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Higis e R iBid PFKFB4 /758 GSK-3p/mTOR {55 iBKiF S 2 WHE 4k
=]l

RAF I, RERZ, I AR, RT3, BRI, REE ARiEsKR!, BEEF
1 WWREZ KRS, R HE 264003

2. IWREAREMRMETHEER, LR WG 264000

3. IWAREARZMEMEER, LR MG 264100

1*

H E: B UEHERER (gamabufotalin, CS-6) i WA YH TG FE MR,  AZH & WIREHE R B R CS-6 3]
SRR AN AL . ik BT CCK-8 SL36 . TwBETE ARSI I CS-6 %t HK-1 Al 5-8F AUARA I mHIEA; {5 R
FGHAACRTIN CS-6 %F HK-1 1 5-8F 21 A B4 A AR T (5200 ;s SR Western blotting A 41 il & 1% & B1 (Cyclin B1)
N W B K HS M B4F 1 (cyclin dependent protein kinase 1, CDK1) HIFEiL; KA ZAEN FH AL CS-6 /EH 4G
M7 RFIB I, TPA AR 22 e RIA B R 1) W SRS . R IE S e IEE CS-6 1EF T-4uMu 5 A Wik e st kA
Western blotting #ll f3 & #H 5% 85 4% 3 (microtubule-associated protein light chain 3, LC3). p62 . ¥ J& & Bl -3B (glycogen
synthase kinase-38, GSK-3B) /LAY TE A Z ¥ 1 (mammalian target of rapamycin, mTOR) JHEEAHICE ARIA; T
Wk ¥4 4% mCherry-EGFP-LC3 JibLfE, (fFECERARMENLEE CS-6 /£ T4/ BB R 2. T W5 PFKFB4
FE CS-6 755 S0 e 4T M3 i . J& 3 BEL# B W b B4 T, HK-1 1 5-SF 40 Hu % 4t PFKFB4 Fikije, % gRT-PCR 1 Western
blotting #5: 6-fEFR A -2- 1/ S -2,6- R4 (6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 4, PFKFB4) [
ik, RANMAEIE R EVRTE AL HE R 40 A B AR G EE R IA AR . RN S SRR R AR N R B, AT
CS-6 FTJa, MEMsdfmieE, RATFAR-FaOREWEME. . SHIUREARN, R R A A g 2H 21
Ki67 ik, FH Western blotting K g 2L - LC3. p62. CyclinB1. CDKI1. p-mTOR. PFKFB4. p-GSK-3p & H ik,
R CS-6 fEF T4 48h J5, fiehsE 2 3MH] HK-1 Al 5-8F MAAIETE (P<0.05. 0.001), HlHdmblik 450 8.684.
14.320 nmol/L; CS-6 3| # HK-1 I 5-8F i A= W1 2 H Go/M BIBH# (P<<0.05. 0.01), [RIf#4H0 Cyclin B1 1 CDK1 )&
HEIE (P<0.05. 0.01. 0.001); CS-6 7F 48 h ALFEZA: T ARFE S HK-1 fil 5-8F Uik A1, CS-6 &35 F#{k PFKFB4 1)
mRNA M EHEE (P<0.05. 0.01. 0.001), FELHNI P WSS B Wk SRR SR BRAE# S B s g A4, B LC3-11 BLAC T i
p62 M HEFIE (P<0.05. 0.01. 0.001), {2 AWK SEBFAIIRIE . K5 PFKFB4 BB/ 10 CS-6 X4t A3 5 i+
HICA RS R . AR DS R B R IAHIIEEEAE A (P<<0.05. 0.01. 0.001), FEA [ M/ MA M B A& I fh & % FH . CS-6 &3
WhN p-GSK-3p ik H:4MH] p-mTOR KL (P<<0.05. 0.01. 0.001); id3ik PFKFB4 A #B4ri¥i% CS-6 Xf p-GSK-3p I p-
mTOR FAE/ER (P<<0.05. 0.01). fRASZEEH, CS-6 WEIMEImIRE /N RMRAEK (P<0.000), SMEALNRARE
W7, HH IR ARG (P<<0.001), iR L LC3-1/1. p-GSK3p Fik I T i p62 Fik (P<<0.001), i p-mTOR.
PFKFB4. Cyclin Bl 1 CDK1 [ XA (P<0.01. 0.001), HXHFEFHLTLEM. 4538 CS-6 @i N PFKFB4, #ili
T GSK-3B/mTOR {55, WG e L AN B R, To R IEPT 2 EE1EH .
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Abstract: Objective To study the effect of gamabufotalin (CS-6) on the proliferation of nasopharyngeal carcinoma cells, and
explore the mechanism by which CS-6 inhibits nasopharyngeal carcinoma cell proliferation through cell cycle arrest and autophagy.
Methods The inhibitory effect of CS-6 on the proliferation of HK-1 and 5-8F cells was detected through CCK-8 assay and colony
formation assay. Flow cytometry was used to detect the effect of CS-6 on the cell cycle distribution and apoptosis of HK-1 and 5-8F
cells. Western blotting was used to detect the expressions of Cyclin B1 and cyclin dependent protein kinase 1 (CDK1). Transcriptome
sequencing was used to screen for differentially expressed genes after CS-6 treatment, and IPA software was used to analyze the
