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Application of single-cell sequencing technology in oral

squamous cell carcinoma research
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Abstract:  Single-cell sequencing technology involves sequencing the genetic information of target cells at
the single cell level. This technology has been applied across various medical fields and offers unique
advantages in studying the heterogeneity of tumor cells, tumor initiation, tumor development and drug
resistance. Oral squamous cell carcinoma (OSCC) is one of the highly invasive cancers in the head and neck
region, with a high risk of local recurrence and lower survival rates compared to other head and neck cancer
types. Treatment primarily involves surgery, with radiation and chemotherapy as adjuvant therapies. However,
the prognosis for most OSCC patients is poor, with a high incidence of local recurrence and metastasis. This
review summarizes the development of single-cell sequencing technology and its applications in the study of
OSCC. The aim is to provide new insights for the precision diagnosis and treatment of OSCC.
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AT J3 23 BR 1) Jeh 4 L TRE O 2 S 0 12 il B ST B
I 23RN . Rk, RO BT S A g 4
LR TP e R T 40 L) & SRS, 2 T B
JR A Bz b e B i BB LR R DY kAT
A 75 AR B BB ) e T4 e, 2T OSCCE K
R
2.2 OSCCHHEHMIREE 7 T A S4B 52
OSCCHIRA K JE. 1B . Al sH
2 XK IR A (the tumor micro-environment,
TME)# 1M1, TaoZEPHA N, 1 fs i iR A 358 2
i 96 A RN A R I G BEDR 2R, s TR A B
WRAT LUNIRIT I8 T, e B E kA 1f
BRANAIE P 1 I TR 53 EH o S 12 2 24
MU TA0 B AN B A ) 5 IR e 2 248 i (n A% 2
M. EAARAGAAE. EVRAA. B IR 40 i AN BE
5P 0 A B ) s AH G R AF 4E 40 Y (cancer-
associated fibroblasts, CAFs). ZUJ 40 A 41 41
BRI, o, EEMTH RS N
CD8" T4/l #HCD4" THHBI4HML. A5 T4 A
SR, ChenZ5: K FlscRNA-seq M1 22 {0 5 5
Gefty, KR T OSCCiAHCDA” T4 M. CD8”

T 4 B A1 B 4t B 1) S 8 B 25 R ARE Dh e, R BN
CD4" 2 i 75 14 TIbk [ 40 P 2 18 JURE g (1) 9738 o JkeE
il EL A MR R R R R IA B, WA A T
JE T IX SET A Hf 1 OIS T 4 B HOSCCAH G A
PEVRIT PG o CAFsa s i Bg T 8 B rh L B (1) 4%
AT, IOl R 2 s, HonlE it
R -] 5 A S A 0 P RT AR 28 4 LA
CAFSMMY 5OSCCIRIFE K BEMI, FHHAEX Itk
B 4556 R R 7524 T OSCCI L AT . Hugb!
AR T O SRR 2 DR H =0, F
UE B TDO2 WL AR £F 4 40 Jf 2 4 728 ¥ 97 1 785 75§
B o 38 R 5> OSCCAHH I I i 41 4 41 g 3 4k
B, i EARKRBRE, IRARIOSCC
HH 2T 4 20 L ) S SR PR VR T KPR . X
W ER I, BEAREME A REOSCCH T St E
Fr 25, TSR RIE S A — 8.
B, EFxH RN, CAFsHITRIT 77 R Al Rt 231
iR A %, fHOSCC b 75 24T X 1 i) B8 1) V6 97
i
2.3 OSCCERAESARRAERMEMMEMAR
OSCCRAEE K g — MR HE IS B0w
AR, AT H TMED . BENFEAK R K
M, ORI 2 OSCC I3 AL K5 1E 45 R I S IE
s, E R 0SCCR A K B A 5L [ 4 T ML
fil, WARRHKRESRKELRE, SOSCCH M2
Wi f2 697 BT B R E B . ChenZ5 Uil T 4
HrscRNA-seq¥i#i, WEB] TEPCAM. SOX2.
CSGALNACTI. FMODZE12 MR AH & FE R bR 7E
OSCCRAE R MImRE X, AL 7iX124 %
AL 7 fir 8 RT3 Fie 8 40 B R (9 R IR, B0 AIE T
FARAE A M 7K b A7 7E A () 205 e 2 5 14D i 99 40
N T HFFROSCCHI R A K JEid 72, HuangZ5B2H)
FHAGE RS 4k R 4- i ik 2 1 - % A6 ) (4-nitroquinoline -
oxide, 4NQO)if F/N R OSCCH K J& KA (1)
OSCCK JEILFE, KA scRNA-seqs 116 F129 /4
SEEGAH /N BRSO A, JF 0 HE 2 O AR AT
b, S H1TMS 58UR 4 RITR, Hhs
G (T 4 ) A0 ER L RR (A A 20 ) Bo I B AR S
MYCH K@ BA & B ERIEH. MCMS,
RANBP 1 FTHSPOOAB 13 3 i 9 M 41 i 24 41 i &
HONEI1-CIS6 [ FAAEE— BB IE T IX — 253, iX L



