A ERR 22 (A AR h0) 5543 55 6 1
- 864 - Journal of Nanjing Medical University (Natural Sciences ) 20234F6 H

EA AR RNA U B B AR 7 3 /N2 A At 2 A 33 o Y Rz

RER, W AR B
P A RS [ A TR AR By U F R S0 = R B 2 B B R TR Rt 211166

[ Z] iR S N IET R i s W EEE , FErh DLE/ NS (non-small cell lung cancer, NSCLC)fie A% L. L CAR-T
HMLIAYT S A A s BELT A AR 0 e SR8 YT, R s e e itay 7 WE I AU A BV R, 1Ly T e S i 30 Tl MR 45
i R S L R e = DA R 24P S R DR SR (1 B, LI TR 7 ASCRATI AN IR , i 5 P 9 Tt i A D8 14 23 5 s RN 401 AL
il o HZH i RNA I 7 (single-cell RNA sequencing, scRNA-seq ) AR & 75 540 7K P o] 4 S 2 04T i e o 00 e 1) — 0BT B R
AJ LA B 20 PN 1 DR 3 SRR 0, AT T A A A T REFIDIR S o FIFHIZ B ARAT BRVR AT M Il 119 % A 2 AL, 22 0T
Ry A 2 VAN 8 T T TR e =X 1014 11 e =20 W < L0 [ L P o O 2 - R4 e 0 M N @
scRNA-seq 7£ NSCLC " () i AR ST il S i EA T2R3R

[RER] A RNA T ; /N 5 55 B s i 24

[RESES] R7342 [XEfREB] A [XEHS] 1007-4368(2023)06-864-07
doi: 10.7655/NYDXBNS20230618

Applications of single cell RNA sequencing technology in the study of non-small cell lung
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[Abstract] Lung cancer,of which non-small cell lung cancer(NSCLC) is the most common , has the highest mortality rate worldwide.
Tumor immunotherapy , represented by CAR-T cell therapy and immune checkpoint blocking, has become a frontier hot spot in the field
of cancer research. However, due to the tumor immunosuppressive microenvironment, the lack of tumor specific antigen and drug
resistance , the therapeutic effect is still not ideal , and it’ s urgent to explore new molecular targets and related molecular mechanisms.
Single-cell RNA sequencing (scRNA-seg) is a new technology for high-throughput sequencing of transcriptome at the single-cell level ,
which can study gene expression in a single cell to understand the function and state of the cell. Using this technology , it is expected to
find new targets for the cancer treatment and further understand the mechanism of tumor occurrence and development. This review
summarizs the application and research progress of scRNA-seq in NSCLC.

[Key words] single-cell RNA seguencing; non-small cell lung cancer; heterogeneity; drug resistance

[J Nanjing Med Univ,2023,43(06) : 864-870 ]

i R AU T e (PR, BRAE 29 160 0 N fRERAEMENE . A EdR gt s & %

FeF A MR B W H B AR O 57.26/10 J7 JRFERER 45.87/10 J7 ., filidE e B

PRSI AT 53 o0 5 25« /)N 40 6 1t 98 I /)N 200 J it 9

[(E4TH] E5HRREHS (82073389) (non-small cell lung cancer, NSCLC) , H:H' NSCLC J&
il {2 /£ % (Corresponding author) , E-mail: fengzhenqing@njmu. WY T2 BRI AY A0 45 6 | g F1OR AR

edu.cn TEIE 2 104FE Y, ey ik i) I Dl Kl 28 1 i



43 EF oW
202346 A

SREERE , [HABEE , ISR, PR RNA I3 AR A IR /NH I B i o8 s f s T ].
P ERICEE AR (A ARBR2A AR ) ,2023,43(6) : 864-870 - 865

T U BIFTE FINR T RS SRy, LA SR e A s BELIK Ay
PRI A WA R R ROV o Akt
AR P PEAI I AE T 32 44K 1 (programmed cell death 1,
PD1)/F2 ¥ 4 41 B 58 T- BE A& 1 (programmed cell
death ligand 1, PD-L1) [ 5 % 6 A s B W7 551 (im-
mune checkpoint blockade, ICB) 7£ 15 J7 2 Fi 28 #I \
e bR O IO T B R R IR Y AL, 2 Rt
PD-1/PD-L1 HT A2 4 B9 5 [ £ i 24 i i B B
Jaj (food and drug administration, FDA ) ft i H T
NSCLC & # 1) —&iay7 7. REAEKH 72 1&
(epidermal growth factor receptor, EGFR) i ) 52 58
s DL K 8] A8 P 3k EL 98 33 (anaplastic lymphoma
kinase , ALK) il &1 & B, .45 NSCLC B3 TR THF
kT RFAMT BIREEIENRYT S TR NSCLC
BE IR UG  HH 5 A AF R8T 20%, X
T R PR 5% 7% 4 il 9 A B ) 25 0T RO
R VHUR AR, B 25 PERR I 1 5 26 25 Wy 1 i PRAA
SPRCRM S R, SRR BT i 2 R TR
NSCLC FYTE 5L T 02 5 R i S e 107
AR AAFIUE B OCHEEL,