enrichment pathways of differentially expressed genes. The ultrastructure of autophagosomes after CS-6 acts on cells was observed
using transmission electron microscopy. Western blotting was used to detect the expressions of microtubule associated protein light
chain 3 (LC3), p62, and glycogen synthase kinase-3f (GSK-3)/mammalian target of rapamycin (mTOR) pathway related proteins.
After transient transfection of mCherry-EGFP-LC3 plasmid, the changes in autophagy flux of cells treated with CS-6 were observed
using laser confocal microscopy. In order to investigate the effect of PFKFB4 on CS-6-induced proliferation, cell cycle arrest and
autophagy of nasopharyngeal carcinoma cells, HK-1 and 5-8F cells were transfected with PFKFB4 plasmid, qRT-PCR and Western
blotting were used to detect the expression of 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase-4 (PFKFB4), as well as changes
in cell survival rate, colony formation, autophagy flux, cell cycle and autophagy related protein expressions. A mouse model of
nasopharyngeal carcinoma transplantation in vivo was established, after CS-6 administration, tumor volume and weight were
measured, pathological changes in tumor, liver and kidney tissues were observed using hematoxylin-eosin staining, Ki67 expression
in tumor tissues was detected using immunohistochemistry, LC3, p62, Cyclin B1, CDK1, p-mTOR, PFKFB4 and p-GSK-3p protein
expressions in tumor tissues were detected using Western blotting. Results After 48 h of treatment, CS-6 significantly inhibited the
proliferation of HK-1 and 5-8F cells (P < 0.05, 0.001), with half-maximal inhibitory concentrations of 8.684 and 14.320 nmol/L,
respectively. CS-6 caused significant G2/M phase arrest in HK-1 and 5-8F cells (P < 0.05, 0.01), while increasing protein expressions
of Cyclin B1 and CDK1 (P <0.05, 0.01, 0.001). CS-6 did not induce apoptosis in HK-1 and 5-8F cells under treatment conditions of
48 h. CS-6 significantly reduced the mRNA and protein expressions of PFKFB4 (P < 0.05, 0.01, 0.001), typical double-membrane
autophagosomes and autolysosomes were observed in the cells, CS-6 upregulated LC3-II/I and downregulated p62 protein
expressions (P < 0.05, 0.01, 0.001), promoted the fusion of autophagosomes and lysosomes. Overexpression of PFKFB4 could
partially reverse the inhibitory effect of CS-6 on cell proliferation and regulate the expressions of cell cycle and autophagy related
proteins (P <0.05, 0.01, 0.001), and inhibit the fusion of autophagosomes and lysosomes. CS-6 significantly increased the expression
of p-GSK-3f and inhibited the expression of p-mTOR (P <0.05, 0.01, 0.001). Overexpression of PFKFB4 could partially reverse the
regulatory effects of CS-6 on p-GSK-3f and p-mTOR (P < 0.05, 0.01). In vivo, CS-6 significantly inhibited tumor growth in tumor
bearing mice (P < 0.001), induced pathological damage to tumor tissue, inhibited tumor cell proliferation (P < 0.001), upregulated
LC3-1I/1, p-GSK-3B expressions and downregulated p62 expression in tumor tissue (P < 0.001), downregulated protein expressions
of p-mTOR, PFKFB4, Cyclin B1 and CDK1 (P < 0.01, 0.001), and had no effect on liver and kidney tissues. Conclusion CS-6
exerts an anti-nasopharyngeal carcinoma effect by downregulating PFKFB4, thereby regulating GSK-33/mTOR signaling pathway
and inducing autophagy and cell-cycle arrest.

