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[Abstract] Objective To construct an autophagy related gene (ARG) risk prediction model for oral squamous cell
carcinoma (OSCC) using the cancer genome atlas (TCGA) database. Methods  Screening ARG differentially expressed in OS—
CC based on TCGA database. The single factor Cox analysis, Lasso regression analysis and multi factor Cox analysis were con—
ducted to construct the ARG risk prediction model. The ARG risk prediction model was divided into high and low risk groups
according to the median of the model risk score (RS). The survival difference between groups was evaluated by Kaplan Meier.
Univariate and multivariate Cox analysis examined the role of the model in predicting prognosis, the accuracy of the model was
evaluated by the receiver operating characteristic curve (ROC), and finally the correlation between the model and clinical patho—
logical characteristics was analyzed. Western blot was used to verify the expression of gene BAK1 in OSCC. Results A total
of 37 differentially expressed ARGs were screened by OSCC (FDR <0.05, | logFC | >1). Single factor Cox analysis, Lasso re—
gression analysis and multivariate Cox analysis screened FADD, NKX2-3, and BAKI as prognostic related differences to ex—
press ARG for the construction of risk prediction model, that is, RS = (1.558 5 x FADD) +( -0.557 8 x NKX2-3) +( 1.547
1 x BAKI) . Kaplan-Meier survival analysis showed that the 5-year survival rate of high—risk group was lower than that of

low-risk group (P <0.001). Cox analysis of single factor and multiple factors showed that the predictive model was effective
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and independent of other clinical factors (P <0.001). The ROC curve results showed that the area under the curve for diagno—

sing the prognosis of OSCC was 0.614. The RS of the model was increased in higher T stage and older age (P <0.05). Western

blot results showed that the expression of BAKI protein in OSCC cancer tissues was higher than that in adjacent tissues (¢ =3.
197, P=0.033). Conclusion The risk prediction model based on FADD, NKX2-3, BAKI and other three ARGs can be used
as a biomarker to predict the prognosis of OSCC patients, which is helpful for individualized diagnosis and treatment of pa—

tients with different risks.

[Key words] Oral squamous cell carcinoma; Autophagy-related genes; Risk prediction model; Prognosis

1 i 1% IR 20 )@ 988 ( oral squamous cell carcinoma,
0SCC) 29 5 3 B 19 90% ™ o H Hif s PR v 22 137 1 i
TN B 25 3 A 3R B ok E Al OSCC A8 35 1 13
J5 A B MG B B2 R B R RE R
BBy 9GR8 DRYR T AN AT THT I 2 e % 1 XL
W L 3 R I PR 22 S8k L AT L e R AT 45
i, OSCC i AE i A= Wb 75 FE T3P AG B 5 1 T

WA 2 PN RS 1Y SR, SR T 9 rh i i e L
I 5 A B TR i e A m A R T e A
PR A RE kRN S B I 3 s = . BT A R
Siaad T [ AR AL 5 OSCC -5 IR 7 Rk
{EA 5T = B4 T [ W AH OC L [A] ( autophagy related
gene, ARG) 1 OSCC & JE sl y7 i i T, ik = 38 it
KB LU E ARG vha] BT 1Ll 0SCC i
TS E VAR S o A 584 I 0E DR 21 K13 ( the
cancer genome atlas, TCGA) %{4g £ tf OSCC #H>% ARG
PR R 5 RS BRARRAE S TS B AR 25 G, R 5%
ARG JXU: F 0 45 70 78 OSCC. T J v+ 985 £ 119 11 PR 17 )
WA, HGEINT .

1 #EBEFE

L1 BdEiREU S 08 ARWF5E 0 R KA 80 b
BEAGE T I3 Hre N TCGA B4 e rp 3k 31 i 501 431
OSCCHEAFI 44 151 96 55 FE A 1) RNA-seq B 4. 1E
OSCCHEA T 498 i H A 56 % 1) 5 £ bl , 432 1) B A
SERE AP ) A TR O AR BE S iR 0 A T 318
B4l . 11T Ensembl $#2 £t 1% “Homo_sapiens. GRCh38.
104. chr. gif. gz” SCHFAT I A FRIERE -