' 240 i RNA I JF (single-cell RNA
sequencing , scRNA-seq) B Ge 1T Hr ek 28 7 AR
TR AR SR 7 20 AR AR I 7E— D sh B FR B
5 R BEIPRSEAR B AR EE R . R o A
(principal component analysis, PCA ) A] LLH 51 2 F1F1
AR AR 5 72 —HEHO I — AL R R IATE )
TEAT 20 )23 VR R 5 L BP0 SR R R R A A D 2
I S e B DR AT T 2, O 25 B A M UL T O3
B, AT AT DLAE — 4 s ] SR 2R B P Rk 5 R .
scRNA-seq B GET i A 34075 10), 733l 2 i 2
TR S TR R 9 47 0 4% L2 B 200 2 Uk 45 ) i T
Mo LK, scRNA-seq £ R E B 12 N H T Z Fh
JERRE 0 LR R DL I, A 45 B IR R R
NSCLC"™ ™' T4 M de ' FEC A0 ML 45 B
R | B NS R N € ) e T eSS L B
St P 5 A B T R SR SRR A ) ) S e At A
HE D SR S A L) S MR A DA i
W2 s S T BRSP4 XU A S m] 9
PERI AR E™ . A SCKE scRNA-seq 7E NSLCL H )
WA e A T 250

1 #B7RNSCLC {IrE

Jifr 983 1 #5 5% (tumor microenvironment, TME ) F&

T 240 -5 ] R 2EL 410 35 S A AR A PR i) —

MNEIRMNEEE RS, Mg AIMLS TME N 5 57 40 i
R EL A FHA S Wi g 1) A= 38 52 i g 1) 42
ZERTE = g A ik = 35— 3 — 20 8L
it e X HE AT P RE IR o seRNA-seg ] LAIAT 2R
SRR TVE P 4 A4 728 A FHRR 5 21 28 1) 448 e ST
E L NITAT B TGS MR G P RCR AT e T T o

AIFFE N 5250 ) N5 DB 57 (copy number vari-
ation, CNV) F1 FE K % 3K 3 (gene expression profile,
GEP) 1 A~ 4k Ji fif Ht NSCLC 1 5 J5i ¥ , 415 Jil it o
(lung adencocarcinoma , LUAD ) £ 3 Fil i 5 1 21 g Jea
(lung squamous cell carcinome, LUSC) f& & 43 i,
LUADm (i 98 A 2€ 75 )  LUADn ( fIi 48 JE 975 ) il
LUSCn (85 J0 58728 ) 3 4 BEAT 70t , AL BLLUSC i
14 i A R E R AR S AT IR TE I T 2 e et 2K
$&7 LUSC fo 8 40 5 STV i T LUAD s LA M e 2
MIAEREAS Y 22 S AR K, LUAD FEAR B s s 2
RAUERIAEL, TANMILF 5 50% . BRILZ A NSCLC
) 5 SO M AR BT b e 200, il b e 240 i SR 2 0
Hri& 7= 7 WA R 180 fidi 36 1= B2 240 il (alveolar
type 2 cell , AT2) 7% , Horr  AHEG AT2-2 2010, AT2-1 2
Jiil 25 35 CEACAM6 (KITLG . FOXC1 45418 14 41 it 3
FEIERL AL N, s ) eI R . H9EIE
7R 1 s S ot g v P A ) A DG, 4
Jif 2 RSCFT i 8 ST R 14 G356 7 A B e PR A i A
LUSC "Y1 e i B s, HLAR B — 2 i B RE
il 41 g (myeloid derived suppressor cell, MDSC) 4}
fiE, ik N ZIE R 20 (polymorphonu-
clear MDSC, PMN-MDSC) #4579 LOX-1, B T
i Ie dE ] AL 20 L D BE Y ARV RN A T

qu 9?-@_’ *H?é EF‘ ‘I‘i*j éﬂﬂ H@ (tumor—associated neutro-
phil, TAN) (3 11 5 NSCLC A B it J RN 1515 AN R
A RIX — IR TE HAB I 50 h AR B SE , IR 42
71N P PR 20 T T A2 I N TR S Sl AL R . T
FENGUR L T — T 5 PR 7~ Sox2 ek 38171 e 410
il A F Lkb1 2525 9 NSCLC /)y BB RS (SL/NER) L 4%
5 7E SL/INEUT R Nkx2- 1 # 2E SNL/NRL, % BRLAE
SNL/INRNFEIS TAN R] s/ DRtk AR 19 A A=, X 3
B TAN 5 IR A0 IR 10 & A= 2 ARG BRTEBF
ST YERLAN R 2 i P S P R X A P R
iR SR P RCRANUF RS 80 , PR AR ke
VIR S Jo F R  Ja S R T 5 B 22 S ) O
RIZ

