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[ Abstract | Objective To preliminarily investigate the anti-tumor effects of phytosphingosine ( PHS)

and the involvement of inducing apoptosis of leukemia cells. Methods Cellular model of leukemia was

[E&mA ] KEHARB RS HFRFIETUH (82200242) ; R T H R FL 2 5 4 i b3 H ( CSTB2022NSCQ-MSX1060, CSTB2023NSCQ-
MSX0262) 5 Hi 4t I e 15 AF [ 10 & 11005 5 (2022YQB062)
* o [AlSEDTERE
[{EE1EE] 9K 1%, E-mail; zhangxxi@ sina. com
B B, E-mail: 1497058875@ qq. com

2097-0927/ Copyright © 2024, [l %P2 (55 = FEREE) o XA TFHOARIC & 24% CC BY ¥ ,jIJmu(https://creativecommons.orq/l icenses/bv/4.0/)



360

Bl 25 % R R 2241, 2024, 46 (4)

http : //aammt. tmmu. edu. cn

established in leukemia cell lines K562 and SUP-B15. CCK-8 assay and EdU assay were used to measure the
viability and DNA synthesis of K562 and SUP-B15 cells.
expressed genes (DEGs) after PHS treatment. Gene Ontology ( GO) enrichment and Kyoto Encyclopedia of

RNA-seq was carried out to verify the differentially

Genes and Genomes ( KEGG) enrichment analyses were applied to analyze the involved functions and
signaling pathways. Comparative Toxicogenomics Database ( CTD ) and Discovery Studio software were
employed to predict the underlying targets of PHS and molecular docking. Cell apoptosis was detected by flow
cytometry, mitochondrial membrane potential was evaluated by JC-1 probe, and protein expression of key
molecules was validated by Western blotting. Results PHS inhibited the proliferation of K562 and SUP-B15
cells in a time- and dose-dependent manner. The half-maximal inhibitory concentration (1Cs,) of K562 cells
was 17.67 and 12. 52 pmol/L for 24 and 48 h, respectively, and the 1Cs, value of SUP-B15 cells was 17. 58
and 14. 86 pmol/L for 24 and 48 h, respectively. PHS treatment at a dose of 20 wmol/L for 48 h resulted in
GO enrichment analysis of the K562 cells showed that PHS might be

involved in positive regulation of apoptotic process, plasma membrane and its integral components, and protein

significant inhibition of DNA synthesis.
kinase binding and activity. Reverse predictive analysis showed that BCL-2 protein was the most likely target
of PHS. PHS significantly increased the apoptotic rate of leukemia cells (P<0.05) in a dose-dependent
manner, reduced the mitochondrial membrane potential, and down-regulated BCL-2 level ( P<0.05) and
up-regulated the levels of Cleaved caspase-3 and Cleaved caspase-9 ( P<0.05). Conclusion PHS may
inhibit the proliferation of leukemia cells by inducing mitochondria-dependent apoptosis, possibly through
PHS and BCL-2 interaction.

[ Key words |

phytosphingosine ; leukemia; apoptosis;

RNA-seq

Supported by the National Natural Science Foundation for Young Scholars of China (82200242 ),

the General Program of Natural Science Foundation of

Chongqing ( CSTB2022NSCQ-MSX1060, CSTB2023NSCQ-MSX0262) , and the Project of Young Doctor Cultivation Plan of Xinqiao Hospital (2022YQB062).

YANG Guancui and LIU Jinyi contributed equally to the article. Corresponding author; ZHANG Xi,

1497058875@ qq. com

T L 2 — ol L 3 1~ &40 L 4 1 0 e
For A RE i Sy 3 AR 1Y 32 I AR 58 ﬁﬂ“l]iﬁﬁ“ E
BAYT T-Be F 24507 38 T 40 M B Al B8 ) 3G
JT AMMIATT A L R ) TR e R R 1 L R
BRAFAE— € B SR BRAE , SRS B4R R, I 7 o
2,2 4 S TERAL N 20% ~40% 50 B L, BUR
$ F1 I BT B0 7 B S B AR EE R 25, R B
FHIBIT R, 2038 HAR 7 ROR 2 2 i iR 15 A D 1) 5C
B R) R

B A A A ) B 1 i 2 B A, B i 8 I M
( ceramide, Cer) . 4 24 Ji ( sphingosine , Sph ) F1 4 & i%-
1-B % ( sphingosine-1-phosphate, SIP) 2578 | #41& 1
HAEY & — R EEE T, 2 5 2R AT R,
@%Qlﬂﬂ@iﬁﬁ 20 B JE IR S A T B AN AN i A

O BERRE S R A R R R SR AR S . e,

Cer ﬁ%jﬂm—ﬁ‘“ I e AUt P B, R A T A
o8 S 1 5 R 1 T el N = 1 E 2 A
SIP {55114 2% ] DU 2 5 S50 98 240 J 15 3 ot 7 A 1O
i3 i 983 %% B W 9 %Y 28 B ( phytosphingosine,,

E-mail; zhangxxi @ sina. com; WEI Jin, E-mail;

