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[ Abstract | Single-cell transcriptome sequencing refers to the technology of reverse transcription, amplification,
and sequencing of all RNA from a single cell, followed by bioinformatics, and it has developed rapidly. Due to its ability
to interpret cell heterogeneity at the single cell level, single-cell transcriptome sequencing has been widely used in various
fields of life science, especially in the research of diseases such as tumors. This article mainly introduces the process and
development of single-cell transcriptome sequencing, and analyzes its application in oncology research such as tumor
heterogeneity, tumor metastasis, tumor microenvironment, and anti-tumor drug development.
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Fig 1

Process and methods of single-cell transcriptome sequencing

smart-seq: Switching mechanism at 5" end of the RNA transcript; smart-seq2: Switching mechanism at 5" end of the RNA transcript 2;

cel-seq: Cell expression by linear amplification and sequencing; cel-seq2: Cell expression by linear amplification and sequencing 2;

drop-seq: Droplet-based scRNA-seq; indrop: Indexing droplet RNA sequencing; PCR: Polymerase chain reaction.
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Tab 1 Methods of single-cell whole transcriptome amplification

Method Description
smart-seq The technique uses full-length cDNA for amplification and template switching. RNA is reverse-
transcribed into cDNA using oligo (dT) VN primer and MMLVRT, and the second strand of cDNA
is subsequently synthesized using adapter-GGG and MMLVRT. Finally, the double-stranded cDNA
is amplified by 12-18 PCR cycles.
smart-seq2 It is an improved version of smart-seq. On the basis of the first generation, betaine is added during

the reverse transcription process and LNA is added during the second chain synthesis.

cel-seq

The technique uses IVT for linear amplification of nucleic acid after cDNA synthesis by reverse

transcription. It uses primers including T7 promoter, 5' adapter, barcode, and oligo (dT) VN primer.

cel-seq2

drop-seq and indrop

It is an improved version of cel-seq. UMI sequence is added into primers to mark the transcript.

Both are based on liquid microfluidics technology. They wrap a single cell and a bead containing

captured RNA in a liquid drop, and then load the barcode primer for amplification. After the
enrichment of mRNA in the liquid drop, the bead is merged for library building and sequencing.

smart-seq: Switching mechanism at 5’ end of the RNA transcript; cDNA: Complementary DNA; MMLVRT: Moloney murine

leukemia virus reverse transcriptase; PCR: Polymerase chain reaction; smart-seq2: Switching mechanism at 5’ end of the RNA

transcript 2; LNA: Locked nucleic acid; cel-seq: Cell expression by linear amplification and sequencing; IVT: In vitro transcription;

cel-seq2: Cell expression by linear amplification and sequencing 2; UMI: Unique molecular identifier; drop-seq: Droplet-based single-

cell RNA sequencing; indrop: Indexing droplet RNA sequencing.
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motif, TAZ ) &I GSC T PEFn ] 3Pk X — i
WA O FA ) A5 2

Zhang % F| H] scRNA-seq 43 H7 J5 & ¥ 5 i
e B S S PR, B T S AN HA AR TSR 4
MIERE, T F—20 0 AR SRR R 8 75 1 g P R R
Jiivied 22 A1 S0 A R BE 1) e 3 2 REE . Chhen %612 4of i
s AT scRNA-seq 731, &AL E 8 FpEAY)
Ui, o R AN o 17 AR, RIS
HATES S Bk, He 25 38 7R T e KX
F3ZAK (epidermal growth factor receptor, EGFR )
GRS 18] EFL A it e 1o et A B S o, s g
SRR . O A A RN B i B T A4 A 2 R ] ) A2 A
YEF. Leader %'’ 3 it scRNA-seq Fil CITE-seq X}
NAE/INR M il 98 2R A7 53 B, AR5 T 98 98 728 £ ey A
JiRg £ 1 53 SEARTE L, FEE 1 AlR /N4 AR g 1 4
Ay R 05 Ay IR SR % . Van Galen %5 2 £ 1)
scRNA-seq FARXS 40 (-EHEFEA (CR A 16 0] 27
2 LI A S A ERRAUA ) AT 55 43,
38 A AR AN A A 2R AR R 15 A FE R A AR T
B, IR LA X o RS TEAIME . X S5k
RH IR T AATTX e S B vk ol A, 0] 4 s A