Lambrechts 55 | F scRNA-seq % 1E T NSCLC
B0 A B 2 ] A R AR R AR ] 22 5, I 06T P 1 44



- 866 * [ S N

4355 6
20234F6 A

i BT 24 240 it 2 A A B BRI R A AT T
TEANRIBIESY . 8 A XF LI R 55 41 21, K R 9
2 0 0 S 2 AR A 92 A i ) B AH DGR (i
CCL2 .CCL18 . ICAM 1) %% T, 78 By I8 s ihes Sy
i 52 5 i L0 2L AR AR 57 T 0 AH U AT 4k 4 2k
R, 3R URE 1 e T AR 11 A0 M A 35 5 43 (A
COL1A1 Fl1 COL4AL) , i — 20 %) B 2T 4 40 il 34 7 1)
REA T , AL R 2h 5 5 s i A8 A i RTILAE B
A D& FE B (40 MEG2C . MYHI11 ,ITGA7) , #87R T
TME PN BCET 4 4 M %) D) e S 1k

—SLRFSE R TME A G e 4 g S 1Y %% 3 Al
7 B AR B IE R L A OAE . Sharma 857
SHT T LUAD & 55 2H SURE #0100 H AN [R) 6 338 200
J3E 2R B A, O BRI LA S A S 2R A s
YA, 3k LG e AN 5 T B S AN R
TR A A IR E AT R AR AT, T NK 2
05 H B B R BRI A, B WIEE) 5 CX3CL1 #4
AR F A OC A S E AR R . Xk A 14 ik
FAZIRIT BINSCLC A 19 12 346 /> T A A 71K
i scRNA-seq, #E— 207~ 1 T 20 7 il 98 v g A2
1k, &I T R Rk CD8” T 4 M 28 v 2
HbIAHE T AT RBANFE B ARSI CD8Y T4
UAERE , HL 55 e 1Js A G , v B FE R T 4R M R T
HR WA L X TCB 30 H it 25 it Wik v
T 298 L 0] -5 A e 1 YL I A G 5 B 5 3 L 38 i g )]
TME T 40 M (Treg) A 5 B3 M, HREAEAE T TN-
FRSF9 B 5347, IL1R2 2 35 B L 1 JI 93 Treg ¥
15 NSCLC [T J5 AN R AHIE™ 3k e 58 PR AN 4
T TME /N 40 B 19 28 4k % B Tk — 25 T i
NSCLC H1 TME P9 4 i (1) D REARAS AN 5J) g 2 , B 4
SEE R A IR TR YT

2 EMFAHINSCLCHEEEES@EE

NSCLC 19 % A & JE AL 1 A B , scRNA-seq
AT DS AR e e A R s R v R DGR E
1) 5 B RIE 5d B%, SH0 maT 25 ik 1
HEHBSARHE . EGFR K 2878 & NSCLC fie i LI 58
ARFEIN K H R 1K 51.33% %, EGFR % RR I B
il 31 (EGFR-tyrosine kinase inhibitor, EGFR-TKI) /&
EGFR 582 1 ] NSCLC RYAREIR YT 259, SR M i T
EGFR 272 (1) W ) NSCLC HA v FE 5 Btk 1A A7
TEVRPEE A DL L py 5848 | n] 3l ik 22 8 43 - HIL I 2
T 245 R 2 B o A A, R BRI R T SR AN
o 5T G X AR RIASAETE EGFR 8748

;iR o i B e~ P EAE R T AN 2 G b
HBE MR Bl = T EGFR 28, SRk —
ST FHAF EGFR H il 570 s () i 42, A48 Wnw/B-
catenin {5 51 [ 2O R 20 it JE] 3196 ) CDK4 . CDK6
2752 FE NSCLC HY, Wnt/B-catenin {553 B§ 5
iR & A R A 00 I ) B AE A G TRLE , Winw/B-
catenin i % 0] BEAE R lidea G REVR TT WO R A R
WZAh 98N 51X 53 514 A EGFR  KRAS Fil 24>
U 9K 3h 28 A48 1 3 491) NSCLC 8 3 il Jd R A k17
scRNA-seq, &4 EGFR 5878 £ 4 96 40 M 7% 1)
fIE S NPC2 1% [fi 3 P4 77 3 A (SFTPB . SFTPC . SFT-
PD) = 2R35 5 HUBUET 44 M55 A, 2 5] £8 25 1) 2T 4
AR LG, A R e AR/ N 285 (small
leucine rich proteoglycan, SLRP) 52 i Fll 22 28 iR #5 I
JEEH 31 77 (serpin F1) B9 8 53, 3 HH 33 26 1% 21 24 21 ity
AT BB A FOE Wit {5 5l iS5 NS 5 AT2 41
R HE AR AN G R , oA NSCLC B3R T #2488 18Ry
W T5 1]

