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[FEZE] HH - RPN SFXN3 (sideroflexin 3) 763k U BHIR 41 fi#% (head and neck squamous cell carcinoma,
HNSCC) ™3R5 S T A FE 520 o F7 3%« DSBS 4K B 5 ok A AH DG i B B Fl TCGA-HNSCC ¥4z, (]
A E B R e B AR SE B SEXN3. ] UALCAN #5048 2 43 Af SEXN3 72 HNSCC [ FEA T i) ik, IFAR4E TCGA-
HNSCC BA %1 Fl GEO BA %1l (GSE65858. GSE41613 il GSE27020) X /N [/ SFXN3 3¢ 1% 7K V- 1 B8 3 AT LEAE 40 W7, {8
TCGA-HNSCC BAFI FI GEO BAF (GSE40020. GSE210287) FEIGYT A N4 FITC N 2 (1 8 Z A L 55 SEXN3 Rk KT 22 5
i i S ¢ E i PCR (quantitative real-time PCR, qRT-PCR) 7EYXAE () HNSCC i Al 55 41 2B IFE SEXN3 YA e, IF
o SEXN3 #E N TE 8 s b Bz 48 i A HNSCC s 48 it 22 v 9 R 35 7K OF- o A8 SRR Al fIK SFXN3 1) HNSCC 4t it fifi
Incucyte I A0 1543 Mt 22 Ge 1A v TR I 2 86 WS SFXNS %t HNSCC 4 M4 58 RE 1 BRI . KA 58 RAE SFXNS B 41 i AN
of B ZEL AN B 1% 6 RNA EA T S 4 e, ) AR A A ket BE 4 22 57 268 T R A0 i PR AR A7 30 I = 46 T . 5 R - SFXN3 7E
HNSCC & Mg g 323k (P=0.000), SFXN3 H BB E TG ZE (3P<0.05); JRY7TCNE & SFXN3 ik /K V-5
TAHREE (P=0.008), /R ARHUG. T HAEWLEAR HNSCC g 21 24UH HNSCC 40 il & FBGIE T SFXN3 Rk (1
P<0.05)., SFXN3WZREAE-rfiG, HNSCCAUML g Fane ) NI, VA vaREIE sk Hit> (35 P<0.05). RNAWT B7x,
SFXN3 i fIlR41 19 HNSCC 41 ff1 2 5 335 T IR Y L 72 DNA KL . A0MORII . SRR . Sebifh RNA SR . ZokifA
HRRGWEE . il - SFXN3TEHNSCC s akik, 58 HUS 7AE ¢, HNSCC 4 i Mk SEXN3 Ji5 35 56 g 1 A4 5
BEIE sBE 122 B, T RE L S i 2R AR T AR R AR
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[Abstract] Objective-To analyze the expression of mitochondrial related gene SFXN3 (sideroflexin 3) in head and neck squamous
cell carcinoma (HNSCC) and its effect on cell proliferation. Methods-Mitochondrial related genes and TCGA-HNSCC dataset
were obtained from public databases to identify the target gene SFXN3 by using bioinformatic methods. The expression of SFXN3 in
HNSCC patient samples was analysed by using the UALCAN database, and survival analyses of patients with different SFXN3
expression levels were performed according to TCGA-HNSCC cohort and GEO cohorts (GSE65858, GSE41613 and GSE27020).
By using TCGA-HNSCC cohort and GEO cohorts (GSE40020, GSE210287), the differences in SFXN3 expression levels between
therapeutic responders and non-responders were compared. Quantitative real-time PCR (qRT-PCR) was used to verify the
expression of SFXN3 in the collected HNSCC tumor and para-tumor tissues, and the expression level of SFXN3 in human normal
oral epithelial cells and HNSCC tumor cell lines was detected. With the construction of stable-SFXN3-knockdown HNSCC cell
lines, the effect of SFXN3 on the proliferation ability of HNSCC cells was observed by using the Incucyte live-cell imaging analysis
system and plate colony formation assay. Transcriptome sequencing was performed on the total RNA of stably-SFXN3-knockdown
cells and control cells, and pathway enrichment analysis was performed on the genes with differentially down-regulated expression
in knockdown group compared with control group. Results*SFXN3 was highly expressed in tumor tissues of HNSCC patients (P=
0.000), and the prognosis of patients in the SFXN3-high-expression group was poor (all P<0.05). The expression level of SFXN3 in
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the non-responders was higher than that in the responders (P=0.008), indicating an unfavorable prognosis. High expression of
SFXN3 was verified in the collected HNSCC tumor tissues and HNSCC cell lines (all P<0.05). After the knockdown of SFXN3
expression, the proliferation ability of HNSCC cells decreased, and the number of plate clones decreased (all P<0.05). RNA
sequencing showed that the differentially expressed down-regulated genes in HNSCC cells in the SFXN3-knockdown group were
enriched in DNA replication, cell cycle, mitochondrial translation, mitochondrial RNA metabolic process and mitochondrial gene
expression pathways. Conclusion*SFXN3 is highly expressed in HNSCC and it has negative correlation with the prognosis of
patients. The proliferation ability and plate colony formation ability are inhibited in SFXN3-knockdown HNSCC cells, and these

