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Abstract

Melanoma is a highly malignant tumor originating from melanocytes, characterized by high inva-
siveness and high mortality. Its global incidence continues to rise, making it one of the malignant
tumors that pose a severe threat to human health. In this study, the key gene TIGAR was identified
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through bioinformatics analysis, and its high expression in melanoma and significant correlation
with poor prognosis were verified based on the TCGA database. Furthermore, gene knockdown me-
diated by SiRNA was performed to investigate the regulatory effect of TIGAR on intracellular ROS
levels, and to clarify the molecular mechanism by which it modulates the proliferation of melanoma
cells through a pathway dependent on ROS. These findings provide novel insights and experimental
evidence for exploring the pathogenesis of melanoma. The results demonstrated that high TIGAR
expression was significantly associated with poor prognosis in patients. Knockdown of TIGAR in-
creased intracellular ROS levels and inhibited the proliferation of melanoma cells. Collectively, this
study confirms that TIGAR functions as a key regulator in melanoma proliferation, providing a the-
oretical basis for elucidating its pathophysiological mechanism and developing potential therapeu-
tic targets.
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1. 518

MO FEE T RO RN, &SRR, REMERN S PCRE M, KRR R ST
REFEETHES]. RETFERBOIMASIT S 7 RELE, BT 800EIT s,
A5 FL G R VG YT THI I U BR R 2] . -3 BE 8 3008 DL R VIR 2 BER T F B, (200 52 R XU ey LA T
JEARR . RAETTHEMTTVE S Bk 2 s 77 &8 2y 7V R I R L (2 B 4R T T R 3R BB W AR AE
2, SR 24 0] AT 2 I 2 PRIV TT R A% OB [3]. Bltk, REFBNEITHE A, X T RAIG R TG
I7 R o IR 24 3 R A A e b S e S

TE IR R A R J T 245 T B 2T AL A, 20 B P 3 1 AU (ROS) R &S 4R Rr I AR AL 52 212 S [4]
[5]. ROS Faas A /1 2 4 22088 (1) Tk 3t Jee 5 it 24 02 B (R 47 OB A B, OO A R 48 1B Dy e
IR O RTHE[6] [7], KFRMT 5] &1 ROS SEH AL B [8], 8 AlEid 7 S A b 05 s gn f i A= W22 47 M
SR B M AR AR I 2 R R AR R E IR BN R K [9] [10]. ROS A& 4 AR #2 =
ERREE S0 T, LR SRR AT 85 A TR UM OL[11]. IEF R, g
o SPUENRGLERE ROS MIARZS o T i Jeg 4 IR 5 S 5 W0A Hi LA B % DL I ROS /KT, AT 3RS
Z5PE[12]. AIBEH IO S (GSH-PX) ALY B BE(SOD) S Hi FAL B 2 4EFF AN ROS A2 (1)
Kk, ORI HRIAM RS Z MR 2R A, R, ROS HIFRAS T & e Kk A 51
VEIPS

TIGAR fE24 ROS Fads iz im e v iz O IR R 1, 72 p53 I R IFSEAE A [13] [14], F AT XUBSRR B
PE[15], FldEE R PR D) RE K FEARAI R N ROS /KF o ITAERAF 7L K I, TIGAR ik B A &3 1A L
PE[16], BEWiE R GSH-Px. SOD 4 ALEEFRIA . TEBRAIML N & ROS, WML . (728 K
Fe[17]. CAMEAREM, TIGAR Fik L 508 bk A0 A . U~TIASE B Rtk LUIRE . il
Jiess B TR 55 22 P iE SR TS LG IR TS 25 DIAH G [18]-[22] . % T Hf#= ROS fasmiThae, T
TIGAR KIA# N2l 75 ROS /T HIANAAET:, HEm 3G 5@y R 167 ROR (1 78 78 SR s [23]-[25] . 1X
e 73R B TIGAR 7l fgilid 45 ROS fads S Svsiiit 251 72, (H H A HAE 2B A R H I FRIARHE . X
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ROS FaSHIEIEIER, LA il o ROS /K2 5 B ZMAIIEHE, MR,