1.2 225355k ARG Wyfiie M HADD %dfa 2 3R
N ARG F[H 3232 4>, limma £ L) FDR <0.05 Flllog—
FCI > 1 Oy 5 /0 1% H RNAseq X0UHi o 22 5 A HY
ARG. ClusterProfiler. Org. Hs. eg. db. Enrichplot Fll Gg—
plot2 17 HE K AR IE ( gene ontology , GO) Fl 5T #f i [l
H5HRKH G R4 45 ( Kyoto encyclopedia of genes and ge—
nomes , KEGG) & £ 73 #7, LA p. adjust F1 qvalue ] <
0.05 K 5 K 25 57 3235 ARG 1 F B A YA 1F -
1.3 WM EREL ARG WifE 2454 0SCC

2E53%1K ARG RIS 4 , Survival 47 BLIA R Cox
MR HE P <0.05 Ay %E i — 2D W H Glmnet 325 A
Lasso [B[J970#T, LLA RN RIS E0W B 9. J5 PR
il id Survival (XS LA S5 RATZ KK Cox 43 Hr i 1€ H!
PR HHICHY 22 7 3K ARG

L4 WS TENACR AR e 5 o0 B B6 T BUR A OG22
SRIE ARG 1 3 3K 2 Hiowh) i XU 0 452 74 1) 9 43

( risk score,RS) : RS = 3, n ! [( expGene) i x coefi ], coef
1=

REFEHTEZ KR Cox [543 H H 9 18 )4 F 4L, exp—
Gene ] FiR i, n AR PRI R - HURS 1)
AL EOK OSCC HR - 73 v AR XUK: 25, Survival F
Survminer £ 1T Kaplan-Meier 4= 7% 43 #fr PEAil 28 8] /8
JG2E5¢ . Survival AT R M ZHF Cox 73 HriTAL
FERS b 7P o SurvivalROC 4122 i B AU (1) 223804 T
YE 45 AF il £k ( receiver operating characteristic curve,
ROC) , I+ £k T i fH( area under curve, AUC) 3
Al 5 1% Gellfs RS BRAFAE AR LU SR RS W I it — 2
I ] Beeswarm 13,73 B7 45 B4 55 i PR g BURRAIE 1) A AH OC
P P<0.05 JEFHAGII#E L.
1.5 Western-blot BiFAR B b 3L K AE OSCC 9 F 1k
PRI BRI 5E i oA ) W ABE 780 v BAK 7E OSCC R 3R
ETEUL, B Western-blot 45 0 BAK1 45 (5 7E OSCC
HERIA . IR 2021 4E 7 H—2022 4 1 L EFR
AP DU BE e 1t A bR T ARG 7Y OSCC R %%
17 f51] 1) i 20 23 K2 AR B 98 55 20 SR A (B i 98 34
% >2.0 cm) , HARJF W ELUESE Ry OSCC FlIE & 4 4.
T Ay SR AR FT R EESZART IR AR DGR - AP E
It BRSPS G123 W4 ( 2020KY283) |, & H N KR
By ) T2 2 A TR 45
RIPA 2L ( 2 = KA ) #RICHZUE 1, BCA
A AR FE N R & (s R A]) W B R
10% SDS-PAGE 43 & & H, ¥ & A % & PVDF Jif,
FHE 5% WERG R 0 35 P W I PYDF IR, 25 R R
E42 ho PVDF iz il F —4$t( BAKL, 1: 2 000; B—
actin, 1: 5 000, Affinity 23 7)) B EF R ,4C BHE IR
Wk Z & — P, PVDF 3 T HRP 45 id — it



* 62 BEMET 4R 2023 4E 1 A5 22 45 1 B Chin ] Diffic and Compl Cas, January 2023, Vol. 22,No. 1

(1:50 000, RO A8 Y TG RAR) E W,
3TCHIRIEE 2 he YL 2R 24, OB HiH
BandScan 43#7 s 7 K BE AR, MR B AR 2 1R 2 5500
FY K BE A 2 bb 1 58 4H X 3R 8 e 45 2R W ] Graph
Prism {4447 ¢ K994, LA P <0.05 2% HA 50T
2 % R

2.1 OSCC JZ&5733Eik ARG fIffidt 78 RNA-seq %X
b i 5t 1Y EIF4EBPI . BAK1 . RGS19. HIF1A. CTSL.
VMP1 . SPNSI. TNFSF10. TP63. BID. VEGFA. SPHKI .
EGFR. SERPINA1. DDIT3. EIF2AK2. ITGB4. ITGA3.
APOL1. IRGM. BIRC5. FADD. ITGA6. IFNG. NRGI .
1124 .CDKN2A 4 27 4~ % ARG F1 NRG2. NRG3.
MAPILC3C. PRKN. HSPBS. CCL2. FOS. TP53INP2.
PTK6.NKX23 45 10 4~ F i ARG( FDR <0.05, | logFC
| >1) (Bl 1AB) o FiZEATHAL T LR EE K 7E 0SCC

FEE A TP RIA (B 10) .

