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[Abstract] Objective:To explore the immune-related characteristics of non-small cell lung cancer (NSCLC), discover potential
tumor markers in V-J genes, and lay the foundation for establishing a TCR-antigen recognition prediction model. Methods- A total
of 704 NSCLC samples were collected to establish a comprehensive T-cell receptor (TCR) repertoire analysis workflow. The
upstream analysis included steps such as raw data processing, quality control, filtering, TCR sequence identification, and extraction.
The downstream analysis included repertoire clone distribution, clone typing, V-J gene sharing, CDR3 distribution characteristics,
and clone tracking. The sample clone distribution was analyzed by using indices such as Shannon-Weiner index and Chaol index.
Clone typing was performed based on the number of clone amplifications to explore differences among different types. The degree
of V-] gene segment sharing was analyzed, and the sharing of low-frequency clone types was determined through clone
amplification weight analysis of V-J genes by using two samples of papillary thyroid carcinoma. Finally, analysis of the distribution
characteristics of V genes and high-frequency clone type CDR3, and clone tracking analysis were conducted to monitor changes in
tumor immune clone frequencies before and after analysis, aiming to identify potential tumor markers. Results: (D Significant
differences were observed in clone distribution and clone typing among different NSCLC tissues, as well as among different ages
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and genders. @ Specific highly-shared V-J genes were identified in the analysis of V-J gene sharing, and non-normal distribution of

high-clone V genes and amino acid high-frequency clone types were found in the CDR3 distribution analysis. 3 In the analysis of

high-frequency clone type clone tracking, highly expressed or newly expressed high-frequency clone types were observed in

NSCLC, suggesting that these clone types could serve as potential tumor-associated antigens or bind with CDR3 reference

sequences of new antigens. @ It was found that the expression frequency of TRBJ2-5 gene, originally low-expressed, significantly

increased, indicating its potential role as a key low-frequency gene in tumor immune response. Conclusion:The TRAV2! and
TRBV6.5 genes show high clone amplification in NSCLC and could serve as potential tumor biomarkers.
[Key words] T cell receptor (TCR); TCR repertoire; tumor immunity; non-small cell lung cancer (NSCLC)

Ak /N 40 B fili % (non-small cell lung cancer,
NSCLC) J&— Ml UL iy il e IS 8L, 249 o5 v A i 988 g
B 859% . fEid BAJLTAEHL, £FXFNSCLC [
GEBUS TR E R, X HAREILE . 2 IRIT
SRS AN N R A TIRA TR P i T A2 R
(T-cell receptor, TCR) ZHFE43H7T ] LA T fi%# NSCLC %1
925 Ioj 225 R B 8 WA B ARAAIE DA T8 75 T 248 i S b 2
Ph L G R A& Y T A LA R R ke AL B, X TR
SIS RS AN TN R R B R L. TCR
20 FE 4y M T LLEAL ek R 41 40 e T 40 7 e B 19 2 R
P, LR M R G XL R RE T R
BEMEE B SR TG 5 R ARSE B [, il
B FNE AL T AR SRR, PTLL T
il e 98 SR LA R PERR R, i T 40 e R o B
T P AT B R R A I A PR S B AE L kAt
TCR AL 5317 AT ARSI S 2 ¥ 7 AH DG Y T 4t s R
SRR E TCRIFA, LAPR B A AR Y S e iR 7
S 7 0 e G O 3R B TCR T & AT o

FIRI, A 2H PRI P B PT LA e B b AR IR
TCRAHJEZ RS A, DIEdE NSCLC iR 7 &
JiE B G RE R A A5 MR 28 NSCLC 9 £ ZA YT
SRz — 1 Ik S o )3 ok EL KT R A
YA 6] BRI, RS T 40 B X e g i) S s
fit1. ROBERT % """ WF5¢ & # TCR4LJE L FE A AL
AT S e A A s TR A RO . AL, T Az A
T4 T A M (T cell receptor-engineered T cells,
TCR-T) Jrik " Moggedy ™ 45 kg 4 i i F
NSCLC. ZHU%: "™ {506/ N R R TCR SR
FE AN TYIML, If8 (AR Hh S g0 5% 3112 L [N 5
AN 200 R e, TCR-TY PR (L T 3%
Rl ARWFRIETF L T iTCep ™, AT E
PUFIKE TCR &SGR Sk, AR i it et = 2%

