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[Abstract] Objective To explore the value of an oral squamous cell carcinoma (OSCC) diagnostic model construct-
ed by using principal component analysis (PCA) to analyze a database of differentially expressed genes in OSCC and to
provide a reference for clinical diagnosis and treatment. Methods RNA-seq expression data of OSCC and normal con-
trol samples were obtained from The Cancer Genome Atlas (TCGA) database, and then, normalized and differentially ex-
pressed genes (DEGs) were identified by R software. DEGs were enriched by Gene Ontology (GO) and Kyoto Encyclope-
dia of Genes and Genomes (KEGG) analysis to identify their main biological characteristics. 70% of DEGs expression
data in RNA-seq were randomly selected as the training set and 30% were selected as the test set. Then, the PCA meth-
od was applied to analyze the training set data and extract the principal components (PCs) related to the diagnosis of OS-
CC in order to construct a PCA model. Then, the receiver operating characteristic (ROC) curves of PCA models in the
training set and the test set were respectively drawn, and the area under curve (AUC) was calculated to evaluate the ac-
curacy of the PCA model in the diagnosis of OSCC. Results RNA-seq expression data of OSCC and normal control
samples obtained from TCGA database included 330 samples and 32 samples, respectively. Using false discovery rate
(FDR) <0.001 and llog2 fold changel (llog2FCl) >4 as the thresholds, a total of 159 downregulated and 248 upregulated
DEGs were identified, which were mainly enriched in cellular components such as intermediate fiber and melanosomal
membrane, pigment and salivation-related biological processes and mainly involved in salivary secretion and tyrosine me-
tabolism pathways (P.adjust<<0.05 and 0 <<0.05). The DEGs were proposed as tumor markers for OSCC, and PCA analy-
sis of the training set showed that the cumulative ratio of variance of PC1, PC2 and PC3: [including submaxillary gland
androgen regulated protein 3B (SMR3B), proline rich 27 (PRR27), histatin 3 (HTN3), statherin (STATH), cystatin D
(CST5), BPI fold containing family A member 2 (BPIFA2), proline rich protein Hae Il subfamily 2 (PRH2), keratin 35
(KRT35), histatin 1 (HTN1), amylase alpha 1B (AMY1B)] were 0.873, 0.100 and 0.023, respectively, and the total weight
of the three was 0.996. The PCA diagnostic model of OSCC was further constructed by combining the eigenvectors of the
above three components. The ROC curves of the training set and test set showed that the AUC values of the PCA model
were 0.852 and 0.844, respectively, which were higher than those of other single genes. Conclusion The OSCC diag-
nostic model based on the expression levels of SMR3B, PRR27, HTN3, STATH, CSTS, BPIFA2, PRH2, KRT35, HTN1
and AMY 1B constructed with the PCA method and DEGs has a high diagnostic advantage. This study provides a theoreti-
cal basis for the early genetic diagnosis of OSCC and the application of the PCA model in clinical diagnosis.

[Key words] oral squamous cell carcinoma; differentially expressed genes; tumor markers; early diagnosis;
genetic diagnosis; principal component analysis;  diagnostic model;  bioinformatics
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A total of 159 downregulated DEGs (green dots) such as HTN1, PRR27, HTN3,

15 BPIFA2, CST5 and PRH2 and 248 upregulated DEGs (red dots) such as MA-
GEA10, BRDT, G2E3, SATL1, FAR2P1 and CALBI1 were identified. DEGs:
differentially expressed genes; OSCC: oral squamous cell carcinoma; HTN1:

= 10+ histatin 1; PRR27: proline rich 27; HTN3: histatin 3; BPIFA2: BPI fold contain-
2 ?iﬁff‘j‘fgam ing family A member 2; CSTS: cystatin D; PRH2: proline rich protein HaelIl
% 1o subfamily 2; MAGEA10: MAGE family member A10; BRDT: bromodomain tes-
"5 tis associated; G2E3: G2/M-phase specific E3 ubiquitin protein ligase; SATL1:
spermidine/spermine N1-acetyl transferase like 1; FAR2P1: fatty acyl-CoA re-
ductase 2 pseudogene 1; CALBI1: calbindin 1
ol Figure I  Volcano map of DEGs distribution in OSCC
o s 0 Bl 1 0SCC ' DEGs 437 ffy kL [&]
10g2FC
Retina homeostasis o
Developmental pigmentation ( ]
Saliva secretion o i §03uﬂl
Melanin biosynthetic process . é r
Melanin metabolic process . :2 GO: gene ontology; DEGs: differentially expressed
® mRNAs; P. adjust <0.05 and Q < 0.05
Intermediate filament ® P'a(:)j':;ll Figure 2 GO enrichment analysis of DEGs
Melanosomne membrare | » A Igfgg 2 DEGs GO & &4
- ®o.04
Chitosome [ ©
Pigment graule membrane | ©
0.02 0.03 0.04
GeneRatio
Salivary secretion [ ] Count
é%; KEGG: Kyoto Encyclopedia of Genes and Ge-
:g nomes; DEGs: differentially expressed mRNAs.
Tyrosine metabolism | © ®9 P. adjust < 0.05 and Q < 0.05
Eadjust Figure 3 KEGG pathway enrichment anal-
Iggé ysis of DEGs
Starch and sucrose metabolism ' B3 DEGsHJKEGG i & i
0.04 0.05 0.06 0.07 0.08 0.09
GeneRatio