BT BROAE 5, ARUEIUE Sl I R B AT, AT TIGAR 78RR (1 2008 rh (1 0k 72 e SR IR
WUEME, BB SIRNA A SRR FEERE AR, PR70 TIGAR X H (& 2R 4l ROS 7K~ IR 1 F &
TR, BRAHT TIGAR it i#% ROS FadSxt B ZIMAniudbss . T sgm . AT 5T 5 75 B
TIGAR TE R Z R R I OCEIE A, SR 6 F IR IG YT I R T TR A7 IR R 4 i 5 SR A0 Ak 4

2. AEREHE
2.1. FHREIE

M [ [ AR PR A B A0 (NCBI) 1 3 8 3% 3k 25 & 2048 2 (GEO) Hh K R I T #8158
(Melanoma) FH 56 f) 2 R SR A R 4 Hi 4 GSE15605. SRHUG IR IA R B KV S REHF RS, ([ R K
PE(RAS 4.5.0)% BB HEAT IS SRS IE L logy B A AL FE. SR R 15 = Y limma 10264 1E W 4L 3¢
ARG REOZIRFEARMATERRIL M. S8 2 FRIBH K (DEGS) M BIME ™M B8 N : RIBREHCE A xt
8 (Jlog2FC| > 1.5), HZiit2: 5 &M p <0.05.

22. BRI SEEERS T

T %€ DEGs WHEMAEY FIhae L2 501G S1& i, AHFAAH R 155 K clusterProfiler £
org.Hs.eg.db VERHE 72, %} DEGs #H47 3£ A4k i (Gene Ontology, GO)VER A1 & FE R 5 F R 4H [ Bl 4=
T(KEGG)Hl i = 1. GO Mt 7 AEY)~# i (BP). 4417y (CC)M 7> T TIBE(MF) [27]. A p <
0.05 15 N & EEMH ErrE, FHFIH ggplot2 2 #1547 i AL fE R .

2.3. THZS R 2RI aE B A X EE AV IREX

AHIE FE IR 2R A FLEHE R URE 2 I R 4E,  PUZGAHCHE[RI(DRGs): 1517 DRESIS fiif 245 545
#2414 SR A B 885 5 (The general information of molecule associated with resistance) .
XTEE I )RR R B AT RS BE S s AR, M PTG AR . 2ok e B AR K (MRGs):
Jj 1] GeneCards ¥#f5 )%, LL “Mitochondrial Energy Metabolism” /F e & e Brl #EAT I 2% . AR IFRER 5
AU T  BE A S, Y E A S B2 (Relevance score) > 0 Jyid B, B Hy L b A fE B AL
B EE R4

24. BLERNEESRIAWIE

FIF R 185 1) VennDiagram #4H4, K345 DEGs. DRGs #ll MRGs — ™3 [ 4E 47 B AZ SE AL HE
Frezhil T BB . = 2HBEDRAR I B o 4 2 s A T A% 0 2R R (Hub Genes). ik — B0 IEIX 73 %
OrJE R 7E BB 0 R rh (R AR, $RENHLAE GSE15605 $iE 45 b (il ik Fi % . SR A A2 % Wilcoxon A1
o256 (Wilcoxon rank-sum test) BRARSZ FEAS t A5 56, P2 i 28 5 1E 3 21 R] IR I8 7K P22 53 A R /B ggpubr
2 45 28 =l (Boxplots) AT I 4L Ak, p < 0.05 M EA Giil# 5 .

2.5. YHpEIEFE

N ZR 4N A375 W H Procell (FF[E). #aifEitiT 2755, T 37°C. 5% CO, i) DMEM Hi£5 5%,
DMEM &4 10% FBS. 1% & 2 1% &5 =,

2.6. SIRNA ¥
¥ A375 Gl 2 6 FLANNUIE TR, BT 37°C. 5% CO 7RI A 24 /NF, 40 BE R &

el
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FEILF] 70%~80%H, #E{T SIRNA #4%. SIRNA B MCE 2 @l 2l &, H TIGAR-SIRNA {17514 5'-
AUUUUGAUGCAGAUUUAACCUdTAT-3'f1 5-GUUAAAUCUGCAUCAAAAUCUATIT-3'. 5 YLt E 5
HE IR 5 A ey 280 G4 aF) Lipo3000 R ud BE AT, 725 6 FLARS AL I IR IR, Bl 44 IR 25K 1)
LLBVR A SIRNA 53047, & R E AV MALIIFLF . s 4 /MBS, SN 10%56 4 75
) DMEM 5e4x 35775k, dkaRifae 48 /N eSS4, T /5 4Lsths, @it Western-blot Pl TIGAR
R AR