HAl, CHFE -SSR FES I TH (W
MiXCR | Imonitor " %), {HBESHM 5 I TCR

http://xuebao.shsmu.edu.cn

2 P I 50 380 U AL P R 3 A L R 8 R T AL 5
PR B T HIAAR RS, S, ARFR A —
B RGN TCR 4 FE 53 B i R LAER 52 I A S REAE A
RAGEAEMIE AR Y, 0w AR R E0E 2 s . o
UE . TCRJF N BB AR BT L We Al oy, DA M
HPE TR . bR . VAR LR | AR
FEIX 3 (CDR3) 434 HRAE DL o [ 3 15 55 R i 40 At
WL, B HH T2 M NSCLC H 3 1 g A AR
T 2o X G 2H PR TR AR R A3, AT LATE 4 b L i
TRERGN TAEIRE, RyEinyr Mgyt & it A
WEE R, W5 S5 U A I F A o T A
FT oA B Al

1 BAESHE

1.1 TCRIJFH 5 Bl i o

M NCBI BioProject # #& /& 4k HU NSCLC
(PRINAS544699) FIHUARBRZL AR (papillary thyroid
carcinoma, PTC; PRINA664708) H ¥ ¥E7< TCR
FPEESE , TR ik K A Y2 R R S 653
G AE . Hoi, NSCLC %4l 4 46 72 6 i & )
220 4™ g DX SR AR | 64 A UG L Fr) A i fili 4 2 A
070 AN H1 L i e A 240 MR A I R S L R T Sk
5 704 A FEA, FE T A A2 1K o B (Tecell
receptor a chain, TRA) FEA 3534, TIMEZIK B 5k
(T-cell receptor B chain, TRB) HEA 3511, PTC %X
PESEALTE 2 6] PTC H IR BEAS TCR I %58l

1.2 W miskpr

{8l SRA Toolkit T-H K5 SRA #% =X J5 4f £ i 5% 1k
h fastq 46 2SO, VR R AR AR UG A SO
FastQC Jl A A, i [ Trimmomatic F2 ¢ 2= [k
G, ARBTRPA . PRI A e, X A i
A7 2 D LA v S 1) v

i SRR (B0 2023, 43(12) (@)



1522 | EmscmAssm (L)

1.3 JPAI et

LT MIXCR 43 Wi i B2 2647 TCR T 91 Lb T ]
species 215 & W)Fh A homo sapiens, 1 H receptor type
SR EBHRZEALN TCR, B35 4d)s 5 MiXCR
WEZ% V., D, JHICER R B kAT Xt

1.4 p g5 R TR

RITE AT, RTECR AR TR RS, O
i cloneCount (clone¥4#t) . cloneFraction (clone Lt
#1) . allVAlignments (VIXFEK X)) | allDAlignments
(D X FER LX) | allJAlignments  (J X 5 A FLXT ) |
nSeqCDR3 (CDR3 X #% 11 2 J¥ 41| ) . aaSeqCDR3
(CDR3 X &ML 75 ) . refPoints (541 HL Xt 2% i
B A

1.5 sdBE gy Mo B vé B 0 0 B

fiiFH Shannon-Wiener#5% . Chaol #5%k1) & Pielou
WIS TCRAAFE R W 20 (diversity) . £ 5
J# (richness) 5rafEM: (clonality) .

a9 21 I3 ) Z2 B f FH Shannon-Wiener #5451
HEATPPAL , 324 HIUR: S o g5 4 e 22 B 1 1) 8 L
Pro THEARXIT

Diversity = - 2 ( PilogzP,.)O

Hrp, sFRYMEE, P, FZmZYFAEE S B4
A LB
G g A1 1 3 & B Chaol 45 % 2 1H5E.
Chaol f58UE + & E WAES RO ftiit =, 58 Pk
W e VA R, AR B S e S 3 20 12 e 7Y
FEE. HHEAKXWT:
n,(n, - 1)

. _ N )
Richness = S, 72(’12 )

Hrr, S, FRRFEARPMER M FLEREH, n,FR
HAE &P REERIELH (single tons), n, 3R H
2575w H  (double tons) .