EEF ﬁg *ﬁ jﬁ E uﬁ'i éEH H@ (tumor - associated macro-
phage, TAM)7E NSCLC i i H BAG H 2], scRNA-
seq & BRAE M2 FE TAM 1 mincle 3 K R 4235 5 i
mincle JE K 2 J5 FT WL Z2 2 M1 HE TAM (7 [b &) 25 38
T 35k 455 F% mincle 3 BT ER 10 1B SR U5 ) 15 058 240
it R 2 B AR R R DS A S TAM
mincle 3£ K A { k) NSCLC VAT TS AR 4> T HE 457,
Sinjab PSR LUAD scRNA-seq FEAR AT HAE
ST B R M e R A s CD24 5 E
W2 A A9 SIGLEC10 LA R IR 4R AL ) HAVCR2 22
() PR A AR I3 0, 3 — 255347 CD24 B 1A, e IH:
T L5 il 220 il A SHL 78 Je A0 1 A R0 il e g
FEIR WG N, H 5 A2 Mo I8 G g5 410 i AH OC 5
(40 TIGIT ,CTLA4 . FOXP3) [ 335 S 1IEAH &, -S54
Fis S 5 AR i 4 (A GZMB . GZMH . PRF1) i) ik 5
FURASE ; CRISPR FARRR CD24 5 ] CD24 H it
5 /N LUAD 2R AE Kl S 25 ], PRIt CD24
AT LUAD S8 ity 7 i — i o4 e

3 AFNSCLCRAFEHR

B2 0 5 54058 A QO L 45 5 145 20 i AR
i, L SR RS R RS A A A
BT A B S8 MR I3 iR A R M 2 i
AR AN T SR AE IR T IR , 33k 26 40 i 1)
AR ST R ] g B T 2 A% , 3 O se B 5 3
Az 3B R T A e 2R O e R B



43 EF oW
202346 A

SREERE , [HABEE , ISR, PR RNA I3 AR A IR /NH I B i o8 s f s T ].
P ERICEE AR (A ARBR2A AR ) ,2023,43(6) : 864-870 - 867 -

LR I NSCLC /& 42 1 FR o A A7 3 1 Gk, H
T ¥ G P 174 XY A 0 8 A FH F 7 NSCLC 11912
W, 5T G365 46 LI NSCLC 22 2 B 2l ZUREAS ik
17 scRNA-seq, & PR B4 CEI A [ 4 A 2 A v ™
1Z VR o M R A0 M 5 A R A R Y
SEIEDR, A PRy 40 T R A B R R B AR TR A
FEHHICIRAE . X RIAT B 9 Fh_L iz 40w o) it
00T, B BLAS IE % b R 4R EE , Figs 20 it v
T = ER A IR BE R R W R A B AN N
N IR G A5 22 A5 A QI B 1 & 2B S AR f, Jerp
YT =R R T 8 A A 6 3 PR A R A 9 R
H I Z PR R A R A T 9ORMAR I,
A5 3 P It ks i P MBS ol i T VL A0 1
Hah =g 7 R 30 i R A Y 48 B X n] e AR
NSCLC &35 3k g T W2 W, F M4 5 NSCLC 2
MYLEAERE

D& I 240 M9 (circulating tumor cell, CTC) AJ F
S SIZ T W I bR B A PPAR R T RO, SEBURS HEA
IGIT . O 2 (hexokinase 2, HK2) 1 Jy—4>
55 988 Warburg R0 % VI AH OC Bl , w1 FH 4G 000 1
VO AR TR AT P O R A, X — AR S
15 WLBR B (creatine kinase , CK) A4S T S 12
F+I/IV ] NSCLC #8325 A1 A 1fi h CTC A 2%,
R R FE T br B YRS & 8L NSCLC g g )
ZATAE B Z BB 206 1) CK B CTC. scRNA-seq
F2H CK [ CTC 5 CK FHYE CTC A A [ 1Y 42 L [
25 DR Sei% 48R e AT T A AR R R IR

WA FHE T — DT RICT M B
it T AR TR [ SPIPA T TS AR P fE . B
TR SV 55 AL 2 M) Y 25 55504, 3RS 6 497 4
7= SR IR (differentially expressed gene, DEG) ,
JF ¥ X 2 DEG 5 NCBI F1 KEGG 3448 2+ 1 164 4>
BRAET AH I 35 PRI 178 e ] 35k PRI i O A BE 4R FE T AH
FFEA SR 18 1 P 2 COX A3 HT i ik H 283 /i
VEARIERIET A OCIE N, I e 1 21 NS E T
J& BB AOCIAFET A CEEA , F 1005 AU A5 7Y
HEEST . Hed5 st ROC AT . PCA AT S8 50 iE
TiZA AL ELAG AT EE 7, T DL X 50
& M e A BE, HL5 1005 A1 G 1 32 ] (4 CAVIL,
CDC25C .CHEK2 . DKK1.E2E7) A] /£ y NSCLC %
SR TR ST Y TS FERR

