSR, B B 4N TCR
TR 73 ) LIRS D S5 BOR A I 8T, TCR M58 AR RN (RS HE S i, MG YT
LIy RO R A AL O AR

4.3. BB RERBEE

EMs fEA8 1% SORE L ZARIA 7 T 5 B 5 e A AL 2 AL . AR RIRICTT 2, 380 28 25 i i .
ZURIANE L) TCR MY, AIAENS B 235 & 48 HAE AR R SE A L2 TCR SefERY, X8RN
RN B S PUR M BURYE T 4000[30]. E£RGEIELATRIET, HME I TCR FE R EFLEE 5%
JRIE BN EEAH DG, e VIR B RS FH bR (311 [32]. JEIE TCR A2 751 1 2 FEPE v B bf i 1
fife 1 f S B CE PRI SR LI AR 3 0T REAE D DAk A SR 7™ BRI 5 i XSS BT ) R AR 54 (33
WEAN, TN e e g 4H I AR AL T S PEHR HEE 48 JiE (immune orbital inflammation, 101) & 5%
(1] TCR CDR3 ZAEPEAN G g2 0 2H BSORFAE, AR T B8 5200 3 SRR AN TG A% TOT A8 35 1E ik [K] 22 R P AN SR PR

AR L2 5 (34].
5. TCR HEEMIF#E EMs I M ES AP
5.1. EAE

454 EMs 1l PR BLRFAEFT TCR WP IEEARBE J7, I LA Al ke i e © & ifiifim b s
Yt W BRI W H LR IEAN AT A0 E A 2R R (o i 7% 2 F: O A P . AR ),
A REFT R SN 52, BE T AMIEON I 51 R R e e B 1 (35]: @ SAnm kb A A IR AERE
AR IE M ST 2 P BRI BN, ATRERIET DU, 5 R AL T bR 1 3 S A N
X EMs B SR e . BURE B &M M-S IR R TCR FE, A B %0 BRI
RE TR G E0E J 1 TCR FofE, MM Jyix e il #2 1 BRIk .

A, ASkn @i RS TT, %58 EMs g A1 A g fa i A AR 1 ) TCR 15 2 (A0 RE 2 1
wEFA VIR 2R, 3t ss TCR HEM TS a2 WA, @it 58 TCR sk
P 5 e s 7 B R R (0 35 [ AR B IR 5 5 BT I B N B R AL E 43 AR 1 (revised American Fertility
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Society classification, r-AFS)). J&IFIF 5 BN ZUARZS A, v SR IR0 1 2 I O T 4t v e .
5 TCR W FFAEHUIR 7 T R — 8, l i W B R 2 BRI TT « AR B0 B S iR TT i )
] TCR 2H PEASAGRPF Al ¥ T AL o

5.2. HARBERK

EMs i/t 78RR 5 3 e PR ZEARF AL 1 W SR (RO AS B Al . A0 L 5 - SR HUE R] BETE I e 4 S =) ¥4 S
SNEs MR B A, 2 SRR S BRI R s S A L B 35 R ) e BE A »
EARCA 6 B it . H AT EMs QUSsk = TCR WU Fr BOFRAESRAEIRAZ ARG 2 e bmvfe, Ao X 70
RGBSR “ SOt ro e ” 500 JOE M BE Mg AR R BOR ) “ 55 E ", R aoRm
Bl il X ES G ZALARHR AL EE il RSN DhRERAE(W % iE TCR 2 T 2
T 200, BRI T R 2 AR A0 S 0 AR A8 B AR5 R =2 B, R 2 1) S Ay s ey
[36]o BEAL, TCR MFEA R, X T REEARWT SRS E S, SMYIIUTR R T, BRI .

BEXFX PR, ARRATE #3L EMs % )& ) TCR M7 FrdEAL A (e AL P . 51 M)t ive) . 4
Al EARAZ A HE . TPREL IR AR PUR DI eSS bR R (W1 TCR RN T + JiifiE
AMLRIR), DLRARBD AT Sk tE “Bomtk ke ” 5 S E T MIX IR, FR, BEEN PR
MR By AR B KA AR EAUATE T AR A T i
6. INGE

R TCR AP FAE EMs B L rh i T2 D Be,  (HAEMS T HU I AS 7k T AR B iR O i
B, BGRB8 5 RBOR T RN 2R, 2R 8N EMs A2 Wibs S0 . BURPETE
W 558 K e iRy Ty RO ISR S 4B TR, JuBiR EMs 21 23R8 AL AN B 9 IR 58 S DG B SR 11

e HE
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