2.2 5K ARG WEESNT  ZERRIK ARG [
GO &4 AR B, 2 K [ WA AL A4 2 4 27
(K 2A) o KEGG W AR I, 290 K 4 i i
- K N E 40 155 2 ( human cytomegalovirus, HCMV) I
NFLI AR 5% % ( human papillomavirus,, HPV) Jgk 4y ¢
wAe( K 2B) o

2.3 WS AR F 25K ARG Y571k 55 XURS: T ) 45 764
R G If OSCC 22 5 £ 3K8 ARG FITLS £ 4l 5
FTEAIER Cox J3HT kAT 6 455 P <0.05 1Y ARG, {3,
15 FADD. NKX2-3. ITGA6. CTSL. BAKI1. ITGA3 (
3A) o YE—2iE i Lasso [543 ( K 3B.C)
% Cox /347 ( [ 3D) ik i FADD.NKX2-3.BAK1 fE
RGO 25 S Fe ik ARG, FH T XU T3 0 A5 750 14 #4g
. BP RS =(1.558 5 x FADD) + ( -0.557 8 x
NKX23) +(1.547 1 x BAK1) ,

VE: ANC.37 22K ARG IOFRIAT I B. 225 963K ARG I, 20 608 L34 @0 T I S o T2 5t
1 2253k ARG 1fifi i

Fig.1 Screening of ARG for difference expression
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Fig.2 Enrichment analysis of differential expression ARG
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Fig.3 Prognostic related differences express the risk prediction model of ARG
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Fig. 6  Western blot to detect the expression of BAK1 protein
in OSCC

B ILE OSCC 3% , ik 0 245 5L IR BOHE 43 W 45 St —
L AE T BAKL 76 OSCC it g3ik. FADD fii TA
11q13.3 Syetafk, i 11q13. 3 Jeta ik bl & BlE £
FiasE i1 o AR A O A T HE I 3k B
JEH FADD AJRE 2 OSCC f A K 2%, 33 4 00 76 L
FERBFE T 8 3 T IESE ™ R W T FADD 78
0SCC Hri Bk B e e 4 AL 36 1 rhoid ik
I FLS5 4 R I PR 23309 R0k L 285 0 R AR O, 0T A
HRTSIEF: 22—« NKX23 E H ks 780 oo o — oy {3
PR AT TS TR R A L &
AR NKX23 75 s W s 68 5 A IR J2 T A

SRS e s S v S W o R (B E Py N 7 D s
ik MAACAMA , i MAACAMA ] @ i 25 & A % 47
T L 2R 0 U0 U 40 A ) 8 2 86 B 2 2 e DG B
FN . ABEFC W, NKX23 ] ] MAPK 3 B 5f )
HI 225 i 9 200 R T 0 L ) 26 1T AR IE SR B B
i 3 A4 v 23R ) NKX2-3 A] fig s OSCC 3 e iy 41
il A2 (5 H A #F9E i t qRT-PCR FlH s 4H AL 55
i T e OSCC AR GA 1Y HLARAE AL 14 15 i
— .

g5 LTk, A WE9EIE i XF TCGA %44 % v 0SCC
FHOCHY ARG e s A5 B Kl PR BHARE 1T 0 10/ 254k i
7508, Ik By FADD.NKX23.BAK1 22 3 55
FHOGZE 535K ARG, R4 2 Ay XSS T I 452 280 W] A7 800 Aly
OSCCERH TG - HMF 5T ¥ A7 76 WSS AU 55 78 HL A BA
G b AT B K R S 6 ) B R AR 4 AL ) 4 Ry BR
TEAHIESE (S 7T Ry ARl PR b % A [] JUR: 1 OSCC
S SN2 T SR A 0 SR
2R B FrA 1R 75 WO 5 vh e
fEE Rk A

EARAL: TR A FT i IR g s 1 SUR Y B LAk
SIHTIRIS B 18 OIS R 7 BORHE AR, S ATl e 4k
s 06 Z B RIS e SCB G B TR T R,
WICH
S Tk

[1] Bugshan A,Farooq L Oral squamous cell carcinoma: metastasis, po—
tentially associated malignant disorders, etiology and recent advance—
ments in diagnosis [J]. F1I000Res,2020,9: 229. DOL: 10. 12688/
£1000research. 22941. 1.