4 $BRNSCLC THZE 9 FHLE
1CB )t BRH NSCLC PR YT TR M 4% 1] Lk PR 2l

A5 | A ER AVA YT , W EGFR-TKI B3 %5 J& F1 . g
FH Je LA B ALK 0] 590 By 1) 5 e | o e B e 1 At
FH A I RIA YRR 8 T B s . [FIRY
e i 225 1) s B B R I R Y T I 1) i Rk
A5, BT IR T SR W 2 W e R AR AR R T
oK v AR 2

Aissa ZEPHEMF T NSCLC H & X% TKI P2 Az it 25
At R e IR B 1) 250367 Z 05 I 40 A i
JH DR R 3k 0 R TN AH L J B 34 % AR T AR AN TR 2
TFBA M THEEN , i MAPK 6405 , CALD1
CCDC80.TPM1.TACSTD2 1K 58 ik % | Bk 25 33
2575 T i 245 LS T 38 1 5 R] B AE AR ) NSCLC
Ui 2R TP AR B BT I T B NF-kB A1 MAPK i
S R SO T 22 200 i P i |, B AR A [] il 98 4 R
e LI 24 25 PR A A — o I 3 e R Grad n LA
T A BRG] 25490 0T e A T PR AR 2 1 20 e A7
T AL T Ofe ek 2 Jieb 928 240 LA P T 24 M BRI 2 81
Kashima 45> 38 15 X6} fili 88 2H 2R REAS Bl EGFR-TKI it
24 20 i #5  BY) scRNA -seq 6 T, % BB AURKA |
VIM 1 AXL 45 2 HIT 25 3£ Z 4, CD74 7E EGFR-
TKITi 25 rhtis & 4% 7 HEAE R, L B R 25 2 4
i 25 PE PR AR IR T 9T I & L TME
F4) 1 40 A 7 =1 8 240 2 3 1) 26 2 R R T
7% EGFR-TKI i 25, #2715 TME [ 21 Jifd 5 i 40 it 1
MHEAE W R E RN EERERZ —

JiL%f1 (CDDP) 1 3% 5 th %€ (PEM) BX & 1L 97 2
LUAD i EZHRIT T 22— SR 25 Wbt i e
e K BR il T HAR TP RO . RS R B miR -
6077 & LUAD " CDDP/PEM Hi4: i) SR BR 5l [H %%
X14552 CDDP/PEM BX G367 1) LUAD R HE AT
scRNA -seq, & #l CDDP/PEM 1] 1755 cdkn1 il keap1
9, S IE I miR-6077 7] LU i cdknla-cdk1 4y
S0 i 3034550 A keap1-nrf2-slc7al 1/nqol 748k
FET, P47 LUAD 4iiffd 6252 CDDP/PEM 175 5 1) 44 it
HET, T AEAR S FIMA DY 20 LUAD 41 i 25, 33X
— RIA TR LUAD (M 25 AL T — A8 i6yT
Mg

5 FFNSCLC TG54 th SR TS

NSCLC 35 1 A= A7 T 1] 82 2B 5 AR g
T fe 2B, P T IR 0 S B R B TR
TR DA A — R MEE . WF9E A BB 18 5] LUAD
BE ML g 55 A SUR MR RE AR HE1T scRNA-
seq, BIF5T 2 B 1303 Ay st vl AR A5 T 200 A 1 NK 4 g



- 868 - [ S N

4355 6
20234F6 A

A B R T 4R AE TME H i Eb 9 B8 7, NK 2
JEL ) LE G0 5 2 ARG, B n AN RS o A ST
T RIBIRIBYT LUAD 1) 5002 20 B 13 | 483 75 76 540
578 TR R % PPARY"CD64"CD 14" PPARY'IL-6" i I
it CD 1 PEE B A  NK 20 RU0R B B BH 5%
T, 33X SO A [l A A T e iR e v, S i
WG 4155, PPARY"CD64"CD14" PPARY'IL-6" [ I
1 1t R0 40 e AT T B P 550 200 B e vk D 1 R
AR AR A

