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Abstract

Objective: To explore the effects of the SH3 domain-binding kinase 2 (SBK2) gene on the apoptosis,
cell cycle regulation, and metabolic reprogramming of gastric cancer cells. Methods: Using lentiviral
vector-mediated gene editing technology, stable transfected KATO III cell models with SBK2 gene
knockdown (sh-SBK2) and overexpression (OE-SBK2) were constructed. Flow cytometry (Annexin
V/PI double staining method) was applied to systematically analyze the regulatory effects of SBK2
expression levels on the apoptosis rate and cell cycle distribution of gastric cancer cells. Commercial
detection Kits were used to analyze the contents of ATP, glucose, and the activity of lactate dehydro-
genase in each group of cells, to evaluate the changes in the contents of products related to meta-
bolic reprogramming of gastric cancer cells due to the expression of SBK2. Results: (1) The results
of flow cytometry detection showed that OE-SBK2 significantly inhibited the apoptosis process, and
sh-SBK2 transfection significantly promoted cell apoptosis (P < 0.001). (2) Knocking down SBK2 led
to an increase in the proportion of cells in the G1 phase and a decrease in the S phase (P < 0.001); in
the group with SBK2 overexpression, the number of cells in the G1 phase decreased (P < 0.01), and
the number of cells in the S phase increased significantly (P < 0.001). (3) The results of detecting
metabolic-related indicators showed that the contents of ATP and glucose in the OE-SBK2 group
increased significantly, and the lactate activity was also significantly enhanced (P < 0.001). In con-
trast, in gastric cancer cells with SBK2 knockdown, the contents of ATP and glucose decreased sig-
nificantly, and the lactate activity also showed a downward trend (P < 0.05). Conclusion: This study
reveals the tumor-promoting role of SBK2 in gastric cancer and clarifies the key molecular nodes
through which it promotes the proliferation and anti-apoptosis of gastric cancer cells by regulating
metabolic reprogramming. It suggests that SBK2 can be used as a predictive biomarker for gastric
cancer and a candidate molecule for targeted therapy.
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1. 51§

B % (Gastric Cancer, GC)/& TR YR T B B L 57 41 (Bt g, & 3R ECH WL IYE AL R G0 e
[1]e GC BIARIR IO 2 AL E Fra e R A HEA 5 =, 051 423k GC B AR Al GC AHIRBET
BRI 44.0%F1 48.6% [2]. B J K R HIERFREE | 12 Wi 2 Bk e 2 i, SEURRIGIT R R A,
BARTUGHLZE, 5 FEAFERLN 20%, Him KRB ST RN ET Rg Mt & 5rE ik 1 ITE 7,
AR R AT A . AR YT SRS S 2 R R AR T R R R (3], TRtk WA B e R AR R R AR
KRR ER GC RN, 697 M HlE BA = 2R E .

AU B g R AR T E B AR, FLRENS (s 40 i AN E 7238 = RS R B TR, R AR
SO 5 TR PR AE I ) I SR R A& (4] Brboeg AR B A A% Co LR 2 2208 SO SRR I A 3 2t
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FE A AN g IR AR I = 263818, Hh i SRR S5 GC R AR K B M55 . AL E A T R 4H o 4 5
1RGN A ATy, T8 I Y R A 85 (R (i b i Ak 3 7% 5] [6] -

SH3 4 Fylf 4k &34 2 (SH3 domain binding kinase 2, SBK2) /2 22 5 2/ 2 B 25 1 IRl 5 e i — 1,
FRIE T ONAINE, 20BN, R EE TN 7). R AL B AR R R Z RN
Az —, B ATP BERRILRE A, WIBHAR. IEHEMIIRE, gk, W, RiAES
& R A AIE N [8]. Oprea [9158 NF2HH, VI 20 MR 7840 W 50 1 2 13 Ve 1) S o 2808 ) R AE IrfRg A= v
EEOREAE . SR, SBK2 TEMSAE H I B AR DI REAS IR . A BAUR S SL 00 A0 5T B, SBK2 7E B #4141
RIS E S T IR AL, I HUTER SBK2 [RIA v 4] B a4 M 58 . 108 LR 28R /1[10]. HE T
XU E BRI, AT SBK2 1E B K AE K B I T LRI T IR AR TE,  H pi R s HAEARI g
R OER,  DUAE R SBK2 1) 15 J b VA I7 52 (1L U8 S R BB A 4 A S 6 4%

2. BMREREE
2.1. SLHHRY

N B4R KATO I 40/, IMDM $5973E. 0.25%ME0 . 20% a2 3% 1%KkEHHR - HER
TR & PUEZ | plvx-shRNA SBK2-ZSGreen-T2A-puro. pCDH-CMV-MCS-EF1-copGFP-T2A-Puro SBK2. ATP
TrEAF RO ARG S FLER I SN b AR T & . Binding Buffer. Annexin V-
FITC. PI #:fa5f]. RNaseA.