PRI FEA ) T e A RS i), S SRR IR
T FEAN I AN s PR A T RERE R

22 MREBmAAHSR WG EEFELT N
AR 22—, DAL LK 53 T 5 i R e # 1Y)
fER R, AT MR B G R Y RN . Xu
45 i scRNA-seq %558 T 9 M FURIEAMILIERY,
Horh gL i T an e T I & e v, JIF BT L
RIS B ELE, 2750 ] scRNA-seq 1] LAFZ T
R I EAT TR R R (R e A I SR, TS A T
LA BRAS 4 1 TS . Kim 25 28 5@ i scRNA-seq
T BRAE M g A 3 AR 4IRS (tumor cell
state, tS) , FLFEASIE] LAY tS1 HeS2 i g S 5L
D 1S3 4, Horh S2 FE RN mERILE
Jit g R AR ARG | R i T A R e R 2
DIARSC, DAl aHe e o L ) 245 ) BEL BT €S2 AH SCRE D ) v
FRAT BB B . RS IRIE S,
L AN G E AN AR A B 1A iR 0 S S S Y
W85, JIF HAEN R A SV RS R L 45 v & PR
RANM, SnBE R A MAEIR RS P R R I
YER.

EFR I8 20 fifd ( circulating tumor cell, CTC )
SEAFAE TN I A & 2 IR AN R ERR, B
SE IR L R PERT IR A0 AL, /D3R4 CTC RE IR ALK
1) B P28 W A 17T 7™ A 5% 7 k. CTC-Tracer J2 7E 1%
TR b IF R R IR IR ) T, K
M EEAS T 43 25 19 CTC 1Y) scRNA-seq Ze A TEAE M
FN, A A RO U e 1Y scRNA-seq K11,
CTC-Tracer A] LLIR B CTC F3B B2 HoR A8 kR H, 4
I E CTC-Tracer EL A M =5 1A B2 € PE RN HERA PE, K
BRI STV AA T AT AR BRI S E AR PR 5 v
FREF >
2.3 MRBABIRBEATA RN R AR 4R i
AR SR R OB, LB PR dE i . T dEanft . f
JEANME . EBEUR R AN A RN A0 B AP L L Sl A B 4%
31 MR EAEE b s A B2 . A
HARE, RS 2L TR N4 . Katzenelenbogen 25>
$H T INs-seq (intracellular staining and sequencing,
—FR 2 i PN B R RN 5 scRNA-seq [ HE A
AR E I IZHAR K B /N B AR 20 fid A 32 A 2

( triggering receptor expressed on myeloid cells-2,
TREM2 ) 47 5E DA falt vl 40 41 Ffe e oA 80 5 -
AUH B, D RESC IR A CD8 T T 41 i i 2 v



. 804 -

R KE 2023457 H 45 44 4%

T H AR AR AN AH B BRI T ARG i, e
A= KA B2 98 2% . Molgora %5 ! 5 it scRNA-seq &
B TREM2 By e A2 5 g i i vh ke = H i85
B2 1A C & 1 ( mannose receptor C-type 1, MRC1™" )
FC-X3-C 4 7 & b I+ &2 K 1 (C-X3-C motif
chemokine receptor 1, CX3CR1") ELWEZ0fIAHK,
i 8 I AFF 3 A 2 B0 £ 1 T 200 i s oz ) ke
o AL F AT AR T4, B4, B
I A4t L S S e A B P A2 Ak, W LUR I B el RS0
DIRe 25005 I e As U OG . e HEBy, WTad Gk
PRSI B S 40 A 0 D RE RS S ) B fs
RYUIREETL, W ndE 5O RIS SR BT,
KB AR I 0 H R