O, S AN BORAE D SR A e B S R A S S213 -

Y1 Jf M L A AR RS TE 11 i e B0 ok R b omT N
TR w4 B, R m e N BRI NG TT
BN XS EUN I BHOSCCHI K AE AR B4 T
SEESUEME SCRE, AR IR B R — AR R I S A
FEA AR W WAER o 120 7038 32 BR T/ BB AL 1
JR PR, R IX Re R AT RS S A TN R R 4 B
JEREFL A, A7) 7R 2258 22 SEEGUEHE SR LAE W
2.4 OSCCiRyTAnTi/E 75 ERY L4 faff 5
HXOSCC, REHFTA. BT WITEEiRyr
Tk, AR RRVEE RS 6 RS AT SR R AT 3 a4, %t
T vE M O s R A M e, )R LE T R A e
& U AAFAE — AN EE MR T I 04706 R RN
AR RE, B R SRS TR AR . Cui
SIS AT R B R 2 R 4 I 1 B 1 (TCGA) Y
#Hr OSCCHr AmRNA R IA 3 A1 4 OSCCEH 1)
FRIGRE R, #E4TscRNA-seqZM#T, @S 1 —Fh
T BT bR B 200 398 GO T BN ARRAE A B TR A
OSCCH ¥ TN B384 7 AN G % AR 858, 000 790 f A
3 0 5 VA YT O . HuynhZ8PY# 540 T OSCC
FAAMIRNA FEAREE, SRIMCAFsFE 7 bRz -[a]
705 Ak (p-EMUT) i 988 441 i (1% 41 it 18] AF F A FH
%, HRNEBYIMOSCCRIZ WG4t T4y
PREY . PengE NN FH BLGH B I 5 40 B R B
TCF1/TCF7 TNV H#E. =2k B 45 #4 (TLS) Al i
J& Z AAFTEAR BRI OCHG, AR T X L B e BT 4K
H IS, TCF1/TCF7 TYHM AT AE A (1)
JEbREY), AN OSCCHRE N & iR TT
B, Wang 25U i 5 R 26 0k B8 5 (GEO)
TCGA R # A UL EL )OS CCREA AN I H #E A K5,
Iz H B0 B e 23 A B, CCDC43 I A 78 5 I
W O sk B, FRRAETRKEEN
MASLTE R 2. BRIkZ 4h, CCDC43 (1) s 3Rk nl g
S HE NAR PR S 77, (ks etk 4
(s . SCSMFIE 7 NOSCCHI % % 1 7T H2 14k
TIRZII IR, HRA RV R IN EEL R,

3 EAYRREIN P B AR T I APk Ak

SCSEy— R il il | PR, H51E4
2 YR AT P BOR AR G, A2 3R 7T 8 b 4 i R
i, RAREOESHER, ERHLRRE. Hl
PGSR R R T, AR SRR,

— MR R T SORAS T H H AR i e
HH 2 ) 3 ) 25 7 A5 AR A I SCSHERA IR I, Xt
FZ0 B AR B RN ABKDN A AT i i = i 4
W, AR A S . PR, 232 ma i e v
Py WEE R mBRNE S, S)a%:
TAEthAR TR E Db

AR, BEE AR TR S
NTERE. o FEEFLZRH BN T 0SCCH
ARILHEFL, 207 RLoRFh 1 840 I 5 B SR BR A
H 238 T XTOSCCHAM 2 RHE I 21 1 f# . SunZgH)
SXof 8451 11 M figf s J 9 28 23 e 55 2H bR At 47 4 1)
Wy, SAIE T IR R AL S B i ——2-
il 1 —R-5- AU 4 i 2(2-oxoglutarate 5-dioxygenase
2, PLOD2)H)_LiM 5 WA IG5 . FeRe A o8,
SRAN TR I B AR TG ¥ SR A g 1 A7 A
BB . Nagasaki®s A48 1 AE 5 R v g KB 4]
K Ab B SR H A SO 2 2 DR A = 2 v 0 7
FBINE 6 RY. Huang g F 4 Rk IR B 2
SRR 12 iEREAT T T T, WA T
FARBE . ERKIVE, FTWREEIMANTE
RE RF D 54 i I S o> B 3R O B A BOR
SCHE

