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[(# ZE] HH: ETAEUGEXTESNE SLAR/ AN ZENT9 (SRSF9) 75 3k 30 &
AR (HNSCC) w2 ik 5 Bl . I PR XA K 5 I S 2 i 56 22, R4 /e AL .
Fk: AR EE RN KB (TCGA) s . W R L&A (GEO) ¥ & b GSE30784 il
GSE13601 # 4 4 . f JR 25 (1 B2 2F s o BT B (CPTAC) #dl e . JEN £ IR H M (GEPIA)
B 2 A Kaplan-Meier plotter 3048 i 70 #7 SRSFO 7 HNSCC H 1 e 35 K 5 7 35 11 PR s B ARR AiF AN H0L S 119
K F 5 M cBioPortal B4 43 At SRSFO He K 48 A% il 5 1 A ESTIMA TE 55032 Fl g8 G 28 Ak 11 9% U
(TIMER) ¥ JE 2FAl SRSFO 2 1k 15 b I3 13l 8 558 A1 e 00 28 40 M 3= 0 19 56 & 5 R Linked Omics 38 4%
JE 53 AT SRSFO 78 HNSCC H (14 3 3¢ 35 e PR S HL R 3 i 3 3 T TCGA SpliceSeq 4 1 43 HT HNSCC
o SRSFO 45 (1 ml A8 By 5 i 4, 0T B B E AT SR AR (GO) TRE & 4 43 Fr R #B 56 P4 5 S R 4
AR 2B (KEGG) 5 WM& £ 0. &8 TCCA 4 E . GEO ¥ & o GSE30784 Fl
GSE13601 ¥t #i# 4 43 1, HNSCC 20 21 f' SRSF9 mRNA £ ik K V5 55 Ew A2 B I (P<
0.01); CPTACHUIEIENT, HIEHHALIHLHE, HNSCC 44 SRSFI & H #£ kK FEH BT (P<
0.001), TCGAHIEESHr, SRSF9 mRNA 55 HNSCC B FHB K (P=0.004) FHPV &Y
(P=0.031) # X, GEPIA f1 Kaplan-Meier plotter 54} 2 73 #r, HNSCC 241 4R H SRSF9 mRNA 7 %
IR S HRFE AW (0S) EEME XKL (HR) =1.40, P=0.019; HR=1.55, P=0.003].
cBioPortal £t & 4+ #r, HNSCC H SRSF9 3 [F # Dl 44 % (CNV) 7 26.85%, HH CNV 5 SRSF9
MRNA kK FEREFMELR (7=0.44, P<<0.001), ESTIMATE & /0 #1, SRSF9 mRNA &% ik
20 JFCVE 3 RN 9% 23 ¥ %8 SRSF9 mRNA ik K k41 (P<<0.001), iy 4l B U 755 T SRSF9 mRNA
REAH (P<<0.001), TIMERHEZESHr, SRSF9 mRNA Fik/KF 5 CDA-+ T Ik I 40 ji 12 18 2 1F
HRXXR (r=0.186, P<C0.001), 15 B#kE A . CDS4T ik I 40 i 1A% 28 bk 20 if 3= i 5 £ A O
¥Z (r=—0.269, P<<0.001; r=—0.353, P<C0.001; r=—0.304, P<C0.001)., SRSF9 itk 4t
DB AR A0, AR . B 42 A A U 3 s S AR DG E IR R, AN B L A0 IR T AN 40 B B A T A
KT A, SRSFO M 5 7] A8 8 57 #1035 [F 3= 2 95 K iR 2R AR L IR v ol RO B O B AR I
Z5¥ . SRSFOTE HNSCC W &2 i ik, HL 5 B35 WG A BRI 2 30 5 G0 9 4 i = Vi 4R oG, ] ol
HNSCC 2 Wi . s PEAL FE YT 1 AE 73 145 .
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Bioinformatics analysis based on expression of splicing
factor SRSF9 in head and neck squamous cell carcinoma
and clinical significance

LIU Yuting', YU Ying', LI Guizhen', SHI Qinxue?, LI Binbin'
(1. Department of Pathophysiology, School of Basic Medical Sciences, Guangdong Medical University,
Dongguan 523808, China; 2. School of Second Clinical Medical Sciences, Guangdong Medical
University , Dongguan 523808, China)