Key words: nasopharyngeal carcinoma; gamabufotalin; PFKFB4; autophagy; GSK-33/mTOR signaling pathway
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ITFB, AHA WA SR e A R g AR, 25 5 m) JA [
HEURE Ry B 2w R, FEEZH T
B MY R AE R AR . Kby &t
PR DI RE R R B, R AR R AN RO,
JE ) R AR A RO, PR, FAR AT DL A
A BURTT S 2502 AR B AT

LR, RN FHPRHACE . R
SRR 2 S vy e AR R, AR PR A %
2 HEN2B], HiEkk e R (gamabufotalin, CS-6) 1
9 TR TR S I /N 73T AT A R AR AR i 1
FAEGAS R, 1 22 Fj e v i I8 (43 20 A e
B RRE R R RE AR R ) R B Y e R BT
Rua-161, SR CS-6 7E S MR H R vE 97 15 FH oA B
o 4 E VAR A LERR AN N RS I S, L
LB M TFIRANTET . 6-TE R T -2- T B/ S -
2,6- T ER -4 (6-phosphofructo-2-kinase/fructose-
2,6-biphosphatase 4, PFKFB4) & ¥ Bl F2 o 1) 5%
EPREEE, R RE-2,6- BERR KIS, A
FLR I, PFKFB4 1E 2 Fmiii Can s i iR 20 A
S FION B ) 13 B R IAU9-20), HRIA/KF Eif
25T 24 1 1 58 5 D AH 9%, HeLa 41 i SI256: £ 11F 523X
— PGP, BT 7ERE R AR % R ) VE B 41, PEKFB4
W5 KGR A AR A T, A
T RN FE VAT HE 522, PFKFB4 if 51 +5 41 g
H WA 23240 Je Tt A FLPARTT CS-6 % &R
Jet 0 L PR 2 e B AR R AL, R SRR I PRV T 5 %6
(T A BRI T 37 A EE R I HE A SI256 LA
1w
1.1 4AAam

N &% HK-1 48 (45 TW-CC8200) F1 5-
SF 4l (HL5 CLO011), 45 [H b im g sk 4
i 2 R o P A R A PR A R s B B2 293T
4 (k5 CBP60439) W4 H i BMEAEM R A
FRAF
1.2 =4

24 W SPF vt BALB/c #E6, 4~6 &L,
AR 20 g, 1 A WL RSB S I RHCE BR A W]
AFEYFIES SCXK (&) 20220006, h¥i &4
FEIES NO.370726240101644726. Sh¥ia g% TiEM
B 24 e S 4 S 56 Hh Oy R SPF 28 S 6 Sh W) 5 it i R 4t
W, FREIERTESII DS TR 1, DAERE A .
I VRN B S B s Ae B R s HthiE ok
5 2024-1L097).