4 BRESRE

HA R PR E )2 M T OSCCHE AL, N
BATVEIL T OSCCHH M 57 5 14 44t M 7.4 53 A0 22
P R AR A 15 o) o 2L 4D S i e 4T T R LA
ML, BT F4A 201 0SCCiz Wi Al TG b &
V), ¥HFE T OSCCHIRIT TR . BEHE I TIRES )
MANTHERE. = FEEHEARMKE, SCSHIMT
WER AW S, WP AR AR, iR
W R, FERPE A, WEMREBEARIRSE. X
¥ INAROSCCHH A L H 1)k e, e AH ST 72
BRI AL, NP OSCCASTEAL K i B2 97 R i
Felli o

S

[1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J
Clin, 2021, 71(3): 209-249


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660

- 214 -

CEMLEY 2024524485218

(4]

(10]

[11]

[12]

[15]

[16]

Johnson DE, Burtness B, Leemans CR, et al. Head and
neck squamous cell carcinoma. Nat Rev Dis Primers,
2020, 6(1): 92

Papalexi E, Satija R. Single-cell RNA sequencing to
explore immune cell heterogeneity. Nat Rev Immunol,
2018, 18(1): 35-45

Wang W, Adeoye J, Thomson P, et al. Multiple tumour
recurrence in oral, head and neck cancer: characterising
the patient journey. J Oral Pathol Med, 2021, 50(10): 979-
984

Hwang B, Lee JH, Bang D. Single-cell RNA sequencing
technologies and bioinformatics pipelines. Exp Mol Med,
2018, 50(8): 1-14

Bonin S, Stanta G. Pre-analytics and tumor heterogeneity.
New Biotechnol, 2020, 55: 30-35

Liu X, YiJ, Li T, et al. DRMref: comprehensive reference
map of drug resistance mechanisms in human cancer.
Nucleic Acids Res, 2024, 52(D1): D1253-D1264

Stuart T, Satija R. Integrative single-cell analysis. Nat Rev
Genet, 2019, 20(5): 257-272

Lei Y, Tang R, Xu J, et al. Applications of single-cell
sequencing in cancer research: progress and perspectives.
J Hematol Oncol, 2021, 14(1): 91

PR, R, ST S iR TS k. )
ZEAE 2022, 20(2): 91-99

Gross A, Schoendube J, Zimmermann S, et al. Technol-
ogies for single-cell isolation. Int J Mol Sci, 2015, 16(8):
16897-16919

Lohani V, A.r A, Kundu S, et al. Single-cell proteomics
with spatial attributes: tools and techniques. ACS Omega,
2023, 8(20): 17499-17510

Adan A, Alizada G, Kiraz Y, et al. Flow cytometry: basic
principles and applications. Crit Rev Biotechnol, 2017, 37
(2): 163-176

Zhou W, Yan Y, Guo Q, et al. Microfluidics applications
for high-throughput single cell sequencing. J Nanobio-
technol, 2021, 19(1): 312

Vijg J, Dong X. Pathogenic mechanisms of somatic
mutation and genome mosaicism in aging. Cell, 2020, 182
(1): 12-23

Zhou X, Xu Y, Zhu L, et al. Comparison of multiple
displacement amplification (MDA) and multiple annealing
and looping-based amplification cycles (MALBAC) in
limited DNA sequencing based on tube and droplet.
Micromachines, 2020, 11(7): 645

L, BRRK, E37 77, 55 SR T OARTE MR AR G
AT AN ST R . BRI, 2022, 42(4):
691-698

Lu N, Qiao Y, An P, et al. Exploration of whole genome

amplification generated chimeric sequences in long-read

[19]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

[27]

(28]

(29]

(31]

(32]

sequencing data. Brief Biolnf, 2023, 24(5): bbad275
Yaldiz B, Kucuk E, Hampstead J, et al. Twist exome
capture allows for lower average sequence coverage in
clinical exome sequencing. Hum Genomics, 2023, 17(1):
39