2.7. BEREENE

FEERANM AR FAREAS, i RIPA 23842 i (Elabscience) EAT HEHL, 8% {5 ¢ F5 4 F b (.92 (BCA) B
15t 5 177 & (Elabscience) #E47 7€ & o BN 145 B 5 1 1 (20 pg)4: SDS-PAGE #4770 85, RJ5
%% PVDF i (Biosharp). BEJ5, FEE5HREE RIS — PRI —HUABHTIRE . AT — e
TIGAR (Proteintech, 22136-1-AP, 1:1000), p-Actin (Elabscience, E-AB-40338, 1:5000). & /] ECL #3771
(Thermo) ML ZZ BT 151 S8 S W 255 o {8 Imaged B %ot 2 11 3 45 7 O K BE AR IEAT 7 B M

2.8. ROS 7KE&M

K FH 28 25 R M SR IR 77 85 (S0035S), LA DCFH-DA Jy 7 Y R 1Kl B8t 2 4 i P9 ROS 7K.
¥ CM-H2DCFDA ## 1:1000 Ml LRI 5 uM, TAER A LB B 5 040 M AT IREF 4R, 37°CH
H 30 b, REVRGEBRARIENGRIRE . LL 488 nm R K, 8Tt BRI e g,
L7 58 I B ROS 7KF-

2.9. ZHpRIGFE SRS

K FH CCK8 vEXT A iy B e AT, K 5% v 5 (1 40 4% 5L 2000 A4 4% 70 28 96 FLIR, 4>
REE 0. 24, 48, 72 /NEFJE, BEFLINA 10 pl ) CCKS8 i, 1E 37°CHFE 2 /N, FHEEFR UG 450
nm ARG FEAE

3. &R
3.1 ERERAFESIHEEEES

SNBSS IE SRR A 5 R A 2 [ AR 2 5, ASHIE 7T 56T GSEL5605 a2 (1 & 16 Bl IEH FEA
58 il IR FEA) g 22 R BE N RIB i BT B Guit 22 B B AT ik, B3R 4225 AN 2R R
ILHEH(DEGs), FiH 2103 /NER i 2122 ANEER R, A KL E A #E AT AL DEG (14 1),

NARFL DEGs Z 5IAM il i Moy 7 ohfie, AWF7ex 5 N DEGs 40 mll#E47 GO Lhfe s %4>
Bl KEGG i & 504, LABHIR A O AV D Re 515 5@ BARRIE (K] 2).

i DEGs £ [Kilit GO wHEMM4 R T R, il DEGs &3 &% T 41/ 3 5 AN L A9 %
R, FEASFEA LG RIZE. JOMRDE. R, IR R 555 . KEGG g & 0k
B, Fif DEGs F- 4P e 40 & 1] . Rho SXE GTP B (5 S s . /N i « R BE 15 5 10 R 4 %
R B ) 5 A S A L MR R A R R R R IR G

i DEG it GO ZEH'E i, BEEETHIKKE . M. NERAGH. RS MEEY
Fi. KEGG B & £ o Ridt—HiEsL, Fifl DEGs EEZ 5. ECM-S2AAH B1F H 254
WS AMRAHACER, 241 GO B4 mE 8, HEFEER T ZRERERETREYER
520 Ak B R A% OB
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Figure 1. Analysis of differentially expressed genes (DEGs) between melanoma and normal cells
1. EERB5ERMMNESRFIEEE(DEGS) T
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Figure 2. Functional enrichment analysis between melanoma and normal cells

2. BERBSERMBIESEN T

3.2. REBREERFESEREIE

itk — e A R R A R R AR R R, RS DEGs. 2540 24 #H 5G 5L X (Drug Resistance)
EREHHREE K (MRGS)#AT L 70 M, STt 2 5 Aot izEE R, 73078 TIGAR. NOTCH3.
CAT. PKD2. HK2 (/4 3).