[2] Du E,Mazml AL, Farquhar D, et al. Long4erm survival in head and
neck cancer: Impact of site, stage, smoking, and human papilloma—
virus status [J . Laryngoscope, 2019, 129 ( 11) : 25062513. DOI:
10. 1002 /lary. 27807.

(3] W&, R, T, & BIE TS [ AR P R B g

JE [J]. %8 MG 2 75,2019, 18 ( 12) : 12844287, 1292. DOI: 10.
3969 /j. issn. 1671-6450.2019. 12.023.
Peng X, Fang CC,Xu YM,et al. Research progress of iron death and
autophagy in diseases [J]. Chinese Journal of Difficult and Compli—
cated Cases, 2019, 18 ( 12) : 12844287, 1292. DOIL: 10. 3969 /j.
issn. 1671-6450.2019. 12. 023.

[4] Zhu XG, Chudnovskiy A, Baudrier L, et al. Functional genomics in
vivo reveal metabolic dependencies of pancreatic cancer cells [J].
Cell Metab,2021,33 (1) : 211221. DOI: 10. 1016/j. cmet. 2020.
10.017.

[5] Kenific CM, Thorburn A, Debnath J. Autophagy and metastasis: An—
other double-edged sword [J]. Curr Opin Cell Biol,2010,22(2):
241-245. DOL: 10. 1016 /j. ceb. 2009. 10. 008.

[6] PoilletPerez L, White E. Role of tumor and host autophagy in cancer
metabolism [J]. Genes Dev, 2019,33( 1142) : 610-619. DOI: 10.



* 66

BEXERRZ4 AR 2023 4E 1 HE5 22 %55 1 #]  Chin J Diffic and Compl Cas, January 2023, Vol. 22,No. 1

1101/gad. 325514. 119. sis [J]. Cancers, 2020, 12 ( 9): 2393. DOI: 10. 3390/canc—

[7]  Fitzwalter BE, Towers CG, Sullivan KD, et al. Autophagy inhibition ers12092393.
mediates apoptosis sensitization in cancer therapy by relieving [14]  JEIng & - F SUNCEE 11 93 v A 7 FH B RIF T 2k i (] S i 4
FOXO03a turnover [J]. Dev Cell,2018,44( 5) : 555-565. DOI: 10. 7,2022,21(3) :329-332. DOL: 10. 3969 /j. issn. 1671-6450. 2022.
1016/j. devcel. 2018.02. 014. 03.026.

[8]  Cobbs C. Cytomegalovirus is a tumor-associated virus: armed and Zhou MF. Application and research progress of metformin in oral
dangerous [J] . Curr Opin Virol, 2019,39: 49-59. DOL: 10. 1016/j. cancer [J]. Chin J Diffic and Compl Cas, 2022,21( 3) : 329-332.
coviro. 2019. 08. 003. DOI: 10. 3969 /j. issn. 1671-6450.2022. 03. 026.

(9]  Tumban E. A current update on human papillomavirus-associated [15] Vojkovics D, Kellermayer Z, Kajtar B, et al. Nkx2-3-A slippery slope
head and neck cancers [J]. Viruses, 2019,11( 10) : 922. DOI: 10. from development through inflammation toward hematopoietic malig—
3390/v11100922. nancies [J ] . Biomark Insights, 2018 ,13: 1177271918757480. DOI:

[10]  Fujiki Y, Abe Y,Imoto Y,et al. Recent insights into peroxisome bio— 10. 1177 /1177271918757480.
genesis and associated diseases [J]. J Cell Sci, 2020, 133(9): [16] Biben C, Wang CC, Harvey RP. NK2 class homeobox genes and
jes236943. DOL: 10. 1242 /jes. 236943. pharyngeal /oral patterning: Nkx2-3 is required for salivary gland and

[11]  Marin-Rubio JL, Vela-Martin L, Fernandez-Piqueras J, et al. FADD tooth morphogenesis [J] . Int J Dev Biol ,2002 ,46( 4) : 415-422.
in cancer: mechanisms of altered expression and function, and clini— (17] by 5R%E R FK 2, 4. NI IEIR NKX23 A kAR 1
cal implications [J]. Cancers,2019,11( 10) : 1462. DOI: 10. 3390/ ey e R Xk e 400 A K R T (D). A W R i iR, 2015, 26
cancers11101462. (4) :489492. DOL: 10. 3969 /j. issn. 1009-0002. 2015. 04. 009.