Maynard 55 S B 1§ 0] 2593697 11 AT L
o b e o A L BE R A 3 R LUAD A AR i A7
scRNA-seq, B B0 0r T T A FEAR AR5 BA A7
WZ R OC R, RIS FAR e 5 B A AR
Koo HE—IPWFGT KB 3 AL REA AN A AE 1 3L [ ARAE
2 TR 240 it 3R TR A2 UK I PR VR RS 5 DR R 2
BORIRES A5 3 WA EGFR % , %4 K A5 5 2 4k
FRA0 MR SIS TR R 3K B0 R 2R, B 5 IR R YT 1 4
AR A E R R A A A TR AT, R
TRUAFTE 3 FPRRIR I 40 B, S92t i 38 8 KPR
TR % 1 e 4 L TDO 1 . e 4 L 1 7 2 35 40
HIREEH (GIB2 .GIB3 .GIBS) Y il zd 4 i, ik 3 P4t
JRLRE 9 R IR 28 5 2 22 (A 0L A DG o e 42 o T 241
SIS R, 56T AT AR R A Y 22
S 0 2 LR A R R R I AT S A DGR I, L
T Z AL SRR PR TS AT Sl AR L,
FE bR 45 i DT ZE 1) AT2 & B NKX2- 1 ¢ Sk e 3%
IR XA AT DAE M s TS B n i g

ikt XL 0 A5 25 T A Sy T £ 2 S Y T
Ho W5 N seRNA -seq K6 5 R 36 3% 30k 7
2 R T i XS TS 7Y | e SR S e IR
P53 5538 [ F1 Treg 210 B A% J0TG 2 0 22 9 1AL
BEAb, AR Y A 5L A T G RE VR T R I DR o
A — BB N D138 i scRNA-seq #4858 IR 41 i1
PEFREO T A SR N 5 B TR 0GR, KR
WA TR B T A2, BT 8% 5 g
SR IEA G, SN, B R BIF %2 T CCNA2,
CCNB1.FENI,SPAG5 %5 15 /4~ TP AH G 3 A, Hod
385 M L 2N A D 1) S RE A MR A G, X 4
LR B B TR A8 bR FIR T RS T 1

6 /INEMRE

scRNA-seq M\ A= 1 17 20 ) S A D) B 57 H
240 ML 0 A4 3 S BT B2 2% 1 TME , 45 A4 F 9 4
HET RS . scRNA-seq AT LUK A #8958 S

PEFNTME PN 35 W AE D015 8., & 0T 4 i A G 5k
DRI 530 %, DTG 5 B AR 9T N B T TR M T i
it 88 4 2 A 2 R RG24 B O A AR W 2E BIL
A Bh T8 Tl PR L% il i 2 W B 1] R T
Y70 I 5 TS A o SR e 38 2 X NSCLC B 241 ifd
Bl IR ASZYE , AT AR R T L2087 (3R J7 0 45 LA
RT7 BN AR A B SR AR A 2 R
1, Ay A Y 5 2 0 ek R A R A W T R T e
HAA Bl F 5T BA B 32 854 RN IE 25 27 T 35 1Y)
ANWTFL B, scRNA-seq DK A i RS IR T 3T 9F
B

EEdd

[1] GANDHI L, RODRIGUEZ-ABREU D, GADGEEL S, et

al. Pembrolizumab plus chemotherapy in metastatic non-
small-cell lung cancer[J]. N Engl ] Med,2018,378(22):
2078-2092

[2] SIEGEL R L,MILLER K D, JEMAL A. Cancer statistics,
2019[J]. CA A Cancer J Clin,2019,69(1) :7-34

[3] CAO M M, CHEN W Q. Epidemiology of lung cancer in
Chinal J]. Thorac Cancer,2019,10(1):3-7

[4] TOPALIAN S L,TAUBE J M,ANDERS R A, et al. Mecha-
nism - driven biomarkers to guide immune checkpoint
blockade in cancer therapy[J]. Nat Rev Cancer, 2016, 16
(5):275-287

[5] RIBAS A, WOLCHOK J D. Cancer immunotherapy using
checkpoint blockade [J]. Science, 2018, 359 (6382) :
13501355

(6] FEXH, KR, EHIE. PD-1/PD-L1 ek s ]
FRAE it Je e R AT 5 vh 0 2 JE [0 . 1 sl BE R OR 2727 4l
(ASRBIFR) ,2021,41(7) : 1084-1094

[7] HERBST R S,BAAS P,KIM D W, et al. Pembrolizumab
versus docetaxel for previously treated, PD-LI - positive,
advanced non-small-cell lung cancer(KEYNOTE-010) : a
randomised controlled trial [J]. Lancet, 2016, 387
(10027) : 1540-1550

[8] SODA M, CHOI Y L, ENOMOTO M, et al. Identification
of the transforming EML4-ALK fusion gene in non-small-
cell lung cancer|J |. Nature,2007,448(7153) :561-566

[9] PAEZJ G,JANNE P A,LEE J C, et al. EGFR mutations
in lung cancer: correlation with clinical response to gefi-
tinib therapy[]]. Science,2004,304(5676) : 1497-1500