PHS) J2 85 g S 90 0 1 — Fl, 25 5508 0 R ok 0 o
UTHIWESER N, PHS i m] LA i S MR s 25 S5 Jifr 83 )
PRSI RTT, 56T PHS XL R G o H
R ANTEAE o ASSEHRE RS AN R e B PHS X 9 i 4 i
SN B LR EA T RS, Dk — 2 R PHS 1
VEFIPLEE B A A il AR 7 A R (A

1 #B5HE

RS E e
JiG 4R 135 (FBS) 1 H & [ Gibeo 23 W] (IMDM Zffi ]
HF A B LA BT 24 W) L E AR (DMSO) 1 5
2% [F Sigma A 7] ; PHS i { 3¢ & MCE 4 7] ; CCK-8 1
B H A G4/ 7] ; RNAiso Plus 4 [ H A< TaKaRa 2\ 5] ;
20 M T 3 ARG I 3 57) & ( Annexin V-APC, Taad ) Iy
E%‘%. E BD /A H], BeyoClick™ EAU-594 £ fifd 34 5 4% 1]
A G ZORL AL L v A R 5 (JC-1) (RIPA 244
mﬁélﬁﬁﬁlﬁﬂ TR BCA B e I 1R &
QuickBlock™ Western — $T # B ¥ . Qu1ckBlockTM
Western —H1 # B . QuickBlock™ Western & [4] ¥ 1

1.1



http : //aammt. tmmu. edu. cn

Bl 25 % R R 2241, 2024,46(4) 361

Wy B E S = RAEARA PR 7] Tom xR £h 22
MR (PBS) I A v E AL s R AR TR A
PageRuler 44 [ Marker I H 3% [E Thermo Fisher /%
H] ; B-actin ,BCL-2 Cleaved caspase-3,Cleaved caspase-9
PR B AR AL B L E T S — Pt 3 3 CST
3w ECL &R & A 2 B Millipore 22w, 23]
REBFR U H 22 [ Thermo Fisher 23 W] ; 3] #2085 |
T B 0 A 1 F A OLYMPUS /3 7l i 2 2
M4 B 35 B Beckman Coulter 2 ] 3 B3 3k /% . Chemi
Doc XRS+Imager 15 2 U A6 2% KOG AR R4 H 56
Bio-Rad A #],
1.2 PHS # e

10 mg PHS ¥y KM% T 1. 57 mL DMSO A #HLIE 7
e, BEH SR EE R 20 pmol/L (9 BE, 352 10 pl )
#,-80 TR
1.3 mlaifiiom

N2 P8 220 200 B 11 s 200 P Ak K562 J2 Ntk
VK B 44 i 1 I 40 i A% SUP-B1S 150 [ 3% 5] ATCC
W], K562,SUP-BIS 4 ik Fl & 10% FBS ) IMDM
BEFRBEAT B 3%, 18 37 °C 5% CO, 40 Jif s 37 4 v s
FRAHAL, O ECA: KA M ] T 5 8 . JR 8RSk g A hy
XFAE 41 (0 pmol/L PHS) FiI PHS 4k B4 (5. 10,
20 pmol/L) .
1.4 wmfe & /¥

AL 1x10% A/ FLEEFD T 96 FLAR, A [A]
£ A9 PHS(5.10,20,30 .40 wmol/L) 43 5|/EH] 24 48 h,
R E 3 NEAL, BFLIMA CCK-8 7] 10 pL,37 C
ARZEREFE 2 b, FHEEFR AR 450 nm Kb 1% % B (E
[D(450) |, -4 UL A A6 22

YA = [ S5gndH D(450) —=5 4 D(450) ]/
[ X HRZH D(450) -2 20 D(450) ]x100%
1.5 mfs &R

AL 1x10° A/ FLEEFD T 6 FLA, A 20 pmol/LL
) PHS fEF] 48 h 5, 818 BB T (40x) M40 TE
NG Y (A E SR s
1.6 EdU #&mn

AL 1x10° A~/ FLIEFP T 6 FLAL, A 20 pumol/LL
i) PHS YEH 48 h J5, N A EdU TAERIE 2 h, kG
FH 4% 22 5 W ] A0 15 min, PBS ZZ i vk 3 WK J5
INAGEBERREE 15 min, BiJ5IA EAU J2 075G
F 30 min, PBS & mik B 3 K J5, il A Hoechst
33342 Jefn, 30 min, 50 WAEE T LGS, BEPLIER 3 4>
PREFARR, THE B PR R
1.7 #F a0 5By

AIAELA 1x10° A/ FL3EFRN K562 4 e T 60 mm L,

A 20 wmol/L PHS /EJ] 48 h J5 Ut A 4uM , dy b 5t 1
B LN W) HEA T S 2 43 A, R limma 43647
A2 O BN 1Y 22 5 LA, R DESeq 471
AHEY)FEE N2 L, 53 B3k 1S PHS /EH] K562
RS ) 25 S R IRBE R I B 2 e o AL O 3 s 7
H:llog, FCI=1 H P<0.05, i b5 2 i 22 Ak
{#i F§ DAVID Bioinformatics Resources ( https://david.
nciferf. gov/) #47 GO HIfE w £ KEGG {5 53l #% &
A, B 4 {5 F 4 (http://www. bioinformatics.
com. en/ ) HAT AT AL 53T o
1.8 R fmhe A 2 it 8 =

AIMILL 1x10° A/ FLERRT 6 FLAR A IR
7 PHS(5.,10,20 pmol/L) VYEFA] 48 h J&, 41 i, PBS
VE 2 YK, A Annexin V-APC J% 7aad 4epl4% 5 pL, =i
WEGIFE R 30 min Ji I 240 A SR I 28 L R T K
1.9 CTD 4 B Ry & ¥e.