2.2. SEWTFE

2.2.1. {ApEEESE

¥ KATO III 403535 T 79% Iscove’s Modified Dulbecco’s Medium (IMDM)ZE AR H1,  HAME 20%M4
[l (Fetal Bovine Serum, FBS) X 1%iREHFH R - B RIBEIUERBN . HBEH 5%CO, 1 37CHHE
IR 75 RGUHATR 7% & AT 85 32958 B SO A5 22 W

22.2. BRENAERESE

(1) Ff% SBK2 1295 A4 & . f# ] plvx-shRNA2-ZSGreen-T2A-puro FIiEH A, Wit IH9H A4 [H SBK2
f’] ShRNA 7°41(5°’-GTCACCCATCGTCAGAAAG-3’), 5%k psPAX2 fil pMD2.G L5444 293T 4
L T NS TR B R . R TS AT, B Y PR AR SR ARG I RO

(2) iFKIE SBK2 18 #:H4 % : K5 SBK2 [ 7] % i /7 51 (Coding Sequence, CDS)4fi A pCDH-CMV-MCS-
EF1-copGFP-T2A-Puro Fik#fk, M= A1G0ieE. AbEANR R EMaiEE, MORHEH TE8.

(3) 1@WIREE YL B KATO NI ARtk T A0l 7R I, 24 h JG #4752 . J3 A IR o0 Rt
(NC). Z#H (Vector)id F ik 4 (OE-SBK2) LA K il f 4H (sh-SBK2) 7 B¢ J& 4 KATO 111 41 /il

2.2.3. mAHEAR

(1) FAT AR T2 B E R AR B 5 % 10% cells/mL, T 6 FLEFFEMR(2 mL/L),
B fa U sE, SRRtk PBS iEBE. THAL . B0 ERME, FH PBS YekHE . B0 . H Binding Buffer
HE, FAREREFIIA 5 uL # Annexin V-FITC, #YC=IRFEE 15 2%k, #MIA 10 uL # PT 45,
AREEENG SN 10 23 BP ), SLEDIIN 200 pL VKB &S & il b v . gL 5 AN IR s # 2 i
i, BeEJEREART 1 /NSRRI 40 B T A AT R S A A

(2) It ARSI 20 B B - B L 2 (1 4 R FE TR RS 5 < 10% cells/mL, 4% B8 2 11T (14 43 20 43 Sl # e T
6 fLAR, HFLIIA 2 mL difRl. 250/ U0EEgIN, FH 4°CHlA PBS Pk 2 K. I 500 uL HI&H
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RNaseA (100 pg/mL)f] PBS, 37°CH#¥E 30 min. %M 50 ug/mL %) P, ¥ F 30 min. Ti# PBS iG¥E 3 K,
FERE B TR A R AT RN, LA A 0 R B 0 o A 1

2.2.4. ATP &0

WS4, R ATP 23 rilksn S AT Al . BSOS o 10 4B M 42 8 2 > 100NN 0.3 mL 371 —(2
mL EP &), SR M R 35 o R RS A5 DUAE i BSObm o SVR A, IR 33E 77 37°C JB2 30 mins
IINGUE RIS, W BIiE T IE . BEARAY 636 nm KM EROLEAE, 15 ATP & &.
2.2.5. HERERD

WSR3, SR & P MRk S TR I . AR S U, 1 A AR I R ol N
DUFE T EARAE RS, 37°C M 10 mine BEFRX 630 nm I K 2 WG FEAE, TR0 &R

2.2.6. FLERHEM

VARG 3G, SR FLER /0 iR @b AT A il o AR A S U B A5, 1l A VR P S N AR5 U o
ShRAE S, NS 37°C B 10 min, IR I[N . BEFRX 450 nm B EROCEEAE, %5
AR BN AR L

2.3. GESW

A5 K FH SPSS 26.0 F1 GraphPad Prism 8.0 EATHHE A FE 5 504 . FrA SLIG3 G =Rk, iR
RUSME + brdEZ (7 £8)3oR, HRBMERHECKH t &, 24100 2 51 HBCR H B A &= 7 2 70 i
(ANOVA), PFlFH 2 HEIR BN ST 2R B EW, DL P <0.05 BREARIMEERCIRE P <
0.05, "fF P<0.01, "% P<0.001).