[10] TSUI D W Y,MURTAZA M, WONG A S C, et al. Dyna-
mics of multiple resistance mechanisms in plasma DNA
during EGFR - targeted therapies in non-small cell lung
cancer[ J]. EMBO Mol Med,2018,10(6) :7945

[11] SADE-FELDMAN M, YIZHAK K, BJORGAARD S L, et

al. Defining T cell states associated with response to



43 EF oW
202346 A

SREERE , [HABEE , ISR, PR RNA I3 AR A IR /NH I B i o8 s f s T ].
P ERICEE AR (A ARBR2A AR ) ,2023,43(6) : 864-870

- 869 -

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

checkpoint immunotherapy in melanoma [ ] ]. Cell, 2019,
176(1/2) : 404

LAVIN Y,KOBAYASHI S,LEADER A, et al. Innate im-
mune landscape in early lung adenocarcinoma by paired
single-cell analyses[J]. Cell,2017,169(4) :750-765
GUO X Y,ZHANG Y Y,ZHENG L T, et al. Global chara-
cterization of T cells in non-small-cell lung cancer by sin-
gle-cell sequencing[ﬂ. Nat Med,2018,24(7) :978-985
ZHENG C H,ZHENG L T, YOO J K, et al. Landscape of
infiltrating T cells in liver cancer revealed by single-cell
sequencing[J]. Cell,2017,169(7) : 1342-1356

ZHANG Q M, HE Y, LUO N, et al. Landscape and dyna-
mics of single immune cells in hepatocellular carcinoma
[J]. Cell,2019,179(4) : 829-845

YOST K E, SATPATHY A T, WELLS D K, et al. Clonal
replacement of tumor - specific T cells following PD - 1
blockade[J]. Nat Med,2019,25(8) : 1251-1259

ZHANG L,YU X,ZHENG L T, et al. Lineage tracking re-
veals dynamic relationships of T cells in colorectal cancer
[J]. Nature,2018,564(7735) : 268-272

PENTER L, DIETZE K, RITTER J, et al. Localization-as-
sociated immune phenotypes of clonally expanded tumor-
infiltrating T cells and distribution of their target antigens
in rectal cancer [J]. Oncolmmunology, 2019, 8 (6) :
€1586409

SAVAS P, VIRASSAMY B, YE C Z, et al. Single-cell pro-
filing of breast cancer T cells reveals a tissue - resident
memory subset associated with improved prognosis [J].
Nat Med,2018,24(7):986-993

NEFTEL C, LAFFY J, FILBIN M G, et al. An integrative
model of cellular states, plasticity, and genetics for glio-
blastomal J]. Cell,2019,178(4) :835-849

SON B,LEE S,YOUN H, et al. The role of tumor microen-
vironment in therapeutic resistance|J . Oncotarget, 2017,
8(3):3933-3945

BALKWILL F R, CAPASSO M, HAGEMANN T. The tu-
mor microenvironment at a glance [J]. ] Cell Sci, 2012,
125(23):5591-5596

WUF Y,FAN J,HE Y Y, et al. Single-cell profiling of tu-
mor heterogeneity and the microenvironment in advanced
non - small cell lung cancer [J]. Nat Commun, 2021, 12
(1):2540

KARGL J,BUSCH S E, YANG G H Y, et al. Neutrophils
dominate the immune cell composition in non-small cell
lung cancer| J]. Nat Commun,2017,8:14381
MOLLAOGLU G,JONES A,WAIT S J, et al. The lineage-
defining transcription factors SOX2 and NKX2-1 deter-
mine lung cancer cell fate and shape the tumor immune

microenvironment| J |. Immunity,2018,49(4) : 764-779

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

WOLF Y, BARTOK O, PATKAR S, et al. UVB-induced
tumor heterogeneity diminishes immune response in mela-
nomal J]. Cell,2019,179(1) :219-235

KARGL J,ZHU X D,ZHANG H ], et al. Neutrophil con-
tent predicts lymphocyte depletion and anti-PD1 treat-
ment failure in NSCLC [J]. JCI Insight, 2019, 4
(24): €130850

LAMBRECHTS D, WAUTERS E,BOECKX B, et al. Phe-
notype molding of stromal cells in the lung tumor microen-
vironment[ J ]. Nat Med,2018,24(8):1277-1289

CHEN X,WAN J,LIU J K, et al. Increased IL-17-produc-
ing cells correlate with poor survival and lymphangiogene-
sis in NSCLC patients [J]. Lung Cancer, 2010, 69 (3):
348-354

WELSH T J, GREEN R H, RICHARDSON D, et al. Mac-
rophage and mast-cell invasion of tumor cell islets confers
a marked survival advantage in non-small-cell lung cancer
[J1.J Clin Oncol ,2005,23(35) : 8959-8967

SHARMA P, ALLISON J P. Immune checkpoint targeting
in cancer therapy: toward combination strategies with cu-
rative potential[J]. Cell,2015,161(2) :205-214