F ) CTD % #% & ( https://ctdbase. org/) , £
“ Keyword Search 7 H % # “ Chemical 7, % A
“Phytosphingosine” , ¥£ “ Gene” 16 Il /1 75 12 H 7] g 5 H:
HAERYHT 10 (758 51, -8 ] Cytoscape B F 47 AT AR
a3t o
1.10 AR T AR o G ie

iz Jf] Discovery Studio 34 #4752 ] $48,  A
PHS f945#4 , )8 H Ligand Profiler Ji A , 15 B 24U ; input
ligand — I i% ££ 5 A W) /N 43 T, Input Pharma DB
Pharmacophere — I &4 “all” , 85 “ 18177, X0 ik
2GR A% FitValue 770 s BIMRHER , 4T 0805 ,
1R
L1155

M PDB ( Protein Data Bank ) ¥ %fj ( https ://www.
resh. org/) | 45 ] BCL-2 A9 i & 45 #4 ( PDB 1ID;
600K) , #F—#1z i Discovery Studio 24 %18 > T
HEATORAL I K MR IR L SR, e SO PR N
BCL-2 25 1 & A BC AR BT 76 (A0 &, 57 T 32 AR 1 43
TR B, XS4 PHS #E17 AL 3™ A4 3D 14
%, FZAC G W 5 83 0 1) o1 WA R T 0 42
112 2R AR A Al i

AALL 1x10° A4~/ FLEERHT 6 FLAR, LA 20 pwmol/L
(%) PHS AEJT] 48 h J5,37 CHEFRAAMEE 20 min, ALK
AR, PBS Z2 R e 2 K, JC-1 3857 37 C TS
20 min, WCAEGHM, FH JC-1 G A28 PR v B S T8
1E B OG R T LS, BEALZE IR 3 LB R, W4
LML L A AZ A IF L
1.13 &G I Z Western blot #&|

A LA 1x10° A/ FLAEFD T 6 FLAR, I A TR 3



362 Bl 25 % R R 2241, 2024, 46 (4)

http : //aammt. tmmu. edu. cn

) PHS(5.10.20 pwmol/L) YEF] 48 h J5 , s A 4t il , Jin
N RSHI RIPA L 28 F RE 57 K 1 220 30 min,
12 000 r/min 4 °C &.0> 10 min, {§if] BCA FHEHE =R
TR A 2 W O B AGE A9 5% loading
buffer,100 °C 78 ¥4 J5 - 20 C {%: 1£. HBc #l 10% SDS
PAGE G LTk, B I 28 PVDF I L bRk 5 A ok
[ 15 min, 4 C i3 %M F BCL-2 (1:1 000) . Cleaved
caspase-3 (1:1 000) . Cleaved caspase-9 (1:1 000),
B-actin (1:3 000) HLIAMEH NS, I1XTBST PE¥K 3 1K,
FEK 10 min, “HERIFE 2 h, IXTBST Pk 3 K, &
K10 min, FCHE W, A28 KOG I iR, i
F Tmage J PG TN 28 11 454 K E (. H A9 XY
FKrEUHMEOSAZKEMEMN ERR,
1. 14 %it o

K] GraphPad Prism 9. 0 #4475 70 M 51
Kl BdELl x+s 2R, P E] O BCR ] Student” s ¢ 46
5, Z A0 8] LBCR HI B R R 5 22004, RS 2 /D T
53K, DL P<0.05 2R A G

2 %R

2.1 PHS #p) & oo J% 20 fe 38 54

K CCK-8 Sz G PHS Xt 4 15 20 it 344 4 1)
B, g5 LM, 5% 4 (0 wmol/L PHS) A H,
PHS #4245 K562 . SUP-B15 4 a5t A€ )1 B i 2 4]
il I S ) 0 A AR o 2F— 20 % 245 40 2 A5
il & (half-maximal inhibitory concentration , IC ) #47
A, K562 4 s PHS 1Cy, 24 17. 67 pumol/L(24 h)
F112.52 wmol/L(48 h) ,SUP-B15 4 jiti+ PHS ICy, Jy
17.58 pmol/L(24 h) il 14. 86 wmol/L(48 h) , TLI& 1A,
WAL T WSS PHS X 20 MU 25 152 0, 25 R 3R, X
PR A0 AR/ NS — RSN, R DLW S 2%, T PHS
ALFEZH (20 pumol/L) 41 U HH B AN W) A2 B2 1) 43 2452 FH.
TEASAHIN 40 i 4 40 55 ek 22 (|81 1B) o EdU G fa2h
REW],PHS 252541 (20 pmol/L) fEHE 12 35 [k KS62
SUP-B15 4Hfiti ) DNA 4 ikfig 71 (P<0.05,[& 1C. D),
B PHS 0] LA 3 0055 20 Y 15 52