B 9% A A w103 590 R 6% 1) b JRE A i 0k i
(49 AL T 0 5 AL A 6T e e 0 R, GE e BB A
925 A LR 2% K b 9 A A AR = B MR 3L g AN
EGFR2 i 3% 35 09 ZL IR g vh, il g8 322 3 4k L2 48
(14 K0 2 R Y S B TS [ . Savas 457 1l
1 X6 FLR g H 4335 T 40 9 1Y scRNA-seq, A& 1 H
A 962 12 1 A £ 400 i 1) L g P A A CDS T 4L
9F B 042 T 40 ffd ( tissue-resident memory T cell,
TRM) , Jf H CD8" TRM 7£ L i 9 o B A # 5
0 A B T P R, 5 B LR R R T A
JE A, CD8' TRM 43 Bh T 7L i i S s W 4, If:
LR B B8 A A 6 TR A B DGR M AR . X T
it & M, M nectin 40 M Zh Bt 4> T 2 (nectin cell
adhesion molecule 2, NECTIN2 ) - E.f5 ¢ £ BK
PR G P58 32 1A s G IR 100 1) 6 7 2 A S T 240 i B
$EZ A ( T-cell immunoreceptor with immunoglobulin
and immunoreceptor tyrosine-based inhibitory motif
domains, TIGIT ) Ji AR NS 2 A e
TS AN A [a] (A AR R R 1 i 10k 3 Ak L2
SEEERL Y K, BT IR A RN R T A B 4
i 22 T) A RH B 2R ) DARBEOR e SR 5, i/ e g
.

JSCET 24 200 S Ao I8 SR B 1) g — A% 0 LG
Zhou 5 {8 Bl BLAR i 22 20 2400 e K TR, 45 LI O
i 2H 21 vl A R 4 RS DB R 1 BT 4 24
el v TARSR I IE R 202, Horp 7 S e ik s
L o BN, R & B S AN 5L R 45 B i TS
B2 1 AT A A0 S S A AR ) . Chen 251
i 32 seRNA-seq 7E % 1t i i I A 58 v 285 3 19

P g 2 Y, Hrp A 5 2 B R £ A A i A, 1D
JAE VR RE A O LA 4E AT Y (inflammatory cancer-
associated fibroblast, iCAF ) F1 LA AH 5 hl £F 4
Zi e (myo cancer-associated fibroblast, mCAF ) ,
Hrp iCAF 54 RS B UIAH G, 15 B scRNA-seq
XF LY T 8 2 SURIAN [m] Bsf 0 e 2 2 e s 21 4 4 A )
MR, RGE AR g 2k e rh AR Ak, A Bl T
SR TS, FA S A X AT 4E A A A #E 1a) R T
P EL B R KR

JE 3B 240 g A i 22 /D A7 AE 3 B AY, BRI #
ZIui | 2 MR FE R . Jain %5 scRNA-seq
5 s [ SR ARG, UE B FE I 5T B4 e v i
J83 AH 5 I 2T 4% 40 g ( cancer-associated fibroblast,
CAF ) SIIFERT GSC. N EAfIAN M2 20 48
. CAF # GSC#afkm 5], IR =% GSC, A
HAEMRHVE] . Hoogstrate 25 5 3k % L i & 1k
S R M LB RE, A ISR R e 4 e 81
SRPLAE ) (B FE BT B R, Jf i) scRNA-seq e
LR U2 Y 8 SR S 5 R M IO - 4 e
Ik 9 e B 45 I A 2 A i A R 2 i ) -
b, XEERHIE 58 R A AR BRI OC, FIRAT
GELE R I ST B2 LI (R TR T A LA A
Jisyic

