e E 40 2E 02 24 Chinese Journal of Cell Biology 2022, 44(9): 1801-1811 DOI: 10.11844/cjcb.2022.09.0013

BN FRAREREREMRTINH

BAF EKE EuR Fik AR
(o R BF2B5 U bR A 5 TARTIORR, 5k 3R B 2 TARB IR, T 315300)

WE EFk, EwnF R LR, hBiE A e A4 R AR T AP AR 44
A, ZHAR AT R IS R R XERL, A 3R K A AR B AN I AT R 6 S A
FEAEDBNFAZE. RFRARL P EHFEOTHATE, LA MBS R AR, R S
B2 B GG T Rk, BT, BN AR AT 2 R TR BARMATR, FBRIFT F5 M0
HRARE. EXHBANBT EmRNFHER, ZAAEE T ERRAERE R T HEA, FRTTRE
F oSt . I IBIREE. MY I8 69 K A 5 K RAH| A B S AE B L 6 AT, R R
& QMR BT R S5

XHER AT EOR; B, RN MR RO RHE T

The Application of Single-Cell Sequencing Technology in Esophageal Carcinoma
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(Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Science,
Ningbo Cixi Institute of Biomedical Engineering, Ningbo 315300, China)

Abstract In recent years, the rapid development of single-cell sequencing technologies have provided
unprecedented opportunities to decipher the biological characteristics of individual cells. These techniques are able
to resolve the difficult problem of cellular heterogeneity, driving the precision and accuracy of oncology to new
heights with the powerful technical advantages. Esophageal carcinoma, with highly heterogeneous molecular char-
acteristics, is a unique malignant tumor in China. There is still no effective clinical treatment strategy for esopha-
geal cancer. At present, single-cell technologies have been widely used in esophageal cancer research and achieved
favourable results. This review introduces methods of the single-cell sequencing, summarizing and discussing the
latest progress in the aspects such as cellular heterogeneity, tumor microenvironment, tumor occurrence and devel-
opment, and drug resistance mechanism research in esophageal cancer. It is hoped that this paper can provide novel
insights into the precision medicine of esophageal cancer.

Keywords single-cell sequencing technology; esophageal carcinoma; heterogeneity; tumor microenviron-
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Fig.1 Schematic diagram of the single-cell sequencing workflow
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Table 1 Summary of the studies in esophageal cancer using single-cell technologies
BR N FEHR S 3R
Technology Sample Main achievement Reference
scRNA-seq Tumors from three ESCC patients and ~ NOTCH signaling was exclusively activated in ESCC, but not in EAC [41]
two EAC patients
scRNA-seq data SRP119465 Cell cycle-associated genes were correlated with EAC cells stemness, and [42]
DNA replication and DNA damage repair were correlated with ESCC cells
stemness
Five human ESCC tumors and five Identified a list of tumor-specific genes and four malignant signatures, LAG3 and [47]
matched adjacent samples HAVCR?2 were regarded as potential targets for immunotherapy in ESCC
Blood, tumors and matched Tumor-specific CST1" myofibroblast was associated with poor prognosis in [51]
adjacent samples from 11 ESCC ESCC
patients
Tumors from eight ESCC patients FGF?2 as an important regulator of SPRY'1 expression involved in establishing the [52]
dysfunctional state of CD8" T cells in ESCC
Tumors from one ESCC mouse model ~ Hypomethylation-induced CCL20 promotes ESCC progression and immune [53]
disorder
Seven human ESCC tumors and IL-32 has different roles in Treg cells and CD8" T cells, and it can potentially ~ [57]
paired adjacent tissues be a target for ESCC cancer immunosuppressive therapy
Esophageal samples of 4NQO- Identified a set of key transitional signatures associated with oncogenic evolution [59]
induced mice of epithelial cells and depict the landmark dynamic tumorigenic trajectories
Duodenal, gastric, oesophageal and BE was marked by LEFTY 1 and OLFM4, and exhibited a profound transcrip- [62]
BE samples from eight patients tional overlap with oesophageal submucosal gland cells
Gastroesophageal junction tissues BE originates from the gastric cardia and that EAC arises from undifferentiated [65]
from healthy and ESCC patients BE cells
Squamous esophagus tissues and BE Loss of RNF128 Is02-UBCHSC and persistence of the Isol-UBCHS5A complex [66]
tissues from two patients favors mutant p53 stability to promote BE cell survival
KYSE-30 ESCC cells and paclitaxel The existence of an intrinsic paclitaxel resistance in KYSE-30 cells, carfilzomib [69]
resistant cells could attenuate the paclitaxel resistance in Taxol-R cancer cell
Tumors from five SA-ESCC patients CDS8"T cell levels were significant different between NACT-ESCC and SA-ESCC  [71]
and five NACT-ESCC patients patients, and LAG3 was suggested as a potential immunotherapeutic target
KYSE-180 ESCC cells and radiation Identified genes and pathways related to development of radioresistance in ESCC [73]
resistant cells
KYSE-180 ESCC cells and radiation Radioresistance-associated genes and signaling pathways that were aberrantly [74]
resistant cells expressed in radioresistant ESCC cells were identified
scRNA-seq data SRP119465 Six novel biomarkers for diagnosis and prognosis of ESCC were validated [76]
scRNA-seq Seven tumors and matched adjacent Exhausted T and NK cells, Tregs, alternatively activated macrophages and tolero- [50]
scTCR-seq tissues genic dendritic cells are dominant in the TME
Sixty human ESCC tumors and four Dissecting the tumor microenvironment compositions of ESCC, and identify [46]
adjacent normal tissue samples several markers significantly associated with patients’ survival
scRNA-seq BE and gastric cells from two human Identified seven genes that facilitate the distinction between different BE stages on ~ [64]
scDNA-seq biopsies histological sections
scWES-seq Tumors from two ESCC patients Forty-two recurrent radioresponsive genes was identified in ESCC patients [75]