K562 SUP-B15
100 -4 o 100~ ot
-= 48h -=-48h
N ‘
550 ¥ 504
© 50 \.g
2 &
= 2
Ny QE%
O 1 1 1 1 0 1 1 T
10 20 30 40 20 30 40
PHS #e 3 /( p,m()l/L) PHS e /( p,m()l/L) A
XJREZH PHS(20 wmol/L)
K562 SUP-B15
80~ 80
o
Ne)
2
s 607 . & 607
ﬁ 40— .:,ﬁ -
20 pm 20 pm o o 40
20 20 ] b
v
= 0- 0-
> 0 20 0 20
7 PHS ¢/ pumol/L) PHS #¢ &/ (umol/L)  C

20 pm 20 pm

B

A: PHS #£ /A 24 48 h J& 47%] K562 SUP-BIS #mfe 3% 74 ;B: PHS (20 wmol/L) 4 48 h j& 40 it 7 75 % 4k ; C: PHS( 20 pmol/L)
YERJE 48 h 5 EdU raM bt 94 a: P<0.05,b; P<0.01,5 0 umol/L PHS( s} M40 ) iz

1 PHS 432 B Mm4 M5 EmE AL

(1D %F W)



http : //aammt. tmmu. edu. cn

Bl 25 % R R 2241, 2024,46(4)

363

K562

X HEZH PHS(20 pmol/L)

50 pm

—_

50 pm

—

SUP-B15

X HEZ PHS(20 pwmol/L)

50 wm
—

50 pm

D

D: PHS (20 wmol/L) 4EJ8 48 h j&#p#) K562 SUP-B15 4a i, DNA A,

ZiE 1 PHS 4b3E B I %40 M /e 40 AE G TR R 2R L

2.2 PHS 4G 27 ART EHH

X} PHS(20 wmol/L) ZbFf 48 h J5 K562 4 i F1 %}
WA ZH 20 i R A5 26 S4B 7, AR R PHS 416 14 1fi s 40
M358 A o F AL . LR B 239 A2 RN, Hop 2
S BEZER 91 4>, 22 55 TR E N 148 A4~ (B 2A) o i
— a2 F R AT GO DiRE s 4 KEGG {553 ji%

HAE. GO JIREE 4R KW, PHS Al RES 5 41 fifd I
ToIE A (ZLEHET SR BT R ) A1 IR b 247 it
ZiE SRS AY OiEE (18 2B) o KEGG {5 5 i
SELREW], PHS Al GES 15 e 5 Sk PI3K-Akt, 21 i
FEFR S (E 20) .

cell migration

signal transduction

40 1 =l positive regulation of apoptotic process

[l
25| cell adhesion

301 inflammatory response

Transcriptional misregulation in cancer a

Apelin signaling pathway [ ]
Oxytocin signaling pathway

d8

Parathyroid hormone synthesis, secretion and action Pl
. Vascular smooth muscle contraction
Pl B
Focal adhesion 175

- B

plasma membrane {
integral component of plasma membrane {

201

cell surface

GO%H

extracellular exosome

—log,o(P value)

101 integral component of membrane |

Gap junction 150
Phospholipase D signaling pathway 128
[ ] ECM- receptor interaction

PI3K- Akt signaling pathway

20

JEE AR
-

s

GnRH signaling pathway
Human T- cell leukemia virus 1 infection

#H
® 20

Cellular senescence

protein kinase binding

o6 XS
01 protein kinase activity

-4 -2 0 2 4
logy(fold change)

6 calcium ion binding

actin binding

protein tyrosine kinase activity

Cell adhesion molecules

@ «
@ s«

Prostate cancer

Fc gamma R- mediated phagocytosis

00000
R

N

Inflammatory mediator regulation of TRP channels.
Regulation of actin cytoskeleton

Protein digestion and absorption

Ether lipid metabolism

A

3

WA T B

125 1.50 1.75 2.00
W T C

A:PHS 4 U £ L B &2 Koh B ;B PHS AE A JG 25+ AL H 49 GO( A4y it 42/BP m fe2h it/ CC & 5T o fe 541/ MF) ‘g % 45

R;C:PHS 4F A& £ & B 49 KEGG & 4 R

2 PHS %32 K562 ZHff1f5 RNA-seq 53 #7145 R



364 Bl 25 % R R 2241, 2024, 46 (4)

http : //aammt. tmmu. edu. cn

2.3 PHS # 5w fmamie —

LA S AL 4 5, 6 A Y R T A T A
i AN M AR A PHS AR F S A A i R T3, &%
SRR X REALAH L, PHS b 4 i 98 1 b 3 2 in
(P<0.05) , HE B s AR PE (18] 3) . W] PHS "I
T AR A A T, e DAk B 2 o
2.4 PHS & f3k¥e

h T HE— R E PHS (B 4A) i S 40 12 1) B
RigAE, i@t CTD $4f e i 1€ , % PHS #F47 5 0] %

#1, CTD %ffs 0% vk s PHS FTREAEHIRY 10 HE AL,
£ 4% BCL-2, CASP9 ., AIFM1 ., MAPK1 % (¥ 4B),
Discovery Studio Z{:i 1% PHS W] GEAF JH 1§ i, % T
BCREFT 70 I BVICHEY , B PHS Wl E/EH] T BCL-2,
CASP9 PINK1,CASP3 MAPK3 PARP1 %, H BCL-2
Vel E R E (F 1), #H—2@ 1 Discovery Studio 4K
X PHS A1 BCL-2 25 = b A7 % 82, KB PHS 0] LIAR
I 254 3] BCL-2 3% P 1 4$ (&1 4C.D) , 1i#] BCL-2
AR PHS VR FIHE A1