may work by affecting mitochondria function.
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o ZILAAE IR RFAE 50% AcA7 4. HA, 4B
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receptor, EGFR) 11474 2 1 Byt Rl Ho 28 4 2 s 410 il 5]
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FERHOCSE 4, I 49 B B HNSCC A HI S 19 H
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1.1 A0 Fn 3 S RS

HNSCC 4l fifi & SCC9. CAL27. HN30, SCC25,
NIEH T b 57 20 i HOK A1 293T 41 g #4995 A A 52 56
FERME . B4 (fetal bovine serum, FBS) T
L IEAE R A MR A BR 2N F] AL 9E [ Gibeco, DMEM
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7 W F Takara, i fig £k 2% o ¥ (phosphate buffer
saline, PBS) Fl—¥ifi Bl T st R ERHA
BT, MR RE2S 2 TURL pGreenPuro-Dual F1ff Bl fu 2k
JORLI IR T AR S0 % AR AF . SEXN3 B (#15156-1-
AP) WJF3&E Proteintech, B-tubulinBifk (#A01030)
FECL % Y6 W 3& [ Abbkine, Lipofectamine 3000
3 JLi R T 22 [ Invitrogen, TransSo 83z 4504 FIb
e aEw o n o BN YR T 58
ThermoFisher, RNA U M55 b1 A A= Y FHE A
PR FIHEAL . Nanodrop 43966 EE 1Ml Incucyte 7% 21 fif
BG5BT 2R Ge AR VRS M R o e Pt

1.2 2 JREA kDR

M MitoCarta 3.0 fl GSEA (gene set enrichment
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LU 44 1] 1IE F AL BUREAS , IF R BAH I IR 15 B o
FIFl UALCAN 48 2 43 Bt SFXN3 #£ HNSCC i 21
ZURNIE ® AU %5 . M GEO B4 & T 28
GSE65858., GSE41613. GSE27020. GSE40020 FiI
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FEIRHERE, (dTFH RIE S limma %67 s 20 21 E 41 40
AT RINEER A, BBIMEANBIE AL -
AR Y 22 F R IEFE A (differentially expressed
gene, DEG), i ¥k r i 22 5 A% %0 (fold change,
FC) HYXEH 4% E log,FC[>1, P, <0.01. I
JeR A 2 L T T B A1 2L R A SR AR DG R R R A T
Logrank #5558 H P<0.01 AYFER , R 3 520
TE 2 A, ZJE X TS R T 3K R Cox [l
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1.3.2  SFXN3 mRNA Fl & [H 7K 19 % 3K K Fil ) o
Bl HH UALCAN %40 2 43 #7 SFXN3 7 HNSCC i
H AR W AP Rk 25 . RIS TCGA-
HNSCC. GSE65858. GSE41613 Lk} GSE27020 A%
MR REEHEMEEFMKGER, sHRIEF
survminer £ F1 survival £ ffi SEXN3 25 1k 1 1 e A 1
Wil BE o e . KEXR 24, 21 54F Kaplan-
Meier A& 77 #h £ 73 A1 SFXN3 3¢ 15 7K S F i 2 F8U (04
Ktk B TCGA-HNSCC, GSE40020 Pk & GSE210287
e A, [ HRIET sva iy ComBat pREUH 5
HEREN, ARHEIBIT A TCR B 53 R A A RN T 2
M, W22 0 SFXN3 K2R .