JIe 92 AR DG T A= 0 A o P e A 5 1) 1 2
JRRSY . Galeano 45 i K scRNA-seq 525 [H] 5%
S AN T SR 20 i Fn 25 B oY,
fas T AsE) L AH Ay 1 3 - A EAE A,
FEIL G AR M40 16S rRNA 5T X3 1) 51 9 71
K T —Ff scRNA-seq J77%, BIAAR - FhFT - m1 3k
IR, FHFU ee A AR S 4 TR A5 2 A AR
FB9TE 400, @I D ReFIT K IR A TR R L i
Y i DA AR A E U A JE BB AR, IFH4E R 40
SRR Xl [ IPBCE s Fieg PN T A R Y
SN EREALRY, F B P EEA SRR T
B 2 A1 L H AR 2R o 6 e )
FER TN RERUN LTI G FIVEAR , KA Bh T80 Fipy
FINAYT MR 18 70— A A A5
24 MBS MATA IR PR = 2 b Ak
ST 27 RN 1) 250 7R — e, S N TEE
Mif 25 (REEMRZTY 0 CAEFE ) FRAT PR 25 (2
25 fa A ) PR, I S Bkt T (i FH B
— 2P ey FRAE,  [R] s e A4t e %) s T SR



WHEEE RSN 2023457 H 55 44 %

* 805 -

i 2450 77 A2 AR U5 . Marjanovie 25 7 J3 8T T 3 A
AR /N BRI g DA S Je i A= 2 B 7 S B B
PR M G S, SRR R I SRS ) A Bt e (1]
ARSI I, 38 2o 55 T S o e P e 4
AL LRI L ak R Y P IEME E DIRAS Chigh-
plasticity cell state, HPCS) /3=, it — 2L
FERIL, PINERI IR AN 3 SR IR S R RS A
53 519 HPCS AR 57 Hh A8 v 1 A ARG o fig
HPCS 5 A& i A= A7 A ¢, I/ R
W 2451 . 15T HPCS J& KR oS5 e )k
A, R TR HPCS [Y3RYT S . Cohen % 7 i
if scRNA-seq &8 T 2 & M-8 B89 1A 2508 J7 4
S, SR IR S AT DU S e DR A T
i 245 ) T 50 7% i 4 s 2452 [ A

Chang %% JF % 1 B B 7 [R] 9 I 2 )37 F) 4 2
s RNA il J¥ ( tracking differential clonal response by
scRNA-seq, TraCe-seq) ZR 4%, 1# FH 1995 58 A H
3" scRNA-seq A4S I 2B (KB 30 nt) FaxE
HEG B IR AR DR 2 b, AR RN LA B o
T[] bk RS ok e RS R T L 5 e T 240 B X AN [
(Y BIVES) S, AT R 2400 S I A 245 1 P SR
fE o 2 R G0l B LA [RY7 vk 7 25 A L
il R AT B Chang %5 i ] TraCe-seq #5/5 T i
JIHESE EGFR 1) i) 55 55 05U EGFR #7151 -
i 351 J5 AN [) 0 Bt S S oy R 25 BIL TR, 79 5 1 DX
TE T EGFR & & S RS 78, il FH R A 500 R AIG
EGFR 7KV~ A] fig 2= FELr 1 il 500 A7 2%, 17 P 400 i 551)
454 EGFR 5 | B A% P 5T 9 1 35 )75 S ) T S B o 4
JTAUE R HE, TraCe-seq £ AW K I 254 )=
AL KT 25 L AR ST, b big 259 it &
HEEE

3 N 2

P2 i Sy LI P B A MR = ) 1
WG 1o WARHER A, AR g 35 iR = 01 58
FREAE, TE AR MK HEA T 0 AT LS G i 75 i
FRAE . RIS SR AR AT LR
SRTE . MRS . MRERORA R . RPESEIRYT . i
A 25V SF 07 2 M . 22 RN T i b
T, RASIIBIA IR R FAR. AR A
BRI AR W B A 5, Tk HB G2k, i H]
WAz, [RIZBARAIRAAE—E 1 SR BRAE,