PHS ¥ J&/(pumol/L.)
0 5 10 20
106'01 Q2 106'01 Q2 106 e Q2 106 e Q2
105_022 356 1051016 425 105_02| 550 105_054 752
10%4 10*1 10*1 10*1
o 2| 10 10°4 10° 1 10°4
0 10%4 1074 10%4 107+
10'?04 Q3 101?04 Q3 lOI tG4 Q3 101?@4 Q3
929 338 908 480 871 4l 828 917
10° vy vy 10° ey m—rrermy 10° vy —r-rrry 10° ey ey
10° 10" 10* 10° 10* 10° 10° 10° 10" 10* 10° 10* 10° 10° 10° 10" 10% 10° 10* 10° 10° 10° 10" 10* 10° 10* 10° 10°

Annexin V-APC

PHS ¥ /( wmol/L)

0 5 10 20
106 el Q2 106 kL Q2 ]06 e Q2 IOb el Q2
105?111 ’ ‘ 394 1051122 745 105_135 828 105113| 11
:;j 104 10*4 10* 4 10* 4
T =
= 2| 10 10°4 10° 4 10°
- 10?4 1074 1074 ; 1074
10".04 a3 10'3@4 a3 10 £ a3 10' Y a3
10“ 912 372 100 845 679 100 827 764 10() 792 835
10° 10' 10* 10° 10* 10° 10° 10° 10' 10* 10° 10* 10° 10° 10° 10" 10* 10° 10* 10° 10° 10° 10" 10* 10° 10* 10° 10°
Annexin V-APC A
K562 SUP-B15
207 20 b
b b
< 157 < 159 2
SRR ; ]
= 10 a g 10
=2 =
SF\ 5— % 5_
0- 0-

0 5 10 20
PHS ¥ F£/(umol/L)

A. PHS 48 & # % K562 SUP-BIS % 8 3 B. PHS 4k A & K562 . SUP-B1S 21 jit, 78 = % 44

0 wmol/L PHS( &} B 41 ) tbix

0 5 10 20
PHS #¢J#/( pumol/L) B

a: P<0.05,b: P<0.01,%5

3 PHS #3E A MmAaEHARBTHEN



http : //aammt. tmmu. edu. cn

Bl 25 % R R 2241, 2024,46(4) 365

OH N,
BCL-2  CASP9
MAPK14 g—
cyes PINK1
SRS PARP1
CASP3  AIFM1
B

A:PHS #4135 # X, ; B PHS # £ 4 A 32,5 ;C. BCL-2 #9 &4k 24 ,PDB ID; 600K( £) % PHS 5 BCL-2 ¢948 540 () ;

D:PHS 5 BCL-2 9 842 ( £) A5 A4E( &) MEER

E 4 PHS REZBESFEEST

#x1 ETHYAEER PHS KK

Pharma-%ij 5 VE L RE 2SR Uniprot-i 5 LY SRS HWRDEA
2ovv 0.951953 BCL-2 P10415 other other
1y2g 0.901191 CASP9 P55211 Enzymes Hydrolases
3hrb 0. 872873 PINK1 Q9BXM7 Protein kinases Serine/ threonine-protein kinase
2g27 0. 872611 CASP3 P42574 Enzymes Hydrolases
2ybt 0. 820775 MAPK3 Q16644 Enzymes Transferases
3592 0. 8165 PARP1 P09874 Enzymes Transferases

2.5 PHS ¥ G e 20 i 2% A AR B 4 M AR R 3 2

ATARE GRG0

2 3E At JC-1 G (045 I SORL AR I i 32 722 A 1
Blo 4RI, PHS 425)5 JC-1 SR/ R G HE
Thims , LR R AL BT B (B SA) o Western blot
SRR W], PHS AR S, BCL-2 ik B 2 Tl (P<
0.05) ,Cleaved caspase-3 fl Cleaved caspase-9 ik i
# LR (P<0.05,E 5B~G) . KW PHS 7] LLifs FLkL
AL L 57 B AR, 1R BCL-2 &35, Tl I Cleaved
caspase-3 fll Cleaved caspase-9 ik i,

3 e
F ML 2 7™ R S 3 N S A i i B 1) B K g, L
HRET R JRITMERE R B . H AT i 40 8

AR 1 s A A A IR 7 ikt T R s i
TR A L R A A AR A B OR BB, AR

MG & & FEA B B AYIPUE SR &R
DA K VA TT R B 2856 TE 1 2 A R R 28 B
T BT R IR PHS R 2 R i —
i, LATEROTFSE 0], PHS 1] AR i k2 ek
B2 LR AR B A6 ™) 1R 1l T 2 e A I 7%
FYIHURE R R I G e > Ak,
5T % B, PHS 738 3 52 1 B vt 5 A 47t b 83 75
P (BRSSP IR R B . H T G
F PHS X IfiL i 22 6 g 1 TS i i 438 . Ao 8
FEARTT PHS 76 [ U595 20 H e Ra 46 T, 640245
FE HA AR FAHLA o