PRR27 . HTN3 , 47T #t & (statherin, STATH) , CST5 .
BPIFA2 . PRH2 . ff & 4 35 (keratin 35, KRT35) .
HTN1 FI3E #5 ¥ o 1B (amylase alpha 1B, AMY1B) =

TR R LA ) OSCCIZ Wi A R R AR
PC1=SMR3B x ( -0.333) + PRR27 x ( -0.315) +
HTN3x(-0.335)+STATHX (-0.338 ) +CST5x(-0.336 ) +
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BPIFA2 X ( -0.333) + PRH2 X ( -0.335) + KRT35x ( -
0.025)+HTN1x(-0.337)+AMY1Bx(-0.337)

PC2=SMR3B x ( -0.073) + PRR27 x ( -0.018) +
HTN3x0.031+STATHX0.011+CST5x0.028+BPIFA2X
0.031+PRH2x0.029+KRT35%(-0.995 ) +HTN1x0.023+
AMY1Bx0.010

PC3=SMR3Bx(0.317)+PRR27%0.749+HTN3x ( -
0.286) +STATHx0.053+CST5% (-0.203 ) +BPIFA2X ( -
0.308) +PRH2x (-0.258 ) +KRT35% (-0.070) + HTN1x
(-0.162)+AMY 1Bx0.145

PC 4 5 =(PC1%0.873+PC2%0.100+PC3%0.023 )
/0.996

80

60

20

Weight percentage of PC (%)
40

R ER RS ST

Table 1 Weight information about the top five principal

components
Project PC1 PC2 PC3 PC4 PC5
Standard deviation 2.954 1.002 0479 0.134 0.112

Proportion of variance 0.873  0.100  0.023  0.002 0.001
Cumulative proportion 0.873 0973 0996 0.998 0.999

PC: principal components. PC1, PC2 and PC3 includes submaxillary
gland androgen regulated protein 3B (SMR3B), proline rich 27
(PRR27), histatin 3 (HTN3), statherin (STATH), cystatin D (CSTS5), BPI
fold containing family A member 2 (BPIFA2), proline rich protein Hae
Il subfamily 2 (PRH2), keratin 35 (KRT35), histatin 1 (HTN1), amy-
lase alpha 1B (AMY 1B)

The abscissa represents the principal compo-
nent, and the ordinate represents the weight
percentage of the principal component; PC:
principal component

Figure 4  Gravel graph of principal

component weight

PC

2 PC1.PC2 I PC3 BHFHE 7] i
Table 2 Feature vectors of PC1, PC2 and PC3

Gene PC1 PC2 PC3

SMR3B -0.333 -0.073 0.317
PRR27 -0.315 -0.018 0.749
HTN3 -0.335 0.031 -0.286
STATH -0.338 0.011 0.053
CST5 -0.336 0.028 -0.203
BPIFA2 -0.333 0.031 -0.308
PRH2 -0.335 0.029 -0.258
KRT35 -0.025 -0.995 -0.070
HTNI -0.337 0.023 -0.162
AMY1B -0.337 0.010 0.145

PC: principal components; SMR3B: submaxillary gland androgen regu-
lated protein 3B; PRR27: proline rich 27; HTN3: histatin 3; STATH:
statherin; CST5: cystatin D; BPIFA2: BPI fold containing family A mem-
ber 2; PRH2: proline rich protein Haelll subfamily 2; KRT35: keratin
35; HTNI: histatin 1; AMY1B: amylase alpha 1B

Y24 ROC 2k (1K 5a) 7’ PCA BRI AUC
B 75 (0.852) , I HAE DA 4E ROC £k (&1 5b) rh
5] 7 2 %A ) AUC {8 (0.844) e HAth I R 7
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3 3 i