NIAE_ RSB N R IEZE R, AWFFCRABOIREAR t 5%, SR EHFEA(GL, n = 16) 5
JAFEAR(G2, n = 58) I RIA/KT, I F4k BT g R (19 4). 878, TIGAR. HK2. PKD2 7
MR A R IA KR E B, Hd TIGAR [ t fr I8 4t 112 9-6.33 (p = 3.54e-06), HK2 [ t fuie4iit
FN-5.36 (p = 5.28¢—06), PKD2 ff] t k36415 N—-2.69 (p = 1.34e—02). NOTCH3. CAT 7E i tEA
FIEKTFEZE T, NOTCH3 /) t i 4iit &N 7.11 (p = 1.71e—08), CAT i t e Ziit &N 3.99 (p =
5.25e-04). LIRZGEIEAMH T 5 AN SCBRILRITE IR 5 MR FEAR (R (R R08 22 AR AE, R 5 SIR NS AT FLAE I
T R AR R R TR ) T RE LB At T A% RE R
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Figure 4. Differential expression analysis of core genes in normal tissues and melanoma

4 BLEREEBAASRERBTFNERRIANN

3.3. REREERMFESERERERE

M1 DEGs. 254t 252 K 5 A AR SRR R 22 86 70 M, it TIGAR. NOTCH3. CAT. PKD2.
HK2 3t 5 AN OCEEIE IR . JHSZAEAS t R0 45 G A B iR B, TIGAR. HK2. PKD2 &M FE A B2 &
ik, NOTCH3. CAT 7EMRFEA i E L RIL.

JE B2 H R AR TIGAR IR AT, RIILTE AR A A (1 30k 22 - Gu il Ui (p = 3.54€-06),
BAE A AR AR 5 AR G o 7, IR S BRI RE, FN 524255, H
BB IG R AN -

3.4. TIGAR RR{RMRIELER

HNERFL TIGAR fE B EAFRAM A A IhaE, ABFFRA SIRNA FHBEAR A~ 6 2 A 508
A375 4 TIGAR KIZRik. HYsem)a, JHid Western blot SZI& X TIGAR & IR IE /KT 47 5610 «
RN 5 R, S0TIRAAHLE, SIRNA FJLZH4HM+ TIGAR & (AHXS 40 4 30 kD)1 4% K &
ERERK, EEoITiEsLHRIEKF 2G0T 5E L B ESE T <0.05). %4EEKH, TIGAR Mk
YA AL T R AT 5, NG BHRATTE TIGAR AHIC TN REIIE S50 2552 1 IR Stk

1.5+
* Kk
; . B+
Si-NC Si-TIGAR 2 1.0-
X
%
TIGAR %:n_
S 054
=
B-actin

Si-NC  Si-TIGAR
G) (b)

Figure 5. Verification of TIGAR knockdown efficiency by Western blot
5. SIRENEEIIERR TIGAR R E
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3.5. TIGAR Ri{Ex B REYM ROS 7K FHIR N

JNEHA TIGAR X B A 2 4 fd N ROS 2SR ER, 7EIi i TIGAR Bk A i A fm, S
DCFH-DA e HEH KM A375 41BN AL ROS /K. SR 6 i, SxIEAAEL, TIGAR ikl 2
RN ROS MFOGIREE BE TR, WIE S M EAEE, ©EMVTIELPARE ROS /K25
HAESIT 53 L (p < 0.05). %45 R KW, TIGAR 7E 2 A ZFEAIMH BA 7 iiis ROS KFHThEE, X4
TIGAR FiA# NG, UM ROS =4 il k- FAT 4T i, 33 ROS FIFX B3 0.
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Figure 6. Effect of TIGAR knockdown on ROS level in A375 melanoma cells
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3.6. TIGAR BRI & R AAIEERE N R R

AT TIGAR X J& (0 3R 4 GE e ) R4 /E R, AHIF 58 R A CCK8 VLTl TIGAR ik 5 4 i
(3G 77, St a7 Bizr, TIGAR R4, A375 21 1R FE B 5 3 PR,  HAERSFRAN I
] S R — ) N E . G IEET TIGAR MUK FE4HMN ROS A NILInLs R, FR %R R
TIGAR 1E 5t 200 20 bt G A% v R FE OB BEVE T, HERIA T AT Id ROS flkiiid 1% i 22 # i €
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Figure 7. Effect of TIGAR knockdown on the proliferation of A375 melanoma cells
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4. W1ig

P IR R T B e BOUIE SR I R SRR S A, ERARTE R SR RE Hh 1 B 4%, (HIL5]R
IFET I 1 5 5 57 e BB T N B 80%, H L ABRR 7 H IE 2 Pus T+ 34[28]-[30]. AR,
AL NEHT[31] [32] JERIFH G AE[33] FERIK[34EZ N K, WHE WAL BORBHIRERE.
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