1.3 AR5

CS-6 (Hit'5 HY-N0883, 43 FiLN CaH340s,
FHXS 73 F T 402.52, JlE 50N 99.96%) 1 H 3%
MedChemExpress A ® ; Ja 4+ i (k5
KGA6006-50) I HILR I AEMBHEA R A A F
BR-HHERBEEY (LS SV30010) 1 H % E
Hyclone A A JREEEHAK (kT 15400054)
6 H 3 E Gibco A 7]; 4%% T HEE (L5 R22038)
WHHERERHEARAR: 1%4 &% (itS
BL2248A) W H %% BIO-SHARP A ]; CCK-8 it
7 (kS CA1210). DNA & E/MAH & (its
CAI1510). TR AR & (5 CA1020). SR
RIPA AR (LS RO010) . 25 1 ol g ity 4400 )
7 (5 P1260). =R HIEEIEH LT (Tris, #t5
T8060). HEM (L5 G8200). 10% + ke hilz
B (SDS, #it'5 S8010). BCA & KM &7 &
(k5 PC0020). SDS-PAGE #EZBCH k7 & (s
P1200). E1LZEE-20 (45 T8220). 5XEH LFf
ZErPR (35 P1040). DMEM s Gits
11995). RPMI 1640 JERRE 23 (LS 11875). —
i 3£ P A ( dimethyl sulfoxide, DMSO, #it*5 D8371)
W E AL 2 EERHA R AR PVDF i (it
5 88518). Lipofectamine 3000 (3tt5 18324012) I
H % [# Thermo Fisher Scientific A &]; ECL {L¥ %k
Je R ('S WBULS0100) 1 H 35 E Millipore
ANE IR IEA Bl (Cyclin B1) ik (its
28603-1-AP) . Ji & B MK PE BEE 1 Ceyclin
dependent protein kinase 1, CDK1) & (Hit'5 19532-
1-AP) . I FL.3h¥ 8 105 # 4 8 H (mammalian target
of rapamycin, mTOR) #ifk (L5 66888-1-Ig). p-
mTOR Hifk (5 67778-1-Ig) H A &5 ol Bt i 1 -
3B (glycogen synthase kinase-3p, GSK-3p) fifk (#t
5 82061-1-RR). p-GSK-3p Fifk (it 14850-1-
AP). WUEHMREAKEE 3 (microtubule-associated
protein light chain 3, LC3) Hifk (4it5 14600-1-AP)
It F 3£ [H Proteintech A 7]; mCherry-EGFP-LC3 Jii
ki (b5 C3002) TWH FgE A RAEVHEARGARA
Al FRREGAAN & (iS5 DP103-02) W H KARA:
R (b ARAF; AR s
639503) W H = HEAEMEAREIR AT, PFKFB4.
GAPDH 5% (4it'5 AB230515) W b s a4
IR R AW p62 Fidk (T 5114T) Iy H 3L [
CST /A ; PFKFB4 Fiki (L5 FO156166) I H il
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MFEME YR B A A s PFKFB4 ik (Ht5
GTX638208) W E[E GeneTex AF]; Ki67 Fifk
(b5 GB111499) W H s R4 /R AR A PR A
Al ARTIAR (LS abs42013299) T E i E s
EMRHEAR AR &5 (S5 230413B1). 4
(#£'5 230901D D) W H FBERFERD AR AF]; 7
PEE (5 20201018) 18 H M & = Atk 571k 2%
AIRAH .
1.4 Y5

Forma 3111 A CO2 4Hfiu 35 7# 46 (3£ Thermo
Fisher Scientific %] ); DW-86L626 ALK IKAE
GEF/REE[HD); Research plus B 25, S810R B &
ARAHE L (fE[E Eppendorf A F]); Infinite 200
pro 4K L el bR (Bt Tecan A F]);
WNE10 % B UK H . UN30 ZY o S iE i T84
Autoclave HVA 85 Y & [k 287K K I fw (1&
Memmert A#)); 1875H B A B EELS: (R
Crest A7 ); PURELAB Chorus #4457k A% 2% ( H
AFA T HL#%); FACSCanto™ AL it 40 ML (£ H
BD /~#]); PowerPac Basic 2 B ykfX (35[H Bio-Rad
A7)); DMi8 manual %5 B 7t B s (1l E3RER
ANT]D; T1000 FUPEIR . VX200 BURRIR % o8 ([
Merck Millipore /A 5]); LightCycler 96 7 SZH %% )
SEH PCR (B L2 [RAT]); Zeiss LSM8S80 Yo
HRERME (FEEZF AF])); JEM-1400 BUE S,
M 2e (HAB RS,
2 7k
2.1 ZYIECHI S MpEtE T

CS-6 & FH AT DMSO 1, il p 124
mmol/L &, 7745 T80 CREGIRAF

HK-1 400 & 10%M64- MG 1% 555 %=
TREV DMEM 58435780k, 5-8F 40 & 10%
fa4- MG 1% 555 R IRA W E RPMI 1640 584
BrIRdk, 4837 C. 5% CO» B IR A i LG 5%
2.2 YHREIETENIE