OSCC A2 e 7 WL 1 s g 26 10 AT B s 1 &
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DU RT =02 = 1 iR DL S Ia B A &2
DL SRR A 0 A R 012 A R 2 s S
I R R A AF R S 2, T R 1 A 1)
A7 B R I AR 2 U T 3 ik L H L a2 45 LR
AR PEAl 9 A8 LAAE X T BE AL 2L AT I A (HAE N
H A I PR & HL2 W7 v, FOXE OSCC A I ()45 34 1
IAF AR . MR R M, 38 Tz s M2 W o7 4T
A K ZH0 OSCC s 9l 7 - By Bt oA 1 % B, T
1R AT ) 3 B R ) 50% 19 OSCC B H B
Y2 BB W e 1. 7RI IR TAE P & 31,
A S H TOTE ot Ak D ARG A i HL 0SCC AL
Tt 2 80 11 i s A0 S 5 LA AL R B, 0SCC 1Y
W TEAR ACRE B AR T LA 531 RS0 e A 4k
R I PR e b 6 T, AL BB 2 i A 5% % Ml [ Ui -l xfe
P58 4 MER X 43 i 1 0 S 5 0 i 0SCe
R I, 75 2L 45 R OSCC 1 R iR 12 R LI BGE & 1)
IRIT R ANTU .

DATEMF 9% K BRI V% 40 i DNA THE80 K7 A
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/4 BPIFA2, AUC=0.800

a: traning set; b: test set; the PCA
model shown in the figure a (AUC
value of 0.852) and figure b ( AUC
value of 0.844) both had the highest
value, and the PCA model had a

H7N3, AUC=0.370
/TATH, AUC=0.735
CST5, AUC=0.398

higher diagnostic advantage. PCA:
principal component analysis; AUC:
area under curve; SMR3B: submaxil-
PRH2, AUC=0.716

KRT35, AUC=0.589
HTN1, AUC=0.709

AMY1B, AUC=0.373

lary gland androgen regulated pro-
tein 3B; PRR27: proline rich 27;

or o[
0 0
Sr Sr
PCA, AUC=0.852
Lol SMR3B, AUC=0.785 _el|
= PRR27, AUC=0.748 £e
= HTN3, AUC=0.743 =
2+l STATH, AUC=0.652 s+l
e CST5, AUC=0.729 e
BPIFA2, AUC=0.809
al PRH2, AUC=0.825 al
< KRT35, AUC=0.793 <
HTN1, AUC=0.761
ol AMY1B, AUC=0.691 ol
(=R L L L L L (=N L
1.0 0.8 06 0.4 0.2 0.0 1.0 0.8

Specificity e

0.4 02 0.0 HTN3: histatin 3; STATH: statherin;

Specificity @ CSTS5: cystatin D; BPIFA2: BPI fold

containing family A member 2;

PRH2: proline rich protein Haelll subfamily 2; KRT35: keratin 35; HTN1: histatin 1; AMY1B: amylase alpha 1B

Figure 5 Training set and test set ROC curves
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for activated C kinase 1, RACK1 )i# i} NF-«kB i &1
JiM2/M1 I 240 i EE 3R AT 42 2 OSCC ik JiE
KN 3 J3° F 3l 2 11 8 2 25 #9181 (KN motif and an-
kyrin repeat domains 1, Kank1) f*) 55 % 2235 17 Yes
HH O 5% 879 8 H 1 (Yes] associated transcriptional
regulator, YAP) DAfE 2 OSCC H (1) 2 Jfd 3 7= - 477 ]
BEFE, MiR-92a i i L i) )CSKAESE F P1 (forkhead
box P1, FOXP1) 15 K i 1% OSCC 4RI iy A= <,
X BB PR 1Y % A B T SR 4 M T i OSCC 7R3+
I8 AR LR A A 42 4 AT T 5 30092 B i
£ OSCC B9 MR Ar G 4R 4L 7 ml o % sR 41 e
(RNA sequencing , RNA-Seq) £ A (1) H3 8L { AF 5% %
A LRI OSCC AR 75 1) K5 R A B0 T >4 A5 s 4R
AL R AR AR I, PCA A2 B AR R 20 M i T
H 58 T A g 0 A A R AT 0 A
A, 30 B Uy 2 R0 I )RR A 43 i Rk e AR
WA 18 T S (L0 A DR AT, T DR 000 1) 7% i
DR JUAS PC, 4R 1) J2 70 W 2 5 ELA 9 AH G722 7Y
BRLE R, PC IR A BRI O 22 JRUAR 78 Y 2k
PR A M2 A b B A8 1 X0 N 1 R BCR R X
A TR 43 f R X AR, 2R O A R BR , XoF
N AR AT TP B T Kang 55 BF5E
&I PCA 5 A58 1 X = 4ETH R AL Z G EME -

1) R B i F b 5 78 2 0 B R TR R ELRRAE A9 AR
e, DT AT T s R 2L it ) 245 4 T i B R AIE AR
T F A ZE W A TR 132 151 B R
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