1.4 FEARW S

W AR b A8 3 K 2 s 2 BE B 5 LN R B BiE 1Y)
20 {5l HNSCC H 35 i AR 557 O R SURE AT, REACR:
B TRA TR

#1 qRT-PCR35|#F5I(5—3')
Tab 1 Primer sequences for qRT-PCR (5'—3")

Primer Forward
GAPDH GGAGCGAGATCCCTCCAAAAT
ACTB TGACGTGGACATCCGCAAAG
SFXN3 GGGTGAATTGCCTTTAGACATCA

1.7 Western blotting 5l

WA £ 201 it 2844 E 11 5 {# FH Nanodrop {X #8 9517 7R
€ it . SDS-PAGE HLIK 43 2§ J5, % % PVDF JlE |- .
# 0 5% WiAG2F = i B A1 2 h, 4 °CREIRIE & —Piad
., SEXNIPUATAEME A1 : 1000, B-tubulindfiik
TAEMREE R 1 10 000, ¥ H TBST Pk 3 I a — bt
(TAEWEE R 1:5000) ¥FHE 1 h, TBSTUEM 3K,
Z R BCL &G 5% .

#2 ShRNA3|¥FFI(5—3)
Tab 2 Primer sequences of shRNA (5'—3')

Primer Forward
hoSEXN.L GATCCGGCTGGGACCAAAGTACTTTCCCTCGAGGGAA
s i AGTACTTTGGTCCCAGCCTTTTTTG
GATCCGCAGCGTTGAAGTGGTCTACTACTCGAGTAGTA
sh-SFXN3-2

GACCACTTCAACGCTGCTTTTTTG

1.9 P d A0 e . FL U SRR ANMELRK 1y 4 4kt

fifi ] Lipofectamine 3000 % 25 2% i kL (sh-Ctrl) |
sh-SFXN3 Joi b 5 5 B 42 %€ 5ok (pMD2.G, pCMV-
dR8.2) #EYLF293T UM, 48 hF U G . Wik
TR KB AY SCC9. CAL27 1 HN30 41 i i 1k F
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1.5 4k

FH % 10% FBS Fl 1% 75 5 75 2 XYL DMEM 15
B 5 FE 1% 3% HOK . SCC9, CAL27. HN30 A1293T
Y8, FH 10% FBS Fl 1% 75 5% 8 2 A3t Y DMEM/
F12 592 55 9% SCC25 4l fifd, 37 °ClEl . 5% CO, .
95% Wit B (14 20 L 15 248 h kA TR S IR

1.6 qRT-PCR

JEHUHNSCC i 4i i 5 SCC9. CAL27. HN30,
SCC25 FAIE# M I K7 4 i HOK () 5L RNA, DL &
HNSCC 359 Al 557 BeXT 4 U BV RNA, RO sk
B ¢cDNA J5 #1752 B 9851 5E 1 PCR (quantitative real-
time PCR, qRT-PCR) # il . # Il HNSCC 41 Jfd
SFXN3 2K 1di ]l GAPDH B, ACTB/E N 25 Kl
HNSCC 8 # i xF 20 4 b SEXN3 ik 8 fi Jl ACTB ly
WZ. TP H L 1,

Reverse
GGCTGTTGTCATACTTCTCATGG
CTGGAAGGTGGACAGCGAGG
GCAGCAGATTTCGAGGATCAGT

1.8 shSFXN3 W5 o JUh ) 4t

BeitIf A L SFXN3 1) 2 %% shRNA 59 )5 51, 4%
5l A sh-SFXN3-1 F1 sh-SFXN3-2, % B pGreenPuro-
Dual 112 18 5 52 244, il ] BamH 1 1 EcoR 1 XU i
Ul B8R H AR 7 FEH:, 4 trans5a JR3Z A4
LG AL 5 T 20N 5 55 R R T, AT DU R
A, % ) JE B BT AL . shRNA 5| ¥ )7 4]
W22,