scRNA-seq, single-cell RNA sequencing; scTCR-seq, single-cell T cell receptor sequencing; scDNA-seq, single-cell DNA sequencing; scWES-seq,

single-cell whole exome sequencing; ESCC, esophageal squamous cell carcinoma; EAC, esophageal adenocarcinoma; 4NQO, 4-nitroquinoline 1-oxide;

BE, barrett’s esophagus; NACT, neoadjuvant chemotherapy; SA, surgery alone; TME, tumor microenvironment.
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KM B ERINRIATT et — 248 5.
22 REELEAKMSRMESERNLMBHAR

ERERE T &8 LR B iR, PR
B8 AN R T RAE , N TR OR B
B R YR B A R . BT A,
ZHANGZEHIE I 0K H 215605 ESCC &2 1820
Ji N0 EAT scRNA-seq, fifAT 7 ESCC 8 4 i (1)
SR T T 8 E B R, o
J7 2 M 2% U 2 3 1) 4% DLER 5 (copy number varia-
tions, CNV), #IAE &M 4. @it R,
XEe F RN N 38N ERE, o 20k 244 4
PR3 R B AN () A2 ) MR, I LI e 41 B B H
o A A B R EMUT I8 % A0S , T LA 1 144020
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FIRE (o8] W e A A el R P R AP 5 ) A i 4
FSC R R S AL B B A AR A, 0T 88 7 g 1) fo
JTIER CHEW, ik, BRI AMCHH T —
LRV TT R R A ESCC &8 2 (1 I AR IR S6:, H2
ANHO S ARAEIE RN R . BET, R B E
B REITIEIC T AR, sy i EZ R R e
et (140 TR P 15 M 65 e A 1) B 2 VR T T T A 1

N T AR AEESCCHI MR A 55 K3, ZHENG
2 BRI ] scRNA-seq4t & scTCR-seqXf M 7f] ESCC
B A0 bR R g 55 A1 4 b 43 B B 80 787N
R HAT A3 HT . G5 RE S, ESCCHI IR A 58
Y1 L R R R TANMD . FEIR NKAIM . 151 741
L (Treg)~ I P 5006 200 P DA R i 52 P A 5 248 o 4
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o FEIX LG f I 41 BF  , #E25 CD8™ TR
B T MAESE A IR 25 F R AR WDIR S 1 i Sk
AR, e ERESE A A 20 B I CD8-C5-CCLS
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