JUIEGE S E R, B AR i D R R ARSI EE N
JH i 9 AR S B Bl BE DR A A8 [T . P B BE AR R 2 2
(HARERR) ,2021,41(2) :193-197

BLAKELY C M, WATKINS T B K, WU W, et al. Evolu-
tion and clinical impact of co - occurring genetic altera-
tions in advanced -stage EGFR -mutant lung cancers [J].
Nat Genet,2017,49(12) :1693-1704

TAMMELA T,SANCHEZ-RIVERA F J,CETINBAS N M,
et al. A Wnt-producing niche drives proliferative poten-
tial and progression in lung adenocarcinoma [J]. Nature,
2017,545(7654) :355-359

KRISHNAMURTHY N, KURZROCK R. Targeting the
Wnt/beta- catenin pathway in cancer: update on effectors
and inhibitors[ J ]. Cancer Treat Rev,2018,62:50-60
AISSA A F,ISLAM A BM M K, ARISS M M, et al. Single
- cell transcriptional changes associated with drug toler-
ance and response to combination therapies in cancer[J].
Nat Commun,2021,12:1628

LI C,XUE VW,WANG Q M, et al. The mincle/syk/nf-kb
signaling circuit is essential for maintaining the protumoral
activities of tumor - associated macrophages [J]. Cancer
Immunol Res,2020,8(8):1004-1017

SINJAB A, HAN G C, TREEKITKARNMONGKOL W, et
al. Resolving the spatial and cellular architecture of lung
adenocarcinoma by multiregion single - cell sequencing
[J]. Cancer Discov,2021,11(10) :2506-2523

DUARTE I F, ROCHA C M, GIL A M. Metabolic profil-

ing of biofluids: potential in lung cancer screening and di-



- 870

MoA

Z PN

Ha3EE 6

Bl 20234E6 H

[40]

[41]

[42]

[43]

[44]

[45]

agnosis[ﬂ. Expert Rev Mol Diagn,2013, 13(7):737-748
WANG G, QIU M, XING X, et al. Lung cancer scrna-seq
and lipidomics reveal aberrant lipid metabolism for early-
stage diagnosis [J]. Sci Transl Med, 2022, 14 (630) :
eabk2756

YANG L, YAN X W, CHEN ], et al. Hexokinase 2 dis-
cerns a novel circulating tumor cell population associated
with poor prognosis in lung cancer patients[J]. Proc Natl
Acad Sci US A,2021,118(11): 2012228118

HAN K, WANG J K, QIAN K, et al. Construction of a
prognostic model for non-small-cell lung cancer based on
ferroptosis - related genes [J]. Biosci Rep, 2021,41(5) :
BSR20210527

KASHIMA Y, SHIBAHARA D, SUZUKI A, et al. Single-
cell analyses reveal diverse mechanisms of resistance to
EGFR tyrosine kinase inhibitors in lung cancer[]J]. Can-
cer Res,2021,81(18):4835-4848

MA S Q,ZHANG L, REN Y, et al. Epiregulin confers
EGFR - TKI resistance via EGFR/ErbB2 heterodimer in
non-small cell lung cancer|J ]. Oncogene,2021,40(14) :
2596-2609

BI G S, LIANG J Q,ZHAO M N, et al. miR-6077 pro-

e

e

AL e e

F\L//;\

AR

O UL U

LA

R

[46]

[47]

(48]

[49]

A A A A LA LA A A LA A A A A R R R R e e e )

motes cisplatin/pemetrexed resistance in lung adenocarci-
noma via CDKN1A/cell cycle arrest and KEAP1/ferroptosis
pathways[ﬂ. Mol Ther Nucleic Acids,2022,28:366—-386
MAYNARD A,MCCOACH CE,ROTOW J K,et al. Therapy-
induced evolution of human lung cancer revealed by sin-
gle-cell RNA sequencing[J]. Cell, 2020, 182(5) : 1232—
1251
WU Q,WANG L, WEI H G, et al. Integration of multiple
key molecules in lung adenocarcinoma identifies prognos-
tic and immunotherapeutic relevant gene signatures [J].
Int Immunopharmacol , 2020, 83:106477
ZHAO M N,CHEN Z C,ZHENG Y S, et al. Identification
of cancer stem cell-related biomarkers in lung adenocarci-
noma by stemness index and weighted correlation network
analysis [J]. J Cancer Res Clin Oncol, 2020, 146 (6) :
1463-1472
ZENG H,JI J R,SONG X D, et al. Stemness related genes
revealed by network analysis associated with tumor im-
mune microenvironment and the clinical outcome in lung
adenocarcinomal J |. Front Genet,2020,11:549213
(WimBHE]  2022-11-22
(732 48 : BRI B)

A A LA LA LA LA LA LA A A R

«\