3. 58
3.1. SBK2 FiAF I B B4 AT

AFALGERER: 5 KATO I X HRZHAH LG, BGLBH P XS BRNC)ZE 0 20 ff 3 T 2 3% A 2 35 52 e (P >
0.05); 112 E AT SBK2 H[Hmijdi et vk sh-SBK2 4H 3 ik TAHARIA TP < 0.001); ZHAMA
KT T 2% A B (P > 0.05); #HJ, SBK2 3 [Aid FRIAL (OB-SBK2) M & & fii ] 7 40 fa 7 1~ 1y 3k
(P <0.001). (LA 1)

3.2. SBK2 FRiAALF N B 4 A F #5315 SI8TERE S

BT R BN, 5 KATO I X BB EL,  ERGLBH X B (NC ) 55 1 s3G04 G1 #AA S 1
I L R 02 5:(P > 0.05), HLANMIIE B8 T A PRFE— 35 BEYL sh-SBK2 Ji # (1)L ia 4, G1
20t B A1) S 25 B AN CUP < 0.001), RIS HI40 M b 451 5 3 8/ (P < 0.001), 4GB g I SRk ES s T
YL FRIA SBK2 Hi B 1 5250 41 R I G1 HAZH A L sk ("P < 0.01), S B LA 2. 2 38 hn(P < 0.001),
YA AE ) R E R . (LK 2)

3.3. SBK2 RikX} ATP 2 BRI

LI R R Y NC R B0 ATP KT 5 R AL, HREREEREIL, X
W B 3 A 0T 20 F 1 BE AR P AR 40 IR e sh-SBK2 Wi # 5, ZHA I ATP S EA T R, (0%
FARCP<0.05);: MK, Gt Fik SBK2 ik 73 140 M B7x 2 E 1 ATP & &3P <0.001).
(L1 3)
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Figure 1. Effect of SBK2 expression on cell apoptosis
1. SBK2 FiA X A TR0

KATO I KATO I+NC KATO II+shRNA- KATO I +Vector KATO II+OE-SBK2
SBK
LB

G1-Phase(%)

Figure 2. Effects of SBK2 expression on cell cycle distribution
2. SBK2 FIAXT 4R HA 5> B2

3.4. SBK2 Rz EEFERI RN

WFTSE R BEER I AR, 5 KATO I 4R, &Y NC IR 48 i GLU KF%A
BEFLI(P > 0.05); Y% shRNA 5 8 1 5 BRI T 408 N I GLU S &(7"P <0.001); & ¥eit %Kik SBK2
I 75 F 4 i B B E N GLU & &(7P < 0.001). (WLE 4)
3.5. SBK2 ik} FLEL Bt S EGE 1RO R M

LDH 35 JISCE 45 R M. 78 0 h I, & AbFEZH LDH 3% JJAHUT. 24 h I5F, sh-SBK2 ZHA1 OE-SBK2
HEXTIRZLAHLL, LDH 36 77A 5% 2 7%(""P<0.001), I THaE %Rk SBK2 JE K X401 LDH & 71
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PR T S0, OE-SBK2 #H1) LDH 3% AIAHX 8. 48h b, X Fh2 28 NI, OE-SBK2 41ff) LDH i /1
izt T HARZ (P < 0.001), 117 shSBK2 LMK T KATO 1T 44(°P < 0.05). (WL 5)

0.8
0.6
0.4
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ATP ( pmol/1#10"%)

0.0- T T

Figure 3. Effects of SBK2 expression on ATP content
3. SBK2 FRIAX} ATP S EFN
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%k
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Figure 4. Effects of SBK2 expression on glucose content
4. SBK2 R EEHE I 2T

800

b mm KATOIII
Fedek = KATO [I+NC
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Figure 5. Effects of SBK2 expression on lactate dehydrogenase activity
[E 5. SBK2 =ik Xt FLEL it SUBEIE 115200
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4. ¥hig