ABSTRACT Objective: To analyze the expression, clinical significance, and relationship with tumor
immune infiltration of serine/arginine-rich splicing factor 9 (SRSF9) in head and neck squamous cell
carcinoma (HNSCC) by bioinformatics methods, and to discuss its mechanism. Methods: The expression
of SRSF9 in HNSCC and its relationship with clinical pathologic characteristics and prognosis of the
patients were analyzed by The Cancer Genome Atlas (TCGA) Database, GSE30784 and GSE13601
datasets in Gene Expression Omnibus (GEO) Database, Clinical Proteomic Tumor Analysis Consortium
(CPTAC) Database, Gene Expression Profiling Interactive Analysis (GEPIA) Database, and Kaplan-
Meier plotter Database; the variations of SRSF9 gene were examined through cBioPortal Database;
ESTIMATE algorithm and The Tumor Immune Estimation Resource (TIMER) Database were used to
assess the correlation between SRSF9 expression and tumor microenvironment, as well as tumor immune
cell infiltration; LinkedOmics Database was used to analyze the SRSF9 co-expressed genes and their
regulatory pathways in the HNSCC; the TCGA SpliceSeq Database was used to analyze the variable
splicing events regulated by SRSF9 in the HNSCC; Gene Ontology (GO) functional enrichment analysis
and Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway enrichment analysis were
conducted on the target genes. Results: The analysis results from TCGA Database and GSE30784 and
GSE13601 datasets in GEO Database showed that the expression level of SRSF9 mRNA in the HNSCC
tissue was significantly higher than that in adjacent normal tissue (P<C0.01). The CPTAC Database
analysis results showed that compared with normal tissue, the expression level of SRSF9 protein in the
HNSCC tissue was significantly increased (P<C0.001). The SRSF9 mRNA expression was associated
with pathological grading (P=0.004) and HPV infection (P=0.031) in the patients with HNSCC
according to TCGA Database analysis. The GEPIA and Kaplan-Meier plotter Database analysis results
showed that high expression of SRSF9 mRNA in the HNSCC tissue was correlated with poorer overall
survival (OS) of the patients [hazard ratio (HR) = 1.40, P=0.019; HR=1.55, P=0.003]. The
cBioPortal Database analysis results showed that copy number variation (CNV) of SRSF9 gene occurred in
26.85% in HNSCC, and CNV was positively correlated with SRSF9 mRNA expression levels (r=0. 44,
P<C0.001). The ESTIMATE algorithm analysis results showed that high expression of SRSF9 mRNA
group had lower stromal and immune score, and higher tumor purity than those in low expression of SRSF9
mRNA group (P<C0.001). The TIMER Database analysis results showed there was a positive correlation
between the expression of SRSF9 mRNA and CD4+ T lymphocyte infiltration (r=0. 186, P<Z0.001) ,
and there were negative correlations between the expression level SRSF9 mRNA and B lymphocyte,
CD8+ T lymphocyte, and dendritic cell infiltrations (r=—0.269, P<(0.001; r=—0. 353, P<<0.001;
r=—0.304, P<C0.001). The co-expressed gene enrichment analysis results showed upregulation of genes
related to ribosomes, spliceosomes, and metabolic pathways, and downregulation of genes associated with

focal adhesions, cytokines, and cell adhesion molecules. The main pathways involved in SRSF9-related



X E W, & T O T SRSFO 1E Sk HUH SR 40 M b 14 32 35 R IR 3% S0 A 005 B2 40 381

variable splicing target genes were lipid metabolism, glucagon, and tight junctions. Conclusion: SRSF9 is

highly expressed in HNSCC and is associated with poor prognosis and tumor microenvironment immune

cell infiltration, suggesting its potential as a molecular target for the diagnosis, prognosis assessment, and

treatment of HNSCC.
KEYWORDS Head and neck;