B SR K HK-1 B8 5-8F 400, 4351 A
6 X 10* NAFLEEFIT 96 FLA, &FFL 100 uL 41
Mo AMNEEESS, DRI ZIRE N 1. 34 9. 27,
81 nmol/L ] CS-6, 1EF 48 ho XFHELIIAAE 2
I RR TR, SR E AR A AN S 2 AL
FHK 3 ANESL. BFLIIA 10 pL CCK-8 7,
37 CHOGIE 2 h, AHEIRCNE 450 nm 4L
R () H, RS R,

NI R = (A se—A 2e)/(A se—A 1)
23 YRS FERZ AR SEIE

UGB K HK-1 5% 5-8F 4008, 2> %ILL
500 ML T 6 FLAR, BEFLINA 2 mL 5828557
H, T 37 C. 5%CO, i Ffahist. &2 KREH
1 A FREE, Ry BN A PRI R AT AL ) o o ] e
(7~10 &), A HIIIAAIFEIAR L) CS-6 ALEE 48 he.
HK-1 40 M (AL BRIR A 3+ 91 27 nmol/L, 5-8F 4l
AL BRI EE A 7.5 15.04 30.0 nmol/L. AbFEZEH
G, FERIRIE, H4%ZEREEEE 30min, 1%
gE Rt 20 min, IRBIKGEIETR L L KR, =
R TEHIE. A H Image J BH4-GiiH-L A
SRR (=50 NN 1A,
24 HPREESATH
2.4.1 MRS % HK-1 F1 5-8F 4H g 43731 BA
3X10° AN/ALEMT 6 FLAR, WiEEF AR E
CS-6 4bFE 48 ho WLEEZHML, FHTUA R PBS ¥k 2
W, N 1 mL T4 75%48, T 4 CHE5E 4 ho
1 500 r/min 250> 3 min, 3 2 ZFE, A 100 pL RNase
AR ER, 37 C/KIMIFE 30min. BEEHIA 400
ulL PT 4R 2), 4 CHEOEIFE 30 min, {FHR
AHMIAAE 488 nm WU IR T R il 248 i A - DNA
R iip
2.4.2  AHOP TR HK-1 F115-8F 4 7 51l LA
3X10° AN/ALEMT 6 FLAR, WHEES INIAAS R EE
CS-6, Ab3 48 ho W EEAMI, FH A PBS Pk 2 IR,
1 500 r/min B> 3 min. M ELZT 100 pL
Annexin V 45 &M H, S 5 uL Annexin V-FITC
1 5uLPl, BEIES], FREEHE 15min. A
400 pL TVA LR, 7 B o R i SRl o A3
FlowJo #AFHHHH IR TS (Annexin V*/PI-) Flig
JET: CAnnexin VHPIT) 4 EL A3
2.5 Western blotting M8 X E B FRIX

IEEL CS-6 KbHE R4, I 2 AR
341 711 Rl R T 11 461) 771 ) RIPA. 400, UK 244 30
min, 10min 8% 1 K. 4 °C. 12000 r/min 55>
15min, U EiE, RH BCA e EHWRE . B
HEEBEMA SXEA EFEZHE, T 95 T 10
min {5 85 28 . B8 FIRE AR 28 10%~12% SDS-PAGE
KB 5, % PVDF i, H 5%Miis k=
ImEA 2h, TBST Pl 3 K, &K 10 min; JIA—
P, T 4 CELH; TBST ¥l 3 &k, K 10
min, JIA HRP Fric ) —3t, ik % F 40 min. TBST
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Vel 3 E, A ECL L2 KOG 5, B R
B ARG RAERE . f# Image T #1EE B4
IKFEAE, UL GAPDH AWZiHHE B BE A AN R
Ty
2.6 qRT-PCR il PFKFB4 mRNA &ik

WERZ CS-6 AHE S MMM, KA Trizol %42
40 Al 2 RNA, NanoDrop 2000 5 RNA < K&
SR (Aagoldaso TN 1.8~2.0) HL 1 pg i RNA,
f§F PrimeScript RT 7 &l % 5% & i cDNA. B
cDNA FEHR, i SYBR Green %% 4k}
LightCycler 96 SEI 7 E & PCR X AT 3
51¥7%5: PFKFB4 1514 5°-TCCCCACGGGA-
ATTGACAC-3’, Fii#51%) 5°-GGGCACACCAATC-
CAGTTCA-3’; GAPDH 551 5°-CATGAGAA-
GTATGACAACAGCCT-3’, TFif5% 5°-AGTCCT-
TCCACGATACCAAAGT-3’. L\ GAPDH AW 5%t
A, KR 2728+ PFKFB4 mRNA FHX R ik &
2.7 RNANMFSHEMEERZSH