ABFGE S B, PHS 0T L 830 56 1 10095 40 ffg 14
g, HLS B I e . HE— 25 %) PHS AbFRS
K562 #iifitl GO MRt 445 K4 W, PHS WS 541l
T IE AR, WA AR S S, PHS fEB A S
F LG 40 MR T, ELS B RO . PR, 0 PHS



366

Bl 25 % R R 2241, 2024, 46 (4)

http : //aammt. tmmu. edu. cn

K562

SUP-B15

[T BE

[HE X I PHS (20 pumol/L)

LR

RaW

50 wm 50 pm 50 pm

FIEE

5() m

—_

K562
PHS ¥ /( wmol/L )

0 5 10 20
-
Cleaved caspase-3(19x10°)— “
(17x10°)— ‘ ‘

BCL-2(26x10°)—

Cleaved caspase-3(19x10°)—

Cleaved caspase—9gzx} 0:§*>
IIXIU”

BHPEXT FH X I8 PHS(20 pumol/L)

50 pm 50 wm

50 wm

50 pm

SUP-B15
PHS ¥ F/( wmol/L)
0 5 10 20

BCL-2(26x10%)— “ -
4N wE 9

-

- < -

(17x10°)—

—>

-

0

Bractin(45x10")— [ Sm—"———] Bractin(45610°) [ —— -] B
K562 K562 SUP-B15 SUP-BI15 SUP-B15
1 1.5- 1.5 i 1.2+ 1.5-
] ‘T‘E[EH 1.0 i ]
1.0- 210 = 08 1.0
= 0.6

n
1

45 0.4-
S 0.2

=)

m 0-

Cleaved cas
BV ES
=}

BCL-2 & I HHXS
(=)

04

(=)
I

0 5 10 20
PHS ¥/ (pmol/L) C

0 5
PHS ¥ J&/(pmol/L.) D

10 20 0 5
PHS #J%/(umol/L)  E

A PHS(20 pmol/L) 4 A 48 h j& K562, SUP-B15 4m fith 2%, 45 4K JiE & 45 [ 4K

Cleaved caspase-9
EAEL PRSI

=)

n

0
10 20 0 5 10 20
PHS % /(umol/L)  F PHS #¢%/(umol/L) G

FE P 2 B i KRR BE W 4 K 89 CCCP

10 20 0 5

(carbonyl cyanide 3-chlorophenylhydrazone, 10 pwmol/L) ;B. PHS 4 | K562 SUP-B15 #a it )& A 48 % & & %A ;C: K562
f2 BCL-2 & & ¥ 2 & 547 ;D: K562 2m fi Cleaved caspase-3 & & ¥ & & 45 47; E:SUP-B15 8¢ BCL-2 & & ¥ & & £ #7; F . SUP-
B15 Zmjt Cleaved caspase-3 & & ¥ & & 5 #7 ; G:SUP-B15 4a il Cleaved caspase-9 & & ¥ £ ¥ 5 #7;a: P<0.05,5 0 umol/L PHS

(3mEa) ik

5 PHS 4328 Mm AR &R ERR AN ELRBATHEXERRENEN

] FE 3 1 75 3 0 M A A o AR M . 2R
TR R AR Pl B T, O 1 485 B B N 3R
BEAARAS , T 2 25 R 4 08 200 7= 2B 1 3 A At
T2 AT R A R AR AR LR R R 1 L P )
BARLARIET 2R 4t . S ik— 0 54k PHS i T 20
PR TR L], AW ST T CTD Kbl 4 X 2558 A1
BRI PIF T 5% PHS HEAT S 10 $HE , R4 FitValue Y
I3 X R AT w0 A TR AR A R AT R,

BCL-2 By 4T 73 fc /&1, 455 CTD B4 e 1) 45 21, 48R
BCL-2 Y2l PHS 1 48 & i w] Bk e i[RI BT, %o
PHS 5 BCL-2 i#f4743F X%, &3 PHS 5 BCL-2 Z[H]
FETESE Y A I AR FAE . Xt it — 2Bk 1
] P Y 45 S, B BCL-2 A fig & PHS (%) 95 76 48 A5,
BCL-2 JEZRRL AR M U8 T ik A2 1 SR 7, 78
Ui A, B T AT 1 BCL-2 3 Mz 2 (2 TR
I Bax G800, E— S 8RB R LA, (APm) T