(12] Eytan DF,Snow GE, Carlson S, et al. SMAC mimetic birinapant plus Feng YY,Guo J, Liu JH, et al. Construction of eukaryotic expression
radiation eradicates human head and neck cancers with genomic am— vector of human tumor suppressor gene NKX2-3 and its effect on
plifications of cell death genes FADD and BIRC2 [J]. Cancer Res, tumor cell growth [J]. Letters in Biotechnology , 2015, 26( 4) : 489—
2016, 76 ( 18): 5442-5454. DOIL: 10. 1158/0008-5472. CAN- 492. DOI: 10. 3969 /j. issn. 1009-0002. 2015. 04. 009.

153317. [18] Zhu L,Yan D,Chen Y, et al. The identification of autophagy-related

[13] Gonzalez-Moles MA , Ayén A, GonzdilezRuiz 1, et al. Prognostic and genes in the prognosis of oral squamous cell carcinoma [J]. Oral Dis,
clinicopathological significance of FADD upregulation in head and 2020,26( 8) : 16594667. DOI: 10. 1111 /odi. 13492.
neck squamous cell carcinoma: A systematic review and meta-analy— ( sk H #2022 - 08 -05)

(L453 W) 00221-8.

[8] Zhang D, Yang Y, Liang C, et al. poFUTI promotes uterine angio— [12]  Ulisse S,Baldini E,Sorrenti S,et al. The urokinase plasminogen activator
genesis and vascular remodeling via enhancing the O-fucosylation on system: A target for anti-cancer therapy [J]. Current Cancer Drug Tar—
uPA [J]. Cell Death & Disease,2019,10( 10) : 775. DOI: 10. 1038/ gets,2009,9( 1) : 32-71. DOL: 10.2174/156800909787314002.
541419-0192005-3. [13] Su S,Lin C,Yang W, et al. The urokinase-type plasminogen activator

9] LiX, Buckley B, Stoletov K, et al. Roles of the Na/H exchanger iso— (uPA) system as a biomarker and therapeutic target in human malig—
form 1 and urokinase in prostate cancer cell migration and invasion [J]. nancies [J]. Expert Opinion On Therapeutic Targets,2016,20( 5) :
International Journal of Molecular Sciences,2021,22( 24) : 13263. 551-566. DOI: 10. 1517/14728222.2016. 1113260.

DOI: 10. 3390 /ijms222413263. [14] {524, IncRNA _LINC00200 7 B f i J& v (4 1 FH B ML i iF

[10]  Moirangthem A, Bondhopadhyay B, Mukherjee M, et al. Simultane— 72 [D]. F5RMH: F K 2%, 2019.
ous knockdown of uPA and MMP9 can reduce breast cancer progres— [15] Suarez-Carmona M, Lesage J, Cataldo D, et al. EMT and inflamma-
sion by increasing cell-cell adhesion and modulating EMT genes [J] . tion: inseparable actors of cancer progression [J]. Molecular Oncolo—
Scientific Reports,2016,6:21903. DOT: 10. 1038 /srep21903. gy»2017,11(7) : 805-823. DOL: 10. 1002 /1878-0261. 12095.

[11] Zhang C, Zhang G, Sun N, et al. An individualized immune signa— [16] Wang H, Lin Y, Hsu C, et al. Pancreatic stellate cells activated by

ture of pretreatment biopsies predicts pathological complete response
to neoadjuvant chemoradiotherapy and outcomes in patients with
esophageal squamous cell carcinoma [J]. Signal Transduction and

Targeted Therapy, 2020, 5 ( 1) : 182. DOI: 10. 1038 /s41392-020-

mutant KRAS-mediated PAIH upregulation foster pancreatic cancer
progression via IL-8 [J]. Theranostics, 2019,9 ( 24) : 71687183.
DOI: 10. 7150 /thno. 36830.

( YR H #H: 2022 - 08 - 12)