S PER 10— H A AR R SO S e sz 44, B
T3 [R)— R ) SR e A . 5 A P 2 o W B 2 2 e
(e e ALY SRR A A, AT TPl e R g Y
Ve RAE T A ORI B 9% A I 2 AR L s R T
Pielou ¥ 51 BEHE A P THEL

S

- z( P,log, Pl.)

o1 _ _i=1
Clonality = 1 log, s

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2023,43(12)

Hrr, P RIIZYIFIARE S SRS L

R AT SR LT o A R AR AN TR A 1 ) 1) Rk 25
St BEME L S RSN L SUR R S RE Y B H oy
R L m O REARL, SOREYTHECE XE g 1~
100, 101~1 000 F11 001 K& LA I BbAh, Ko #rAs[H
AR T e 20 PR SR AT AT (RS2, R AR F AR S AT
L, Hohed Z XU AR (mid), 65~79% K
A (old), 80% MUL b Amt# A4 (eldest).

S A3 A0 RN S R A3 B A Al ok RIE S (4.2.0 i)
TR, RIR S AR 3 A o LA A B R T R 6
P<0.05 7R 22 5 A Gt 5 . fii H ggsignif f1
(0.6.4 1) X} PAHBEAT A JR(E 4, P>0.05 %IR8 2 57
AW, P<0.05F£REFEE, P<0.01 FnERE
W, P<0.001 %R 25 Ak B E . ] ggplot2 £
(342 0) #HATEIRE AT AL

1.6 V-3 JEPTIE Sk 5y By

V-J LR LRIV | TR T R S AR, W]
TRV THE ] DG X AR AR [ 4 2] 2%
K25 SRR o ASHHE 5T 5 B P, =0.001 Ay 451 % 5] 1B XiF
V-J B E AR S RO AT e, A RIBES (4.2.0
W) SEATECE AL, IR H] circlize U (0.4.15 ki) i
Tk o FE31H0 V-I e 2 bE R, — TR % IR T
B4 B AT R M 52 . AR5 R0 5% v Rg (VA3 o e
RUXT V-J R RS2 s, SR & O BT B AR (1)
V-J 3L S e . O YR AR AT AR R SR
il FH e R o RV M s B BB H DA R BR e R AL
TSR, AE -l sz AR A v 28 28 F A8 A AREAE

1.7 CDR3 4 fis 5§ 4iE 53 Bt

IEHAEOT, HURGREALE S TR £ 5
VeI, L CDR3 2B M & T . BRIRET,
TP MRS, 2 SO — A T 4R 4y
Pat, M5 CDR3 /3 i FRAE 1948 k. Bk, ARHF
FEA8 FH VDJtools X% 4t 9 21 J f TCR ] 22 X FE A V )
B A BT s B R B A AT M, DAY v e L g
B3 5NSCLC &

1.8 silEiBER

[ TE B 3 M DA A ) S B 2 I v e A R Y
SERERY, JfXS P A S U A TR R R, AT T
IR S e o v SE RE TR A AR . e, DASR R

Vol.43 No.12 Dec. 2023



T TCR 41 A BT NI i 4b7 | 1523

AR5

BAT IR B EE MR 7 S A 24, P T R AR v b
U], f H immunarch £ (0.67 i) XF 5G4 7
BB oA, R0 geplot2 1 (3.4.2 ) #E47 804k
AT

2 ER

SEBE Iy fin 15 e B 5 Y

NI 2H [8] Shannon-Wiener 455 80 76 I 3 25 5+,
LR A i T A SR A1 2L, MR A2
TS (K1A), #2785 NSCLC Al g S8 &
TCR 41 ZFEVEREAG . F 5 B 1, A& 855 T
gl i 52 4140, PR A 2 e 3 T s g (|
IB), S8R5 ZFM G, $#25 NSCLC [ 4
SEURE MR S s HAUE w RIS, AR I 5
W S o T S L SURI R A 4L, T 55 4 U

2.1

WAL TR ELR (F10), RN FOEs7 AL
TEREY AR AR, NSCLC A] AE 1 i &M & i 3
G PiE S

ASTRIAE #4732 KoM 5 TCR 41 P8 i 3 55 B 7E TRA
FTRB HOWZ B AL S5 R . Mg, A
FEERESTEE4 (KI1D), #RPEARSE
AENFEAI L, H TCR 41 7 H A T3 04 e e 588 70 o
UEAh, ot a BEAE AN E AN bR 2 4 i e T
P (EE), $Em 2ot BAT S5 i e G2 v i .