http : //aammt. tmmu. edu. cn

Bl 25 % R R 2241, 2024,46(4) 367

Wi, Ao A4S 52 300 25 1 398 A, DA T B A 0 o PR, T
caspase-9 , #f— BTG RN caspase-3, J3 3)) caspase 2%
WS, e PEANMIA T A o X b A e f37
HEATHREIN , e BE PHS AR , St 1A 8 Ao i 25 A1
Western blot %% 53205, PHS /E 5 BCL-2 3£3iA T,
TUFHE H Cleaved caspase-9 fil Cleaved caspase-3 ik
. 2 b ARBESE SR R W] PHS A] E G i #E (0]
BCL-2 H5 1, J5-3 1 M09 40 0 i A= SR AR A4 i 174) 240 i
AT, e R PHS Al @ e 4+ 454 T BCL-
2 1) BH3 3& P 1148, Mk BCL-2 {544, JF- S BOHL i,
HETTAH] BCL/Bax — SAKAYIE AL , 7 B8 4 il 4 2E
RIS REN 3 SR i s o AT | 4 O & BT
SR A DN Py 54k PHS WETERAE LI i A& B, PHS /]
RESZM Ca® WML &0 WM Ca™ B TR M,
237 | 7B PN T A 18 87 T8 S I, 7 T8 IS g ok JEE 2 f A 24 i
WIS, (R 1= 7 X% W] PHS
A REIE T YT g 4% 5 | R 4 i A e T, (R L LA
PURI T2 — 2P 30k, BRI =Z 41, GO Difig & & 404
S5 NoR, PHS LRS00 BT BT & 41 53 AR
T WA AR A S —HR, 2 5
WA T2 RSP s ™ 3 S
PR PR, AT AT SRR R . A ST
W, B N5 28 S H DG o i 2 R 5 i s B R A
U PHS 15N SRR M B B — VT 19 1075 40
LG B2 BUE AN O . X RAE—E R EARR
PHS {82725 W] RELE 11 10905 40 i AR 3 f i 4 T 22
YER] . KEGG {5538 i & 4L 45 R 35 W], PHS B ] fiE S
SN A5 T, AN e Ak DNA 852 A4 i
T J5 45 = KRR FRRE . TR, PHS X 9 1055 4
HEL i) e A T S AL (B A 2 — 2R TE .

25 AR A5 e B PHS BT LA I 44
RARRRMAIEAR T T, e 28 25T 10 4 f 3
SRR . PHS w] LIRSy —Ffogh B B470 1 I 259
B AL e AT IRARR
EEREER BER XSS H5ARIRN LT £t
SR PR R B K AT SRR A R G IR ARE R ABG
P PR NS 5 ARG SR B B W K Sy
BT SESREERGE T EARUE  E o AR RGBS 5 R R
AL SCEE B B L TR IR DA DE A BT S AR
R H A LR I 58 R R S B g

SE k-

[1] WHITELEY A E, PRICE T T, CANTELLI G, et al

Leukaemia: a model metastatic disease[ J|. Nat Rev Cancer,
2021, 21(7) : 461-475. DOI; 10. 1038/ s41568-021-00355-z.
[2] KAYSER S, LEVIS M J. Updates on targeted therapies for
Br J Haematol, 2022, 196
(2): 316-328. DOI. 10. 1111/bjh. 17746.
[3] WANG X Q, HUANG R H, ZHANG X H, et al. Current

acute myeloid leukaemia [ J .

status and prospects of hematopoietic stem cell transplantation
in China[ J]. Chin Med J (Engl), 2022, 135(12) . 1394-
1403. DOI; 10. 1097/CM9. 0000000000002235.

[4] HASLAUER T, GREIL R, ZABORSKY N, et al. CAR T-
cell therapy in hematological malignancies[ J]. Int J Mol Sci,
2021, 22(16) : 8996. DOI; 10.3390/ijms22168996.

[5] KANTARJIAN H, KADIA T, DINARDO C, et al. Acute
myeloid leukemia; current progress and future directions[J].
Blood Cancer J, 2021, 11(2) . 41. DOI; 10. 1038/s41408-
021-00425-3.

[6] PAUTAS C, MERABET F, THOMAS X, et al. Randomized
study of intensified anthracycline doses for induction and
recombinant interleukin-2 for maintenance in patients with
acute myeloid leukemia age 50 to 70 years: results of the
ALFA-9801 study[ J]. J Clin Oncol, 2010, 28(5): 808-
814. DOI: 10. 1200/JCO. 2009. 23. 2652.

[7] LEWIS A C, POPE VS, TEA M N, et al. Ceramide-induced
integrated stress response overcomes Bel-2 inhibitor resistance
in acute myeloid leukemia [ J]. Blood, 2022, 139 (26):
3737-3751. DOI; 10. 1182/blood. 2021013277.

[8] LEWIS A C, WALLINGTON-BEDDOE C T, POWELL J A,
et al. Targeting sphingolipid metabolism as an approach for
combination therapies in haematological malignancies [ J ].
Cell Death Discov, 2018, 4. 72. DOI. 10. 1038/s41420-
018-0075-0.

[9] PATWARDHAN G A, BEVERLY L J, SISKIND L J.
Sphingolipids and mitochondrial apoptosis [ J ]. J Bioenerg
Biomembr, 2016, 48 (2). 153 - 168. DOI. 10. 1007/
$10863-015-9602-3.

[10] HANNUN Y A, OBEID L M. Sphingolipids and their

metabolism in physiology and disease[ J]. Nat Rev Mol Cell
Biol, 2018, 19(3): 175-191. DOI. 10. 1038/nrm. 2017. 107.

[11] VOELKEL-JOHNSON C. Sphingolipids in embryonic
development, cell cycle regulation, and stemness—
Implications for polyploidy in tumors [ J]. Semin Cancer
Biol, 2022, 81. 206-219. DOI. 10. 1016/j. semcancer.
2020. 12. 027.

[12] GHANDOUR B, DBAIBO G, DARWICHE N. The
unfolding role of ceramide in coordinating retinoid-based
cancer therapy [ J]. Biochem J, 2021, 478 (19): 3621 -
3642. DOI. 10. 1042/BCJ20210368.