Reverse

AATTCAAAAAAGGCTGGGACCAAAGTACTTTCCCTCGAGGG
AAAGTACTTTGGTCCCAGCCG

AATTCAAAAAAGCAGCGTTGAAGTGGTCTACTACTCGAGTA
GTAGACCACTTCAACGCTGCG

K, DAGIE A TS fUMR, R0 MO RE 5 i A
BEMCHEA TR, RN A SR B e B i %, R
48 h 5 il RIS 2 R R e, AT AR MUK SFXN3 11
HNSCC 4 itk , 1 F§ qRT-PCR Fil Western blotting 4;
TERRACR
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1.10  Incucyte 75 4B AZ 53 Bt 2 GEAS M A1 L9 5
W AbFXHECE R AR AL )E DL 2.5x10° 4/
FLH 28 B 4 51380 F 96 FLML, B JS iU 7E Incucyte &
SRR SRR SR 5 do AR AL AS BRI ) A
Kb, A 20 i B Y AR Ak
111 PR SE R i 9 55
Wb FXHBUE R I IE LS, P 1x10° /AL
)2 BE X ST RN TN AL, RIS B AR RS SR A
B 3 d SR AR R, B PR R T AL T R S %k
Bige . ZJE/NOD s itgedt, HPBSIEE2IK, A
FYA A TE /K B 52 15 min, Fi2s RS HEAT 45 48
gefn, PSR ARG NE, TEKER R R
T, KA LAA BB I FH Imaged FAEGE 43 Hr e L
1.12  HNSCC 4i/itl RNA I3 B2 53 Br
# SCCI f sh-SFXN3 Fil sh-Ctrl 20 411 it F RNAiso
Plus ZbF, T4 34y, T-80 CCUKAIAAE, FEMXE
TR SRR A MR A BR S I EAT RNA I A T
Pk . f# ] VAHTS Total RNA-seq (H/M/R) Library
Prep Kit #8037 SCJ%E, 37 F 5 4 lllumina Novaseq
6000, i FH RIEF A (423 fRA) XF RNA I i
VRS B9 B AT 40 A, ] R 35 5 DESeq2 1 #E17
DEG 43 #7 . fifi 1% b5 1 24 |log,FC|>1, P, ,<0.05. #
SCC9 4l sh-SFXN3 ZH A Lt T sh-Crl 21T 8 Ay 5 [H] 2
1T KEGG 1 GSEA & #5017 .
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St vk
ffi F| GraphPad Prism 9.5 #X4F I R G K MF (4.2.3
WA ) HEATVEEI A K GE i3 br . R B R4 8E 17 3 K
ML R . 241N L HCR H Student AG 5 (2 4143
RIESSAAR) SEAESEG R (I 14 R R 255 A
B . ZHHBCRHPEZE T 2081, P<0.053FR/R2
SEA G

1.13

2 R

2.1 JETEPAE EET 13 H b L SFXN3

MR A% TCGA-HNSCC $4 45 1) mRNA &35 46 4
FE IR 4 SURNE 5 212U Z [l limma A1 7 25 55 3%
BHED AT, O A5 A |log, FCI>1, P, <0.01, 1&
i3 Y 1 777 A R B AT 1 881 AN T R A (1A
1A) . f#i il MitoCarta 3.0 Fll GSEA %4/ 4 T 4% 5 26 ki
TRAHSERY LN KRS L TIER A8 EE . T
P FE I [R] 2 030 PR IRA I EUE 4, 3 5I45
F 1134, 163 LRI RM G 22 56, Il
B (K1B). R T it th 5 HNSCC B # A K il
FHSE AR FE I, X 113 A4 g 4 40 10 40 40 A
Ry £ 7 AR AH 56 3 R 3E 1T Logrank R 56; , i 2645 81 P<
0.01 [ 8 NHEH . XTI 8 AN FEH i — 2 dE A7 L &
Cox [M1J343#7, 455 (K 1C) s SFXN3 EME—HR
KT VRS, A 6F 58 2 35 SEXN3 7E 0 B 5
HP

A B C

100fe = 1 Gene HR P value
e %% o i i SEXN3 1317 0011

oPgo l 1
75 o2 o — COL7AI  0.842 0.027

- e |||
£ § BB o 1664 113 1754 163 1718 CYP2D7  0.693 0.015
SR 0w ® Save GNRHI 0564  0.001

z L - o Up : :
g N <l 5 MRPL38  0.556 0.006
° ol | A TCGA-HNSCC Mitochondrial TCGA-HNSCC | FANCG 0545 0.006
° ™ up DEGs related genes ~ down DEGs
ookl !!.-----.-m-—- CPTIB 0450 0.005
s 0 5 SPNSI 0.359 0.005
log,FC