Alternative splicing; Tumor immunity; Bioinformatics

3k 91 5 IR 40 e i (head and neck squamous
cell carcinoma, HNSCC) 255 & T H & . W
(XN S L DU D3 N g e
ol Sk U R 9 9020 LA . JE4FESR, HNSCC 7et:
RIWE N ERE NN ~6%, BB /K
HOOLEAE R Y, T fa AR . HNSCC
EIRERE, N2k, Z288EE2HE 2%
W, WHEARZRERE, HSEAERIKT 50%.
IEAER, BA T AR FALT 58697 T BeAe—
FEE B R T HNSCC B AR, Hilh T8
ARIGRFRE K . A5 F FAb 7 g 25 %, ARG
skig 2. Bk, JF%& HNSCC B iyi8 Wi il 15 A
B LRI AL, AR SRR T IR s BilUE B
A B EE X . RNA ] 48 57 £ (alternative
splicing, AS) J& &k [ &3k 45 F0 7 AR 1 H B 2 HE
PR EEAYFER, ASTESARZSHERE
FE M B A A VI OG, SIEW AL, AR
rh i A TE 22 S AS S, A B A IR Y T B A
PIbs 5 )RR YT R Y W AR R R Y BY
# F  (serine/arginine-rich splicing factors,
SRSFs) R EZA Y — Kb+ o0 057 1Y 55
EIRER T, A 12 KRG (SRSF1~12),
TE RNA B $2 14 1) 241 5 F AS 45 b B ¥ ZAEH .
FENZEZ R v 3% & B SRSFs 28 1 1) 578 R ik,
T Aok A A e R R DG R R ) S B 42, T AR e
MR K IE . SRSFIERNIZEERN A Z —, T
EAREN 7RI Ry e St ) R N R R SR iR
AL SRR, AT b e 40 i 3 0 . TR
Fef2 28 0 R H AT AT & SRSF9 7E HNSCC h iy %
ik MR TR R WA OCHRE . A RE T2
AN B PR A5 A2 48, 23 BT SRSF9 7E HNSCC ft
B FRBEOL . IR E XL S Mg A 5% (tumor
microenvironment, TME) X FR, FHEITIHAHEX
YERBLE, LA HNSCC B2 W . s 2EAh L
KA IT TR i A ) 8 A

Squamous cell carcinoma;

Serine/arginine-rich splicing factor 9;

1 #"REFE

1.1 &EHERR A EERF K S (The Cancer
Genome Atlas, TCGA) #¥&/E (https: //portal.
gde. cancer. gov/) T # HNSCC #% 55 241 46 M A
B i R A5 B, JF R TCGA biolinks R 41
(2.26.0) FEATHIEI; M E EH R WA
B o (National
Information, NCBI) (www. ncbi. nlm. nig. gov/geo)
By FE R I8 %5 & (Gene Expression Omnibus,
GEO) % iz 2 h F 2% HNSCC & [ £ ik 3%
GSE30784 Fl GSE13601 # #& % , & H Mann-
Whitney U 46 5 53 87 7 35 e % i 97 20 22 5 1F 5 20 21
H SRSF9 mRNA £ KK 22 57 5 R HTBC X ¢ 46
5wy, Wilcoxon £ 5 kK 56 43 A7 e X b 988 2 22 5 1F
A LU ) SRSF9 mRNA £k K F 2 57, L
P<0.05hERASI#E L. RHRIEF pROCH
(1.18.2) £l #& TVEFRIE (receiver operating
characteristic, ROC) M1 £k 73 #1458 45 (7 12 Wi M fig
1458 ROC fh ¢ & 1w A1 (area under ROC curve,
AUC). FH UALCAN 5 43 0 I K25 11 241 2%
Jif 988 43 #7 BK %3 (Clinical Proteomic Tumor Analysis
Consortium, CPTAC) %t#fs /& ' SRSF9 & 11 78
HNSCC M 4120 5 1E# A 8Uh i R BK P25
1.2 SRSF9 mRNA %z RF 5 & & s K% 245 4
Ao G 9 X & 43 BT TCGA-HNSCC 1 SRSF9
mRNA R K7k V5 8 F I R BLARAE [4E00 . M
PN L NV NN N R 2 AN 117 R I B L6 713
A ONFL Sk R B R % (human papilloma virus,
HPV) &Y ] WX R . 2411 SRSF9 mRNA #ik
K SF EE # 5% F Mann-Whitney U 4 %, £ 41 [A]
SRSF9 mRNA kK ¥ H R H Kruskal-Wallis H
K 56, 21 18] P LG 32k H Dunn” s #3860 LA P<<
0.05 R 22 A G it 7 L.