XU SRR H T IE RN 2 B AR, 5]
an, FR—fY scRNA-seq S8 0] DL 0 53 Jo 14 1) 41 i
Ay, e E R I UL ANMRE, (AT A e 48U
P23 [B]3 ARHITCER, A 23 [ Sk 4l
JF AT AR — SR RIS, T deg b g R 40 [ BB 2R AR
WA EAER; Sane iz & S s, &5 %4
BluEK, FER R, 5 Ry 1
MEFERE K, v REHH IARRR SRR 5, TSR
ARSI A5 . b BB s 765 B iy
I ST ZURNAS B 1A, L idi A 20 MR 1%
AT AR IR LA K 535 A B3 1 200 32 SR . 2
WA JC & A N AR AL TCTEIE S, 38 A % FL A B A
A 1) scRNA-seq £ i F14& Uk FE 78 19 snRNA-seq %8
PERTBeAT B T R I AR A G 5 B . Ak, AR HE
TTARAS %5 b R DX vl BP0 L S 2 55080 A
KHbHESh T I Ao R 2 S, ARl s 2 41
NG B2 R B S bt A T & A P
JEIRTFMR B R L, A s S P B AR O
BN | R R T Y T R R R, R R
T i PN 22 A 2 DT R AR SR T R AR
HLE2E 2T T TR eSO B b & R, Aok—E
STEIGIRMEZWT . 67 . U & A 2 210
I

(& % x #f]

[1] STARK R, GRZELAK M, HADFIELD J. RNA
sequencing: the teenage years[J]. Nat Rev Genet, 2019,
20(11): 631-656. DOT: 10.1038/s41576-019-0150-2.

[2] TANG F, BARBACIORU C, WANG Y, et al. mRNA-
Seq whole-transcriptome analysis of a single cell[J].
Nat Methods, 2009, 6(5): 377-382. DOI: 10.1038/
nmeth.1315.

[3] JOVIC D, LIANG X, ZENG H, et al. Single-cell RNA
sequencing technologies and applications: a brief
overview[J]. Clin Transl Med, 2022, 12(3): e694. DOI:
10.1002/ctm?2.694.

[4] SLYPER M, PORTER C B M, ASHENBERG O, et al.
A single-cell and single-nucleus RNA-Seq toolbox for
fresh and frozen human tumors[J]. Nat Med, 2020,
26(5): 792-802. DOI: 10.1038/s41591-020-0844-1.

[5] STOECKIUS M, HAFEMEISTER C, STEPHENSON
W, et al. Simultaneous epitope and transcriptome
measurement in single cells[J]. Nat Methods, 2017,
14(9): 865-868. DOI: 10.1038/nmeth.4380.



e 806 -

R KE 2023457 H 45 44 4%

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

PETERSON V M, ZHANG K X, KUMAR N, et al.
Multiplexed quantification of proteins and transcripts in
single cells[J]. Nat Biotechnol, 2017, 35(10): 936-939.
DOI: 10.1038/nbt.3973.

LEE J, HYEON D Y, HWANG D. Single-cell
multiomics: technologies and data analysis methods[J].
Exp Mol Med, 2020, 52(9): 1428-1442. DOI: 10.1038/
s12276-020-0420-2.

PAN Y, CAO W, MU Y, et al. Microfluidics facilitates
the development of single-cell RNA sequencing
[J]. Biosensors, 2022, 12(7): 450. DOI: 10.3390/
bios12070450.

RAMSKOLD D, LUO S, WANG Y C, et al. Full-
length mRNA-Seq from single-cell levels of RNA and
individual circulating tumor cells[J]. Nat Biotechnol,
2012, 30(8): 777-782. DOI: 10.1038/nbt.2282.
PICELLI S. Full-length single-cell RNA sequencing
with Smart-seq2[J]. Methods Mol Biol, 2019, 1979: 25-
44. DOI: 10.1007/978-1-4939-9240-9 3.
HASHIMSHONY T, WAGNER F, SHER N, et al.
CEL-Seq: single-cell RNA-Seq by multiplexed linear
amplification[J]. Cell Rep, 2012, 2(3): 666-673. DOI:
10.1016/j.celrep.2012.08.003.