Note: A. The identification of DEGs between the tumor and normal tissues in TCGA-HNSCC dataset. The red dots represent up-regulated DEGs of tumor
tissues and the blue dots represent down-regulated DEGs of tumor tissues, compared with the normal tissues. [log,FC|>1, P, <0.01. B. Venn plot of the
common genes between TCGA-HNSCC DEGs (up-regulated DEGs/down-regulated DEGs) and the mitochondrial related genes. C. The result of univariate

Cox regression.
1 B#rEESFXN3HEE
Fig 1 Identification of targeted gene SFXN3

2.2 SFXN3A{EHNSCC Wik fim G
i FH UALCAN %041 J22 43 Bt SEXN3 £ HNSCC fif
968 4 4 R AE 20 40 1 mRNA LR (132356 K°F, 45
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IR 5 7% SFXN3 1 HNSCC Jih 98 40 4l rh g 63k (1
P=0.000, & 2A). B4, ff ] TCGA-HNSCC Al
GEO Z MR AT M o R SFXN3 ik

Vol.44 No.4 Apr. 2024



() e AT SOKE BB O R AR A, 5 4R
AR TS R 7R, SFXN3 ) mRNA 72 35 7K - Fil i
HUG BEMI, SFXN3 SR HAA %M . WG
AR (#P<0.05, K 2B). £ TCGA-HNSCC BAS1 |
GSE40020 [A 1] 1 GSE210287 BA %] i & 1 100 {91 fih
SRR JC IV 2B RN 233 1914 28 e 481, LA A =2 ]
SFXN3 ik, S5 R WoR, JRI7 TN 4l SFXN3 1Y
FIBAKT- = FARMEH (P=0.008, E2C), #/nRE
FHHEAR . ABF5EIEE T 20 5l HNSCC &84 1Y Fi

SFXN3 63k OB A b gk ROt s ipm | 431

o Mg, WA NS, Pt RNA, i qRT-
PCR A& SFXN3 2535 K-, 455 B8 SEXN3 £ K%
BUHNSCC % Hh s 41211 mRNA 357K F 5 T
2441 (16/20, P=0.003, [K12D). [&] WA i 1
R IA] B9 HNSCC 4 g & = SCC9., SCC25. CAL27 Fl
HN30, LLRIE® 1 FE40M HOK, il i qRT-PCR 5246
Kl SEXN3 i mRNA 33k 7K, 255 iR SFXN3 1E
HNSCC 40 [l & H i 32 38K F- 3 i T IE W 1 5 40 i
(34 P<0.05, KI2E).

A B
TCGA-HNSCC GSE65858
mRNA expression of SFXN3 Strata -+~High level —+Low level Strata -+~High level —+Low level
4 1.0 .. 1.00
70 - in HNSCC _.2‘ £
' 5 075 £0.75
= 60F @ g £
2 ° 2
= 50 a 0.50 2.0.50
g = ® £ .
= i B Log-rank @ = Log-rank ®
240 Z 0251 p-0.000 Z 0251 p—0.005
301 & . . L , 2 s s s . )
8 - 0 1 2 3 4 5 0 1 2 3 4 5
g 20} t/year t/year
= 10} - Number at risk Number at risk
0 - i S Highlevel 183 92 44 26 19 13 g High lcxcll: 75 56 44 13 3 2
Normal  Primary tumor & Low 10\c]|:317 169 100 58 38 23¢a Lowlevelpl95 178 130 54 22 14
(n=44) (n=520) 0 1 B 3 4 5 0 1 2t/ 3 4
TCGA samples t/year year
Protein expression of SFXN3 GSE41613 GSE27020
3 in HNSCC 1.00 Strata —+ High level —+ Low level 1.00 Strata +High level —+Low level
2r T E 075 E 075
2 2
Ir £ 050 2 050
3 & @ =
= T s Log-rank = Log-rank ®
- L
I . . 2 0251 pg.010 2 0251 p-9.007
0 1 2 3 4 5 0 1 2 3 4 5
2F = i t/year i/year
3 Number at risk Number at risk
Normal  Primary tumor £ Highlevel [68 51 40 33 30 22 SHighlevel[18 13 7 74 2
(n=71) (n=108) & Low level 29 28 26 24 2216 & LowlevelF91 82 67 47 25 14
CPTAC samples 0 1 2 3 4 5 0 1 2 3 4 5
t/year t/year
C D E
151 _ 4 -
. : @
2 g
- $ ™ 23 3L ® W e
= 6 . . &5 10} 29 3 ® ° .
Z 5= % %
2 st o e o O
g E = § 2 2t
d>§ = % S~ a °
o~ 41 ? 2 5+ “ ‘g
= Z 2 22
=] 251k
S 3r 5 2=
~ &
Sl !
Para-tumor Tumor