Center for Biotechnology

AT %R s B 2 B o B (Gene
Expression Profiling Interactive Analysis, GEPIA)

By E  (http: //gepia. cancer-pku. cn/) Fl Kaplan-
Meier plotter #¢ #i & (https: //kmplot. com/
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analysis/) 23 SRSF9 mRNA ik /K ¥ 5 HNSCC
BAE WS AP . A4S SRSF9 mRNA £ ik K F
T AR R IR 2 A ARGk 4, A Kaplan-
Meier 4= f7 i £k 70 M B & BB A 1 (overall
0S), HWHEA 9% EIFXMH (95%
confidence interval, CI) AYXU K b (hazard ratio,
HR), fi#f H Log-rank ¥ %6 7 # 2 21 & 35 A= A7 i 4 )
Zs, MLP<0.05 W ZERAZIFEX.

1.3 HNSCC ¥ SRSF9 A B # n &% F| H
cBioPortal (https: //www. cbioportal. org/) %
JE T 3, HNSCC (TCGA, PanCancer Atlas) %#E
£ v SRSFO Kk PH] A8 S 28 AU &, R FH W 57 A
A K 43 BT 2 41 1] SRSF9 mRNA % ik 7K F ) 22
S, VL P<<0.05hZERAG I E L. I GSCA
i % (http: //bioinfo. life. hust. edu. cn/GSCA/
#/) 43 Bt SRSFO A& A 48 UL %722 53 (copy number
CNV) X} H mRNA ik 7K F (1) 5
K H Spearman A &M T IR T EAR G R ()
R & B %R (false discovery rate, FDR). R
o Ko 58 5 Fisher #f U)A8 22 9 43 T SRSF9 K CNV
T8N [5) £85I AR 43 300 R 29 43 R D f) 22 57, LA P<<
0.05 hZERAGIFREX.

1.4 SRSF9 mRNA & ik 5 TME 4 & #= %, % %1 Jo
ZHEH £ AR R TCGA-HNSCC B AR ) 2 35 %
#i, ] ESTIMATE 532047 TME 4, 4K
PRI H . PE SRRl T B, R RIES
pheatmap i (1.0.12) %l # Kl . R i SRSF9
mRNA B K T AL EOK HNSCC BFH FEA 7
RFE XA EFEIEL, K Mann-Whitney U % 58
43 M SRSF9 mRNA ik K F5 TME 41 % & |
LA P<<0.05R 2257 A gt it 5 L. i1l TIMER %t
$5 2 (http: //timer. cistrome. org/) H “Immune
Association” FEH 4 SRSF9 mRNA F ik /KFE 5
g e MR I C R, BB 4. CD8+
THEAME ., COA+THEHME . EvEguf . ik
R 2 AR S AR A B, OF 3 B o B A OS 1Y 52
Wi, BLP<<0.05 82 5 A it aa i L.

1.5 HNSCC LR P SRSFI 3tk & & B &9 i it Fo
% &£ 5 # Fl A LinkedOmics $#% E  (http: //
www. linkedomics. org) 1) “LinkFinder” #Ht53
Bt TCGA-HNSCC " SRSF9 4 £ ik 3 . 3 F
Pearson A1 3¢PE 43 #1, L FDR<C0. 01 i £ 5 SRSF9
FAIRM KW LR ERMTRER, REHREF