Li N, Jin K, Bai Y, et al. Tn5 transposase applied in
genomics research. Int J] Mol Sci, 2020, 21(21): 8329
Xing D, Tan L, Chang CH, et al. Accurate SNV detection
in single cells by transposon-based whole-genome ampli-
fication of complementary strands. Proc Natl Acad Sci
USA, 2021, 118(8): €2013106118

Salmen F, De Jonghe J, Kaminski TS, et al. High-
throughput total RNA sequencing in single cells using
VASA-seq. Nat Biotechnol, 2022, 40(12): 1780-1793
Chen G, Ning B, Shi T. Single-cell RNA-seq technologies
and related computational data analysis. Front Genet,
2019, 10: 317

Lin C, Li Y, Chu Y, et al. Single-cell discovery of the
scene and potential immunotherapeutic target in hypo-
pharyngeal tumor environment. Cancer Gene Ther, 2022,
30(3): 462

HORE, KA, OOR, S SRR BRI
WRFER BRI, P E AR A Y A, 2022, 44(9):
1801-1811

Reed ER, Jankowski SA, Spinella AJ, et al. -catenin/CBP
activation of mTORCT1 signaling promotes partial epithe-
lial-mesenchymal states in head and neck cancer. Transl
Res, 2023, 260: 46-60

Zandberg DP, Tallon LJ, Nagaraj S, et al. Intratumor
genetic heterogeneity in squamous cell carcinoma of the
oral cavity. Head Neck, 2019, 41(8): 2514-2524

Xiao Z, Dai Z, Locasale JW. Metabolic landscape of the
tumor microenvironment at single cell resolution. Nat
Commun, 2019, 10(1): 3763

Chen H, Sameshima J, Yokomizo S, et al. Expansion of
CD4+ cytotoxic T lymphocytes with specific gene
expression patterns may contribute to suppression of
tumor immunity in oral squamous cell carcinoma: single-
cell analysis and in vitro experiments. Front Immunol,
2023, 14: 1305783

Hu S, Lu H, Xie W, et al. TDO2+ myofibroblasts mediate
immune suppression in malignant transformation of
squamous cell carcinoma. J Clin Invest, 2022, 132(19):
e157649

Chen H, Liu X, Yao F, et al. Identification of metabolic
signatures related to metastasis and immunotherapy
resistance in oral squamous cell carcinoma. Am J Transl
Res, 2023, 15(1): 373-391

Huang LY, Hsiech YP, Wang Y, et al. Single-cell analysis

of different stages of oral cancer carcinogenesis in a


https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.1038/nri.2017.76
https://doi.org/10.1111/jop.13182
https://doi.org/10.1038/s12276-018-0071-8
https://doi.org/10.1016/j.nbt.2019.09.007
https://doi.org/10.1093/nar/gkad1087
https://doi.org/10.1038/s41576-019-0093-7
https://doi.org/10.1038/s41576-019-0093-7
https://doi.org/10.1186/s13045-021-01105-2
https://doi.org/10.3390/ijms160816897
https://doi.org/10.1021/acsomega.3c00795
https://doi.org/10.3109/07388551.2015.1128876
https://doi.org/10.1186/s12951-021-01045-6
https://doi.org/10.1186/s12951-021-01045-6
https://doi.org/10.1016/j.cell.2020.06.024
https://doi.org/10.3390/mi11070645
https://doi.org/10.1093/bib/bbad275
https://doi.org/10.1186/s40246-023-00485-5
https://doi.org/10.3390/ijms21218329
https://doi.org/10.1073/pnas.2013106118
https://doi.org/10.1073/pnas.2013106118
https://doi.org/10.1038/s41587-022-01361-8
https://doi.org/10.3389/fgene.2019.00317
https://doi.org/10.1038/s41417-022-00567-x
https://doi.org/10.1016/j.trsl.2023.05.007
https://doi.org/10.1016/j.trsl.2023.05.007
https://doi.org/10.1002/hed.25719
https://doi.org/10.1038/s41467-019-11738-0
https://doi.org/10.1038/s41467-019-11738-0
https://doi.org/10.3389/fimmu.2023.1305783
https://doi.org/10.1172/JCI157649

O, S AN BORAE D SR A e B S R A S

- 215 -

(33]

[34]

[35]

[36]

[38]

[39]