By — Pl B S S R R, R AR R R K 2 By T LI I RIVE A . ek, ARITE
GRAEAR N 2 IR A PO S AR L ST PR B B P S B AIL A [4] 0 ASHIE TR 18 005 7 IR e 2 SBK2 i
RS KA AR, BRSNS SR R T SBK2 5 Bh s AR 2 gm FE (L 2k 15 g 40 i T M 36 5 K bt
FTIPER, B AR LT T RERT AT, ARG T SEE B R SR T I8 S 5

AR g R 2 T 40 M AE R s R B AR B A N, B S A B AR R R A @ &, DA S AR YR &
WG SRR [P 4 T R B A . FER AR A R R, AR gm AR AR Dy 4 ) G B RRAE 22—
IR SRR B EE W TEITR G SRR H s, SCREMRE AR R POd G 5E . A5
FEERE[11]-[13]0 X —id TR HIEEHATENE . (LR FORE AR« o e 630 55 FL [RIAL) R R 1) -+ Kb &
PERFIE, JFORIERISHT . TG PN A a7 R At 1 S S A 2 Rl

BT AR A B 2 A S B Y R T TSR O o IR VR 9T S SRR ST T 1) [14] [15]. Herb, Warburg
RN R BT IAZ ORI 16]0 AR RIAEAEA %A T, AL SG I RL B AR (Glycolysis) M A AL
& {t.(Oxidative Phosphorylation) KA & ) 0%, 7 A K EFLIR « X P I I RAEPR N “ Warburg R0
BYCCR AR, HAEE ALK Otto Warburg ££ 20 40 20 FAREH ORI 17]. FATHIHE TR I,
SBK2 7t B i 40 i 5 f A B g A R o R 45 B R S IE [ 5 VE ] . SBK2 FId 3638 BB (2 35 19 ik
B A0 O RS 1, RN ATP SN, HEE S BN S AL BRI S 0. AR, R
SBK2 N 1 ix LR R AR OCHE b o IX R B SBK2 2 145 B i 4 M W P At (1) B2 01, FLRIA/KCP AR
WHEBEE AR R EAEEN. CARTFRY, 2R Rl i 120 e i Oc i iy BURH 50 {5 5 il i 52
M) 15 e 200 ML D AR S o Mgl W P A DG Bl HK2 7E 22 b i v e s, LV P00 5 ] (o 4 2 0 1)
T2 A 35 AR A, AT S 4R I8 AT P 1 e 1 75 R T 6 HIK2 P41 771 3-BrP A DL K% i R SR W 4 1) 351 SCT
LI S RE W a5 R MR R i A . T IMPUA T8 A Bel-2 IF BRI T8 A Bax, HuR4biiAs S HI40
MRS S, A B0 B ARG TE[ 18] [19]. MAh, HHFA/RE A (LicA)fEN—Fh¥i A HK2 #iii]
7, AMLBERS ] HK2 B 1, 38 7] TP AKT {5 508K, 25 BRI 5 o 40 0 1) 96 265 W0 SStEDCRI FL IR A2 1
I AN T [201X Lt ST AL [RI R U], EI AR A R A2 B R A R R b A R E A, IRt oA 1)
UGSt 7 EEARE . 5 LB, AT TN RRE D 7 MRS T SBK2 £E B A H 4
B EAE R o BURREAESC T SBK2 & MR AR i B S BB IR, (HARHE 7T 45 427, SBK2 IR
T I YR P A S B ) B BOE I, T SE M 4 e B AR . X — R I AR e A A 4 e %
PRt TR, o SBK2 AT e AL THEEEMA 25 S M BR 0 LR AT . 5 BRI B A L
BEXARE 2 A7 1T T00RT g BAT 582 R RORE, AT A IR V6 T S (L ) S

g5 BRTIR, ARTFHIR T SBK2 1L B A0 M E R AACH B IE IR, MRS T RES S B
MR EIm AR TAR . AR TR — AR SBK2 AT W B2 1 BLAR 73 WL, DA S FLAE A4 9 R 155 7Y
AN RFEA i ) RIERFIE R I REAE A . BEE ST SBK2 ThAgE M 45 (130t — D AT S FLAE R A oA 5% v () 4
WFARAWIER N, SBK2 A H i BT 2 Wibs SYAITE IR T AL, T A B IR TS S A
HERE 22 R e S (B I PR AR

SE ik
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