survival,

variation,

ggplot2 4 (3.4.2) & il kb El. A
“LinkInterpreter” & He v i) 5E A 5 4E 73 Hr (Gene
Set Enrichment Analysis, GSEA) T.HXf 2 %
KB AT st A R AR H B R 24 (Kyoto
Encyclopedia of Genes and Genomes, KEGG) il %
AR, BCEBEYLA S B 1000, IR
TR 1 28 73 i S8 28 R G B i 10 /438 %
1.6 HNSCC #8 £% ¥ SRSF9 48 % AS F # 4 #7
M TCGA SpliceSeq %t #% % (http: //
bioinformatics. mdanderson. org/ TCGASpliceSeq/)
T HNSCC 1y AS =5 F K Al B 09 59 4 A 7 1
(percent-spliced in, PSI) #iF%, K HA PSI{HMFE
A& =75% B AS AN AR P R E
TCGA RNA-seq £ 45 H' SRSF9 mRNA ik /K-,
BE IR 60 4] HNSCC #: A 43 9 mRNA I§ 3 ik 241 fl
mRNA & &Ik, 53t 5 a] 248 55 4 PSI{H, LU
IAPSI|=0. 1 i # 22 5 Al 48 3§ $ $5 4 (differential
alternative splicing events, DASE) . #| H DAVID
BAEE (https: //david. nciferf. gov/) X} SRSF9 #
K AS HE K #E 1T H B A K (Gene Ontology, GO)
Ui & SR BT M KEGG i & e i, L P<<0. 05
REFRA G X o R AR ET 1041 # 5l
i FE A R ggplot2fd (3.4.2) il <K,

2 & B

2.1 HNSCC AR #FKFEFHLRFT SRSFI
mRNA B2 & & & £ H R FIFH TCGA B % 3k
3 515 il HNSCC ¥¢ A F1 44 ] 9 5% 1E # 41 2111
RNA-seq #t4ls, g R s: SIiEWHLILE,
7 HNSCC #4141 f SRSF9 mRNA # ik /K F 11 & T
B (P<<0.001), W 1A; £ HNSCC i 2 41
SRSF9 mRNA & ik /K -t B & &5 F 98 55 1F 5 41 41
(P<<0.001), WL 1B, ROC Hh £k 5 #r 4% 5 8K
AUC 4 0.861 (P<<0.001, K 1C), #/K SRSF9
XFHNSCC HA B4y f B2 b {5 . GEO ¥
i h GSE30784 il GSE13061 %418 4 43 B 45 5 B
5 6 Bl 6 IE R A2 H A, 7E HNSCC g 41
21 SRSF9 mRNA % ik K F ¥ 8 7+ & (P<
0.01), WK 1D F1E. CPTAC ¥ 43 #r 45 5F i
/R : HNSCC ZH41 b SRSFO K 1 £k K -0 W& T
e E w44l (P<<0.001, K 1F), 5 mRNA K
- 11 i A R B

2.2 SRSFImRNA (& KF5 &K KB EHRE
FeRG AR EMR  H TCGA-HNSCC H 515 4]
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A—B: TCGA Database; C: ROC curve; D: GSE30784; E: GSE13601; F: CPTAC Database.
B 1 HNSCC MM IE® HAH SRSFY mRNA M H K FE
Fig. 1 Expressions of SRSF9 mRNA and protein in HNSCC and adjacent normal tissues

# SRSF9 mRNA 235 7K ¥ 5 Holf PR $HRFAE 19 5
F (B 2A~2G), 255 57n . BEA MhE R/ Ak e
55 8 B0 38 B I TR 43 3 LA K s B3 5 ) in B
SRSFO KA EAHEH, ANFEMH] . K535 %
FITHPV YR B SRSF9 mRNA %k /K 2 57
Gt eEE L (P<<0.05) . 544 G 4,
TEG P4 % G2 F1 G3 8 1) SRSF9 mRNA ik /K
R AR (P<<0.05); 5 HPV M,
HPV B 2H 40 SRSF9 mRNA 3k /K -8 & 7 5
(P<<0.05) . #| ] GEPIA % #% F%E 4» #t TCGA-
HNSCC 1 SRSF9 mRNA ik K V5 4% OS &
B, 4558 . SRSF9 mRNA B #AHEFH OS i
F AL T ML £ ik 41 (HR=1.40, Log-rank P=
0.019, K 2H); Kaplan-Meier plotter 5 % A 1753
Mrah B R : SRSF9 mRNA 5540 B EH 1 OS¢
8 (HR=1.55, Log-rank P=0.003, [ 21).