[40]

mouse model. Int J Mol Sci, 2020, 21(21): 8171

Wang Z, Zhang H, Zhai Y, et al. Single-cell profiling
reveals heterogeneity of primary and lymph node meta-
static tumors and immune cell populations and discovers
important prognostic significance of CCDC43 in oral
squamous cell carcinoma. Front Immunol, 2022, 13: 843322
Huynh NCN, Huang TT, Nguyen CTK, et al. Compre-
hensive integrated single-cell whole transcriptome analy-
sis revealed the p-EMT tumor cells—CAFs communication in
oral squamous cell carcinoma. Int J Mol Sci, 2022, 23(12):
6470

Peng Y, Xiao L, Rong H, et al. Single-cell profiling of
tumor-infiltrating TCF1/TCF7+ T cells reveals a T
lymphocyte subset associated with tertiary lymphoid
structures/organs and a superior prognosis in oral cancer.
Oral Oncol, 2021, 119: 105348

Xie SL, Fan S, Zhang SY, et al. SOX8 regulates cancer
stem-like properties and cisplatin-induced EMT in tongue
squamous cell carcinoma by acting on the Wnt/B-catenin
pathway. Intl J Cancer, 2018, 142(6): 1252-1265

Silva Galbiatti-Dias AL, Fernandes GMM, Castanhole-
Nunes MMU, et al. Relationship between CD44high/
CD133high/CD117high cancer stem cells phenotype and
cetuximab and paclitaxel treatment response in head and
neck cancer cell lines. Am J Cancer Res, 2018, 8(8): 1633-
1641

Varun BR, Jayanthi P, Ramani P. Cancer stem cells: a
comprehensive review on identification and therapeutic
implications. J Oral Maxillofac Pathol, 2020, 24(1): 190

Tao W, LiJuan Z, Kan L, et al. The microenvironment of
tongue cancer. Adv Exp Med Biol, 2020, 1296: 49-78

Agrawal A, Lasli S, Javanmardi Y, et al. Stromal cells

[41]

[42]

[43]

[46]

[47]

[48]

regulate mechanics of tumour spheroid. Mater Today Bio,
2023, 23: 100821

Dong L, Sun Q, Song F, et al. Identification and
verification of eight cancer-associated fibroblasts related
genes as a prognostic signature for head and neck
squamous cell carcinoma. Heliyon, 2023, 9(3): ¢14003
Kato K, Miyazawa H, Kawashiri S, et al. Tumour:
fibroblast interactions promote invadopodia-mediated
migration and invasion in oral squamous cell carcinoma.
J Oncol, 2022, 2022: 5277440

Chattopadhyay T, Gupta P, Nayak R, et al. Genome-wide
profiling of dysregulated piRNAs and their target genes
implicated in oncogenicity of tongue squamous cell
carcinoma. Gene, 2023, 849: 146919

Bhutia SK, Naik PP, Praharaj PP, et al. Identifcation and
characterization of stem cells in oral cancer. Methods Mol
Biol, 2019, 2002: 129-139

Cui Y, Cheng Y, Huang W, et al. A novel T-cell
proliferation-associated gene predicts prognosis and
reveals immune infiltration in patients with oral squamous
cell carcinoma. Arch Oral Biol, 2023, 152: 105719

Sun Y, Wang S, Zhang X, et al. Identification and
validation of PLOD2 as an adverse prognostic biomarker
for oral squamous cell carcinoma. Biomolecules, 2021, 11
(12): 1842

Nagasaki M, Sekiya Y, Asakura A, et al. Design and
implementation of a hybrid cloud system for large-scale
human genomic research. Hum Genome Var, 2023, 10(1):
6

Huang Z, Johnson TS, Han Z, et al. Deep learning-based
cancer survival prognosis from RNA-seq data: approaches
and evaluations. BMC Med Genomics, 2020, 13(S5): 41


https://doi.org/10.3390/ijms21218171
https://doi.org/10.3389/fimmu.2022.843322
https://doi.org/10.3390/ijms23126470
https://doi.org/10.1016/j.oraloncology.2021.105348
https://doi.org/10.1002/ijc.31134
https://doi.org/10.4103/jomfp.JOMFP_336_19
https://doi.org/10.1016/j.mtbio.2023.100821
https://doi.org/10.1016/j.heliyon.2023.e14003
https://doi.org/10.1016/j.gene.2022.146919
https://doi.org/10.1016/j.archoralbio.2023.105719
https://doi.org/10.3390/biom11121842
https://doi.org/10.1038/s41439-023-00231-2
https://doi.org/10.1186/s12920-020-0686-1