HK-1 40848 9. 27 nmol/L CS-6 4bFE 48 h )5,
4§ FH Trizol $2HUE RNA . RNA FEGZAE FigRR 5 A=
IR R A IRA AT S 27 . UL FPKM >3
Hllog, % F4% % (fold change, FC) |>1 (HJ FC>
2 8 FC<0.5) Jybr ik 2 = R ik B A
(differentially expressed genes, DEGs). #4 DEGs &
A TPA AT IEER & 5. 8L GEO i =
(GSES53819) F#i &M A CFRIAEHAR LR, LR
PFKFB4 7E &M 4 23 55 1E 55 4 2R a) 1 380k 22 5+ 5
FIF GEPIA2 74k T. H. (http://gepia.cancer-pku.cn)
M TCGA ¥¥EEh PFKFB4 76 S35 ik IR 2 g
it (HNSCC) JiE#HARMRIEKF .
2.8 RS

¥ PFKFB4 id & i&Jii ki (pcDNA3.1-PFKFB4)
548 B FRL pMDLg/pRRE. pRSV-Rev. pMD2.G #%
4:2:1:1 WELERES, M Lipofectamine 3000
JLEE LR 203T 4iiffl. #5445 48, 72 h US4
L EIEW, 0.45 pm JEREIE 5 AT FE M FF HK-
1 F1 5-8F ZHAE LA 5X 105 ANAFLEFIT 6 FLA, TN
TR RN B (AR 8 ng/mL), 37 CH
DS (1200 r/min, 90 min). YL 48h 5,
TS E R (2 pg/mL) WU IR AT IR I, &
2 R 1 IR, BERERFEAMATIET . k)
M40 b K85 9%, 8 iL Western blotting 46 il
PFKFB4 45 [ I8 7K LA IE i R IE R

29 BEHBETFREMBENEMBMEN

¥ HK-1 F1 5-8F ZHMfI LA 2 X 100 A/FLEEF T 6
bR, 4 CS-6 4bFE 48h 5, F 0.1% L1t 4 C
i 52 2ho PBS Pk 3 WK, 1%MIRJEEE 1h, B
LT 7K (50%- 70%- 90%- 100% £ EE %% 15 min),
T PR E R . B RS, 2 3% R A AN
Fr AR BR AR DU e fry, A FH O O il B B L 52 9
EiELi L
210 RBRAFZEKRNBEBESETH

¥ HK-1 F1 5-8F 405371 LA 5X 10* A/ L3k
FHRER IR, 85320 {#H Lipofectamine
3000 # %% mCherry-EGFP-LC3 Jiki, #4% 24 h J5
TN CS-6 #b#E 48 ho FFL¥EFREL, PBS Pl 2 X,
4%% B HEE[E % 15 min. fI\ Hoechst 33342 4t
W, HIEBEEEEE 15min. PBS ¥Rk 3 Wa, fHH
WORIL R A B ISR B ol 280 Il %
2.11 FHYPSLLE
2111 zhiEst,. A 54 % SPF Mt
BALB/c #RAZEFHE (23£2) C. fHE (50+
10) % 12h E/MEEARAEH, HHEETK. ¥
HK-1 4023 L 5X 107 A~/mL 8250481 R A 1
R (BEH 100 pl), Mg ARFRAE] 100 mm?
i, KN SRBEAL S X BZH AT CS-6 (5 mg/kg) 4,
6 K. CS-6 4 ip CS-6 (FT & 5% DMSO
ABRERIKD, KR ip AR 5% DMSO A4 HE
K, B2 REGA 1R, L5257 k. &2 RillE
1 IRBRE AR (L) FER (), R R ARR, [
B PR/ R &