368

Bl 25 % R R 2241, 2024, 46 (4)

http : //aammt. tmmu. edu. cn

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

SATTAR R S A, SUMI M P, NIMISHA, et al. S1P
signaling, its interactions and cross-talks with other partners
and therapeutic importance in colorectal cancer [ J]. Cell
Signal, 2021, 86: 110080. DOI. 10. 1016/]. cellsig. 2021.
110080.

KIM B H, LEE J] M, JUNG Y G, et al. Phytosphingosine
derivatives ameliorate skin inflammation by inhibiting NF-kB
and JAK/STAT signaling in keratinocytes and mice[ J]. J
Invest Dermatol, 2014, 134 (4):. 1023-1032. DOI. 10.
1038/jid. 2013. 453.

LIJJ, WEN J Y, SUN C X, et al. Phytosphingosine-
induced cell apoptosis via a mitochondrially mediated
pathway [ J]. Toxicology, 2022, 482. 153370. DOI; 10.
1016/]j. tox. 2022. 153370.

SUN C X, CHANG X X, MACISAAC H ], e al.
Phytosphingosine inhibits cell proliferation by damaging DNA
in human cell lines[ J]. Ecotoxicol Environ Saf, 2023, 256
114840. DOI. 10. 1016/j. ecoenv. 2023. 114840.
GRATWOHL A, BALDOMERO H, ALJURF M, et al.
Hematopoietic stem cell transplantation: a global perspective
[J]. JAMA, 2010, 303 (16): 1617 -1624. DOI. 10.
1001/jama. 2010. 491.

SAAD A, DE LIMA M, ANAND S, et al. Hematopoietic
cell transplantation, version 2. 2020, NCCN clinical practice
guidelines in oncology [ J]. J Natl Compr Cancer Netw,
2020, 18(5): 599-634. DOI.10. 6004/jncen. 2020. 0021.
XULP, LUPH, WUD P, et al. Hematopoietic stem cell
transplantation activity in China 2019: a report from the
Chinese Blood and Marrow Transplantation Registry Group
[J]. Bone Marrow Transplant, 2021, 56 (12). 2940 -
2947. DOI: 10. 1038/s41409-021-01431-6.

ZHANG X H, CHEN J, HAN M Z, et al. The consensus
from the Chinese Society of Hematology on indications,
conditioning regimens and donor selection for allogeneic
hematopoietic stem cell transplantation; 2021 update[ J]. J
Hematol Oncol, 2021, 14 (1). 145. DOI. 10. 1186/
s13045-021-01159-2.

LV M, HUANG X J. Allogeneic hematopoietic stem cell

transplantation in China; where we are and where to go[ J].

[22]

(23]

(24]

(25]

[26]

[27]

(28]

(29]

[30]

J Hematol Oncol, 2012, 5(1): 1-8. DOI. 10. 1186/1756-
8722-5-10.
BHATIA R, HOLTZ M, NIU N, et al.

malignant hematopoietic progenitors in chronic myelogenous

Persistence of

leukemia patients in complete cytogenetic remission following
imatinib mesylate treatment[ J]. Blood, 2003, 101 (12):
4701-4707. DOI. 10. 1182/blood-2002-09-2780.

HONG T, WANG R, YANG G C, et al. Human umbilical
cord mesenchymal stem cells ameliorate acute graft-versus-
host disease by elevating phytosphingosine [ J ].
Hematol, 2023, 122. 19-29. DOI. 10. 1016/j. exphem.
2023. 03. 002.

CARNEIRO B A, EL-DEIRY W S. Targeting apoptosis in
cancer therapy [ J]. Nat Rev Clin Oncol, 2020, 17(7):
395-417. DOI: 10. 1038/s41571-020-0341-y.

KALONI D, DIEPSTRATEN S T, STRASSER A, et al.

Exp

BCL-2 protein family: attractive targets for cancer therapy
[J]. Apoptosis, 2023, 28(1/2): 20-38. DOI; 10. 1007/
$10495-022-01780-7.
MONTERO J, LETAI A. Why do BCL-2 inhibitors work and
where should we use them in the clinic? [J]. Cell Death
Differ, 2018, 25(1): 56—64. DOI. 10. 1038/cdd. 2017.
183.
TUMMERS B, GREEN D R. The evolution of regulated cell
death pathways in animals and their evasion by pathogens
[J]. Physiol Rev, 2022, 102(1). 411-454. DOI. 10.
1152/ physrev. 00002. 2021.
OGRETMEN B. Sphingolipid metabolism in
signalling and therapy[ J]. Nat Rev Cancer, 2018, 18(1):
33-50. DOI. 10. 1038/nrc. 2017. 96.
LINGWOOD D, SIMONS K. Lipid rafts as a membrane-
organizing principle[ J]. Science, 2010, 327(5961) : 46—
50. DOI: 10. 1126/science. 1174621.
HANAHAN D. Hallmarks of cancer: new dimensions [ J].
Cancer discov, 2022, 12(1). 31-46. DOI. 10. 1158/
2159-8290. Cd-21-1059.

(Wr#5:2023-10-06; &8 : 2023-12-22)

(¥ E9t)

cancer