HASHIMSHONY T, SENDEROVICH N, AVITAL G,
et al. CEL-Seq2: sensitive highly-multiplexed single-
cell RNA-Seq[J]. Genome Biol, 2016, 17: 77. DOI:
10.1186/513059-016-0938-8.

MACOSKO E Z, BASU A, SATIJA R, et al. Highly
parallel genome-wide expression profiling of individual
cells using nanoliter droplets[J]. Cell, 2015, 161(5):
1202-1214. DOIL: 10.1016/j.cell.2015.05.002.

KLEIN A M, MAZUTIS L, AKARTUNA I, et al.
Droplet barcoding for single-cell transcriptomics applied
to embryonic stem cells[J]. Cell, 2015, 161(5): 1187-
1201. DOI: 10.1016/j.cell.2015.04.044.
HAGEMANN-JENSEN M, ZIEGENHAIN C, CHEN
P, et al. Single-cell RNA counting at allele and isoform
resolution using Smart-seq3 [J]. Nat Biotechnol, 2020,
38(6): 708-714. DOI: 10.1038/s41587-020-0497-0.
SALMEN F, DE JONGHE J, KAMINSKI T S, et al.
High-throughput total RNA sequencing in single cells
using VASA-seq[J]. Nat Biotechnol, 2022, 40(12):
1780-1793. DOI: 10.1038/541587-022-01361-8.
MOSES L, PACHTER L. Museum of spatial
transcriptomics[J]. Nat Methods, 2022, 19(5): 534-546.
DOI: 10.1038/s41592-022-01409-2.

ZHANG J, SONG C, TIANY, et al. Single-cell RNA

sequencing in lung cancer: revealing phenotype

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

shaping of stromal cells in the microenvironment|J].
Front Immunol, 2022, 12: 802080. DOI: 10.3389/
fimmu.2021.802080.

NEFTEL C, LAFFY J, FILBIN M G, et al. An
integrative model of cellular states, plasticity, and
genetics for glioblastomalJ]. Cell, 2019, 178(4): 835-
849. DOI: 10.1016/j.cell.2019.06.024.

COUTURIER C P, AYYADHURY S, LE P U, et al.
Single-cell RNA-seq reveals that glioblastoma
recapitulates a normal neurodevelopmental hierarchy[J].
Nat Commun, 2020, 11: 3406. DOI: 10.1038/s41467-
020-17186-5.

CASTELLAN M, GUARNIERI A, FUIIMURA A, et al.
Single-cell analyses reveal YAP/TAZ as regulators of
stemness and cell plasticity in glioblastomalJ]. Nat
Cancer, 2021, 2(2): 174-188. DOI: 10.1038/s43018-020-
00150-z.

ZHANG M, HU S, MIN M, et al. Dissecting
transcriptional heterogeneity in primary gastric
adenocarcinoma by single cell RNA sequencing
[J]. Gut, 2021, 70(3): 464-475. DOI: 10.1136/
gutjnl-2019-320368.

CHEN Z, ZHOU L, LIU L, et al. Single-cell RNA
sequencing highlights the role of inflammatory cancer-
associated fibroblasts in bladder urothelial carcinoma/J].
Nat Commun, 2020, 11(1): 5077. DOI: 10.1038/s41467-
020-18916-5.

HE D, WANG D, LU P, et al. Single-cell RNA
sequencing reveals heterogeneous tumor and immune
cell populations in early-stage lung adenocarcinomas
harboring EGFR mutations[J]. Oncogene, 2021, 40(2):
355-368. DOI: 10.1038/541388-020-01528-0.

LEADER A M, GROUT J A, MAIER B B, et al. Single-
cell analysis of human non-small cell lung cancer lesions
refines tumor classification and patient stratification
[J]. Cancer Cell, 2021, 39(12): 1594-1609.e12. DOI:
10.1016/j.ccell.2021.10.009.

VAN GALEN P, HOVESTADT V, WADSWORTH II M
H, et al. Single-cell RNA-seq reveals AML hierarchies
relevant to disease progression and immunity[J].
Cell, 2019, 176(6): 1265-1281.e24. DOI: 10.1016/
j.cell.2019.01.031.