JE AR FR =L X W2 X 0.5
2.11.2 FARZE-PZ (hematoxylin-eosin, HE) 44
WL IR BT B SR A Rk 255k H
ARFE/INER 5 38 iR 4 ARk e R i, U R S
FHL, BT 4% RHRBHEREE, 2% K.
A, YIRS, kg, 38T HE Qe i
AER RPER RS R, TR R N g2 4
B A L
2113 AR AL Kie7 Ri&  BUMIE
WA R, &Pt EE 5/ Kie7 —¥i, 4 C
IELR, —PiE. DAB . HARKRELEM
AKE o BRI IR U AL B AT, it
0 Ki67 BRI S S iR a3, 1F 5 Kie7 4
HTETEHL
2.11.4 Western blotting A&l &g 20 Z3AH OC B F13R
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ik BUMRER, $ 2.5 TR AE SR R Rk
212 FitEDH

i $5% 1 GraphPad Prism 9.0 #433E47 4
THo 8T AT ELEBCR FIBSIAEAS ¢ ke, 22 2H1H]
IR FH LR 255 2290 BT (one-way ANOVA), JE4E
PRI LR F Tukey Rl . #dlELL X £ 5 £oR.
3 #R
3.1 CS-6 HIHI Sz AL

WKl 1-A Fios, CS-6 &0 HK-1 Al 5-8F 4

120
80

40

IS /%
MRS/ %

0
X1 3 9 27 81
CS-6/(nmol-L71)

0
XHE 1L 3 9 27 81
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A-changes in survival rate of nasopharyngeal carcinoma cells after CS-6 treatment; B-morphological observation of nasopharyngeal carcinoma cells after

CS-6 treatment (x 200); C-colony formation of nasopharyngeal carcinoma cells after CS-6 treatment; “P < 0.05 “P <0.01 P <0.001 vs control

group, same as figs. 2, 3, 5, 8.

El1 CS-6 MHI2EAEMAIETE (X+s,n=23)
Fig.1 CS-6 inhibits proliferation of nasopharyngeal carcinoma cells (X +s,n=3)
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A-cell cycle distribution of nasopharyngeal carcinoma cells after CS-6 treatment; B-expressions of Cyclin B1 and CDK1 in nasopharyngeal carcinoma

cells treated with CS-6; C-apoptosis of nasopharyngeal carcinoma cells after 48 h of CS-6 treatment.

NE 2 2m At B HAPR FF T AN E S ARAT (Xts,n=3)

Fig.2 (CS-6 induces cell cycle arrest without inducing apoptosis of nasopharyngeal carcinoma cells (X £ s, n=3)
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A-observation of autophagosome formation in nasopharyngeal carcinoma cells using transmission electron microscopy (x 10 000), arrows pointing towards

autolysosomes; B-expressions of LC3 and p62 proteins in nasopharyngeal carcinoma cells treated with CS-6; C-changes in autophagy flow of

nasopharyngeal carcinoma cells after CS-6 treatment (x 1 000).

B3 CS-6i5S2REMEAEHIES AR
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Fig.3 (CS-6 induces autophagy and increases autophagy flux in nasopharyngeal carcinoma cells (X £ s, n=3)
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A-KEGG enrichment analysis of top 20 bubble plots after treatment of HK-1 cells with 9 nmol-L™! CS-6; B-KEGG enrichment analysis of top 20 bubble
plots after treatment of HK-1 cells with 27 nmol-L™! CS-6.

4 DEGs i KEGG E&E 71
Fig. 4 KEGG enrichment analysis of DEGs
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D-mRNA expression level of PFKFB4 in nasopharyngeal carcinoma cells treated with CS-6; E-protein expression level of PFKFB4 in nasopharyngeal

carcinoma cells treated with CS-6.

5 CS-6 TAEEfEMS PFKFB4 1935 (X+s,n=3)
Fig.5 CS-6 downregulates expression of PFKFB4 in nasopharyngeal carcinoma cells (X £ s, n =3)
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A-expression of PFKFB4 protein in nasopharyngeal carcinoma cells after transfection with PFKFB4; B-survival rate of nasopharyngeal carcinoma cells

after transfection with PFKFB4; C-colony formation of nasopharyngeal carcinoma cells after transfection with PFKFB4; D-expression of CDKI in

nasopharyngeal carcinoma cells after transfection with PFKFB4; “P < 0.05

“P<0.01

P <0.001.