e RIS R R RERE S R, 3
G255 syl AN E I W T 5
Ll e A = N 0 I L S N R = e o= |
Eg g2 (18 1F) . iz 45 R 48718 NSCLC ] fE 5| i
AR AR TR, S I P A OGS T A
TRE, DT B 4 Jm P G2 N

A B ¢
- @ — 2
= 7
2 . — s ®
E e 1.5%10 075~ +—
% a4l .
O 4x10° - N - .- s
=] . =i s_ )
2 : 2 1.0x10 2050 -
5 g N
2 A = . 5
2207 § 5x10° - L £ 025+
3 .
g O_ﬁ i it 0
g PB NT T
D E F
PB|[ NT|[ T BN T 1207
1.5x10° | o — — .
_ .. 2 Age group g : Gender < 90
g . g a0 E
8 1.0x10°[ .- &3 Eldest 2 ’ s Female £ 60
~ . .. . = g I
= & Old 2 el B3 Male S
E Lk B3 Mid £ 5x10 e
S 5x10* i e - =
ki sl : :
0 |! > Lot 0= 0 S
\’\Q

Clonal amplification number

Note: A. Shannon-Weiner index of sample TCR chain tumor, peripheral blood and paraneoplastic tissue. B. Abundance of TCRB chain among different
tissues. C. Clonality of TCRB chain among different tissues. D. Difference in abundance of TCRPB chain among different age groups in different tissues,

respectively. E. Differences in the abundance of TCR chains in different tissues by gender. F. Proportion of different tissues of TCR chains in different clonal

typing. T—tumor; PB—peripheral blood; NT—normaol tissue (paraneoplastic tissue). “P<0.05, 2P< 0.01, ®P<0.001.

1 NSCLCRENTREES BT
Fig1 NSCLC clonal distribution and clonal proportion analysis

2.2 V-JBEPI Rk

FERIE V-IBEREAN R SR Tk 25 5, ik
4 15 NSCLC i % W )7 $ 4 53 Bt H: TCRo 5 F0 B 5 |
V. TR EE SR, UIRR V., JTREE LSS
HIFZIR . 4558 WoR BOE VRS U AEAE TRAV21 Al
TRAJ53 H: N JE 3L =2 (& 2A) , A1 il v 47 7E

http://xuebao.shsmu.edu.cn

TRBV6-5 F1 TRBJ2-6 = £ 352 (KI2B) . [AAF, 7Ei&
FH 24N E L & P TRAV38-2DVS ., TRAVI3-2 H:H 5
TRAJ42 LRy AL =2 (B 2C) . 453 4ER ik
= i VAT N AT fE X NSCLC H At [ 30 45 1
. Ho% R 45 AT B8 A7 A 22k DG B DY Y B [
YEM .

|- A Kl (BE2E M) , 2023, 43(12) @



2023,43(12)

1524 | rimssmA2em (Exm)

TRAVI4DY 4
R4 Vio

0 TRAVIZ-2

I
—1

ny1-3

= ThEis
-
TR

RBY -5

Trap,

Note: A. V-J gene sharing in paraneoplastic tissue with the degree of sharing of linkage thickness response of patient 1. B. V-J gene sharing in peripheral blood

of patient 1. C. V-J gene sharing in peripheral blood of patient 2.
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Note: A. CDR3 distribution characteristics of tumor 7TR4 V gene of patient 1. B. CDR3 distribution characteristics of tumor TR4 V gene of patient 2. C.CDR3
distribution characteristics of tumor 7RB V gene of patient 2. D. CDR3 distribution characteristics of peripheral blood TRB V gene of patient 1. E. Distribution
characteristics of high-frequency clonotype CDR3 in peripheral blood of patient 1.
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Fig 3 Distribution characteristics of TR4 and TRB V gene and high frequency clonotype CDR3 in NSCLC patients
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Note: A.Dynamics of the top ten clonotypes with the highest degree of amplification in the TCRa chain among different tissues. B. Dynamics of the top
twelve clonotypes with the highest degree of amplification in the TCR chain among different tissues.
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Fig4 High-frequency clonotype clone tracking in NSCLC patients
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Fig 5 Comparison of clonal amplification and clonotype gene sharing in PTC
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