XU K, WANG R, XIE H, et al. Single-cell RNA
sequencing reveals cell heterogeneity and transcriptome
profile of breast cancer lymph node metastasis[J].
Oncogenesis, 2021, 10(10): 66. DOI: 10.1038/s41389-
021-00355-6.

KIM N, KIM H K, LEE K, et al. Single-cell RNA



PR AR

20234E7 H 544

e 807 -

[29]

[30]

(31]

[33]

sequencing demonstrates the molecular and cellular
reprogramming of metastatic lung adenocarcinomalJ].
Nat Commun, 2020, 11(1): 2285. DOI: 10.1038/s41467-
020-16164-1.

GUO X, LIN F, YI C, et al. Deep transfer learning
enables lesion tracing of circulating tumor cells[J]. Nat
Commun, 2022, 13(1): 7687. DOI: 10.1038/s41467-
022-35296-0.

KATZENELENBOGEN Y, SHEBAN F, YALIN A, et al.
Coupled scRNA-seq and intracellular protein activity reveal an
immunosuppressive role of TREM2 in cancer[J]. Cell, 2020,
182(4): 872-885.¢19. DOI: 10.1016/j.cell.2020.06.032.
MOLGORA M, ESAULOVA E, VERMI W, et al.
TREM?2 modulation remodels the tumor myeloid
landscape enhancing anti-PD-1 immunotherapy
[J]. Cell, 2020, 182(4): 886-900.¢17. DOI: 10.1016/
j-cell.2020.07.013.

SAVAS P, VIRASSAMY B, YE C, et al. Single-cell
profiling of breast cancer T cells reveals a tissue-resident
memory subset associated with improved prognosis[J].
Nat Med, 2018, 24(7): 986-993. DOI: 10.1038/s41591-
018-0078-7.

ZHOU Y, BIAN S, ZHOU X, et al. Single-cell
multiomics sequencing reveals prevalent genomic
alterations in tumor stromal cells of human colorectal
cancer[J]. Cancer Cell, 2020, 38(6): 818-828. DOI:
10.1016/j.ccell.2020.09.015.

[34]

[35]

[36]

[37]

[38]

[39]

JAIN S, RICK J W, JOSHI R S, et al. Single-cell RNA
sequencing and spatial transcriptomics reveal cancer-
associated fibroblasts in glioblastoma with protumoral
effects[J]. J Clin Investig, 2023, 133(5): €147087. DOI:
10.1172/JC1147087.
HOOGSTRATE Y, DRAAISMA K, GHISAI S A, et al.
Transcriptome analysis reveals tumor microenvironment
changes in glioblastomalJ]. Cancer Cell, 2023, 41(4):
678-692.¢7. DOI: 10.1016/j.ccell.2023.02.019.
GALEANO NINO J L, WU H, LACOURSE K D,
et al. Effect of the intratumoral microbiota on spatial
and cellular heterogeneity in cancer[J]. Nature, 2022,
611(7937): 810-817. DOI: 10.1038/s41586-022-05435-0.
MARJANOVIC N D, HOFREE M, CHAN J E, et al.
Emergence of a high-plasticity cell state during lung
cancer evolution[J]. Cancer Cell, 2020, 38(2): 229-246.
¢13. DOIL: 10.1016/j.ccell.2020.06.012.
COHEN Y C, ZADA M, WANG S Y, et al. Identification
of resistance pathways and therapeutic targets in
relapsed multiple myeloma patients through single-cell
sequencing[J]. Nat Med, 2021, 27(3): 491-503. DOI:
10.1038/541591-021-01232-w.
CHANG M T, SHANAHAN F, NGUYEN T T T, et al.
Identifying transcriptional programs underlying cancer
drug response with TraCe-seq[J]. Nat Biotechnol, 2022,
40(1): 86-93. DOI: 10.1038/s41587-021-01005-3.
[Ax#miE] I A