6 PFKFB4 7£ CS-6 %] SR AAIEEF R F MBI P AER (Xts,n=3)
Fig. 6 Effect of PFKFB4 in CS-6 inhibition of nasopharyngeal carcinoma cell proliferation and cell cycle arrest (X +s,n=3)



F8 B 2026108 $57% B 198  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 19

HK-1
HK-1 5-8F LC3-1 po62
4 3 sk
cs6 — + — + - + - + 1
PFKFB4 — — + + - — 4+ + X 3
LC3 16X 10* EZ
LC3-IT | g - S 14X10* =
ol

GAPDHI-———-H—-——|3.6X104 CSO.6— + — +

0
-+ -+ cs-6— + —+ — + — +
PFKFB4 — — + + — — 4+ + PppKFB4— — + + — — + +
B HK-1 5-8F
EGFP  mCherry  hoechst Merge EGFP  mCherry  hoechst Merge
H A banid
CS-6 CS-6
PFKFB4 PFKFB4
PFKFB4+CS-6 4 PFKFB4+CS-6
20 pm
C L Boji -
HK-1 B2CS-63nmol-L! 5.8F =CS-67.5nmol L
HK-1 5-8F ) T ®Cs6ommlL! * ®CS6150nmolL!
L. [=] 1 [=] ] -
POSK3P[ o e e e [ e - -0 10° o M CS&MHOILW s 000t
& : #
GSK-35 M - - | - . e | 460 10° 7 1.6 %3] 4 .
p-mTOR | W ws o || e s o e [289X10° #### Ej 0 P
mTORI —_— e — —” —_— — — —|2'89><105jﬁ : E()j
GAPDH| we ame e || e s s s |3.60 10¢ 4 0 Sl

SR 3 9 p-GSK-3p/GSK-3B p-mTOR/mTOR

» 7661 »

27 HWE 75 150300 p-GSK-3p/GSK-3p  p-mTOR/mTOR
D CS-6/(nmol-L") CS-6/(nmol-L™")
p-GSK-3p/GSK-3p  p-mTOR/mTOR p-GSK-3B/GSK-33  p-mTOR/mTOR
cs-6 — + — + -+ + T 2.0
PFKFB4 — — 4+ + - - + + o i
p—GSK—3[3| — —— — l | — . — - 00X 10 5 10 ﬁ 15
GSK-3p[ w s s e | [ [—— .|460><104 £ 1.0
oo
PTOR| o o e o | [ o e o [289X10° =05 =05
mTORr———-]|-———|2,89X1(Pw HHO
GAPDHI--—-.H—---llé()XW cs6— + — + — 4+ — + cs6 —+—+ —+ — +
PFKFB4 — — + + — — + + PFKFB4 — — + + — — + +
HK-1 5-8F
HK-1 5-8F
A-#:Y% PFKFB4 J5 SR 4HH th LC3 A1 p62 | MIEIE: B-551Y PFKFB4 J5 SR 400 W AL (X1 000); C-CS-6 4k FH 5 £ 0 i
ZHfH GSK-3B/mTOR 15 5B M AH G B AR IE ;. D-# 4 PFKFB4 J5 & W40 8 GSK-3B/mTOR {5 5@ A G B 3Rk X R L.
#P<0.05 #P<<0.01 *#P<<0.001; HfALLE: "P<0.05 "P<0.01.

A-expression of LC3 and p62 proteins in nasopharyngeal carcinoma cells after transfection with PFKFB4; B-changes in autophagy flow of nasopharyngeal
carcinoma cells after transfection with PFKFB4 (x 1 000); C-expressions of GSK-3f/mTOR signaling pathway related proteins in nasopharyngeal

carcinoma cells treated with CS-6; D-expressions of GSK-3p/mTOR signaling pathway related proteins in nasopharyngeal carcinoma cells after
transfection with PFKFB4; *P < 0.05 ##P<0.01

#P < 0.001 vs control group; “P < 0.05 **P<0.01 vs inter group.
o

7 CS-6 i#i PFKFB4 'S/ GSK-3p/mTOR {5 S @ RIFSERMEMPENE (X+s,n=23)
Fig.7 (CS-6 induces autophagy in nasopharyngeal carcinoma cells through PFKFB4-mediated GSK-3/mTOR signaling
pathway (Xt s,n=23)
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Fig. 8 CS-6 inhibits tumor growth in tumor bearing mice and activates autophagy pathway in vivo (X £ s, n =06)
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