R (n=233) NR (7=100)

HOK SCC25 HN30 CAL27 SCC9

Note: A. SFXN3 mRNA and protein expression between HNSCC tumor tissues and normal tissues analysed by the UALCAN database. B. Five-year survival
curves of HNSCC patients with high SFXN3 expression and low SFXN3 expression in TCGA-HNSCC cohort and GEO cohorts (GSE65858, GSE41613 and
GSE27020). C. Differences in SFXN3 expression between therapeutic responders (R) and non-responders (NR) based on TCGA-HNSCC cohort, GSE40020
cohort and GSE210287 cohort. D. Relative SFXN3 expression in para-tumor and tumor tissues from HNSCC patients detected by qRT-PCR. E. Relative SFXN3
expression in different HNSCC cell lines detected by qRT-PCR. Mean=SEM. “P=0.000, compared with the normal tissues. ?P=0.000, ®P=0.005, “P=0.010,
®P=0.007, compared with the SFXN3-low-expression patients. ®P=0.008, compared with the R group. “P=0.003, compared with the para-tumor tissues. ®P=

0.014, “P=0.011, “P=0.000, compared with the HOK cells.
B2 SFXN3ZEHNSCCHERIZBESARMERERX

Fig 2 High expression of SFXN3 in HNSCC and its significant association with poor prognosis
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2.3 MR E K SFXN3 [t HNSCC #i it bk CAL27 M1 HN30 4ii ffd b, #H o F sh-Ctrl 41, sh-
bk — 25 43 B SEXN3 7E HNSCC & 4 & ey SFXN3-1 il sh-SFXN3-2 20 411 il ) SEXN3 mRNA 7K -
YRR IRE, AWFFE A SCC9, CAL27 MTHN3041  WE TR (3P=0.000, [¥13A), H sh-SFXN3-1 204
Jit A4 FeUE R IR SEXN3 (1) HNSCC 4 i bk, JFilad  MERUIRACRECEF ;. Western blotting Z5 AL IESE T A Ik
qRT-PCR F Western blotting £l SFXN3 7E mRNA F1E 41 SFXN3 & /KM T % (K3B) . AHFFEf# A sh-
FKERZRik, RFEURScE, 4558 E0, £SCCY.  SFXN3-1414E N SEXN3 MR 2 40 M A 7 ) 25056
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Relative SFXN3 expression

S N . NN N
& [ CA] [ORCA]
¥ ¥ F ¥ F ¥

Note: A. Detection of relative SFXN3 expression in SCC9, CAL27 and HN30 cells after SFXN3 knockdown by qRT-PCR. B. Detection of SFXN3 expression
in SCCY, CAL27 and HN30 cells after SFXN3 knockdown by Western blotting. Mean=SD. “P=0.000, compared with the sh-Ctrl group.

3 FEEBMR SFXN3 HNSCC Rtk 4 s iE

Fig3 Establishment and verification of stable-SFXN3-knowdown HNSCC cell lines

2.4 RHIKSFXN3 % HNSCC 4 L84 5 i) 5% i L5 (K 4A. B) Won, 5sh-Cul 4MIEL, SCCY.
RERFE SFXN3 % HNSCC 40 M5 52, ABF CAL27 FITHN3O0 (1) SEXN3 mi R 436 o g f1 b & T
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Fig 5 Pathway enrichment analysis of differentially expressed down-regulated genes in SFXN3-knockdown SCC9 cells
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