2.3 HNSCC #L %4t % SRSF9 £ B # M # x}
488 1l HNSCC 4H 21 SRSF9 Jt X #% D1 % 75 S fig 24 4
MU ECHEAT b, 255 WoR: 47 1316 (26.85%)
& SRSF9 2 [ CNV, 1 % # Il 5 8 2k 52 )
(10.66% ) F# D4y 44 7961 (16.19%)., 5=
R s, BE 5 DLECY™ 1 11 f % SRSF9 mRNA
R KFEH BT m (P<<T0.001, E3A).

Spearman F & 43 Hr 45 S i 7n . SRSF9 K CNV
5 H mRNA % ik K F 5 & 3% 0E A XX R
0.44, FDR<C0.001, K 3B). SRSF9¥# Il ¥ 1%
BETENG IR B T . 1089, [ HA A0 IV 3 b ) H )
S 16.0% . 18.6% . 18.4% H115.4%, 4 Al
22 % L8 it 8 L (P>0.05), WK 3C;
SRSFO 8 DL ¥4 4 B H e B 43 0 G1. G2 M G3
W EE B 4 1 R 10.0% . 17.0% AT 15.5%, 4541
) b 22 7 gt L (P>0.05), WK 3D,

2.4 SRSF9 mRNA % ik 5 TME #= %, & %8 &% 33
#% % fii [ ESTIMATE &4 A4fH HNSCC TME
ML, BRAS 25 IR A I B BT PP 43 . A T4
fli 11397 4 (1 4A) . 5 SRSFI ik £ ik 4 #¢
SRSF9 i Rk B H LI oy . s 1F o F Ak
PRI B (P<<0.001, W& 4B~4D), {2
71N b JRE Al B B i . E— 2 1P Al SRSF9 mRNA % ik
K5 TME " %o 2 40 i 2 0 19 o6 &R, 45 51 WA
5A~5G, SRSF9 mRNA % ik /K F 5 Jil 98 4fi £ Al
CD4+T Ik B4 40 i 32 3 522 IE A e & (7=0. 250,
P<C0.001; r=0.186, P<<0.001); ifi 5 B 40 s .
CD8 T ik 4 4t i F1 AR 5 bR 48 i 32 118 22 67 AH 56 ¢ &
(r=—0.269, P<<0.001; r=—0.353, P<<0.001;
r=—0.304, P<<0.001). PFAhfizdifiziEg . 3

(r=
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A: Age; B: Gender; C: Tumor diameter (T stage) ; D: Nodal metastasis (N stage) ; E: Clinical stage; F: Pathological grade; G: HPV

infection; H: GEPIA Database; I: Kaplan-Meier plotter Database.

Bl 2 SRSF9 mRNA #ik5 HNSCC BEIG R HESERMTE KNXLE

Fig. 2 Relationships between SRSF9 mRNA expression and clinicopathological characteristics and prognosis of

HNSCC patients

LR SR IE R, R EBIR: 78 SRSF9
mRNA &Rk, BFERE2EMOS S B 4=
JKFREAR (HR=0.508, P=0.019) 1 CD8+ T ik
20 B 3= 3 K OF B IR (HR=0.509, P=0.028)
FHOG 5 T CDA+T 48 il i AR 3= i 1 ) 5 28 3 OS 4%
K% (HR=2.36, P=0.016), W& 6A~6C.

2.5 SRSFO# X ARAELPFEGETERL F
F LinkedOmics 34 % 43 HF TCGA-HNSCC £ A i
SRSF9 (3L Kk A, L FDR<C0. 01 ¥ 47 i i 4%
RN 45994 A 5 SRSFO #3562 1F A 6 ¢
%, 512503 N 5 SRSFOKRIKERMAMAEXR, H

Hh E R DG B e B I 31 PR 43 i) R /M B R
Z JIKF (small nuclear ribonucleoprotein polypeptide
F, SNRPF). 41 i @ % C A kL B & H 6Al
(cytochrome c oxidase subunit 6A1, COX6A1) #l
% il BB OBE 45 M B 11 59 (coiled-coil domain-
containing protein 59, CCDC59), A 5 M e i il
BT 3 A & K 4 B &2 Janus # /i 1 (Janus kinase 1,
JAKL) . A& IR A I8 X B 8 11 2 (PDZ domain-
containing protein 2, PDZD2) HI A % i &k fa i 7%
[ 2014 o ¥
virus type | enhancer binding protein 3, HIVEP3),
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