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Effects of Cholesterol on the Proliferation and Imatinib Sensitivity of Chronic
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ABSTRACT Objective: To investigate the effects of cholesterol on the proliferation and Imatinib (IM) sensitivity of K562 and
K562G cells. Methods: The expression of cholesterol metabolism-related enzymes in K562 and K562G cells were detected by gRT-PCR.
K562 and K562G cells were treated with different drug combinations, and the cell proliferation was detected by CCK-8 method. Results:
The expression of cholesterol synthesis-related enzymes (human squalene monooxygenase SQLE, cytochrome P450 family 51 subfamily
Al CYPS51AL, sterol C5 desaturase SC5D) in K562G cells were significantly decreased, while the expression of low-density lipoprotein
receptor LDLR, sterol acyltransferase SOAT1, ATP binding box transporter A1 ABCA1 were significantly increased. The proliferation
rates of K562 cells treated with 0.5 pg/mL and 0.75 pwg/mL cholesterol were increased respectively by (9.51+ 2.84) % and (19.88+ 3.00) %
compared with the control group. The inhibition rate of K562G cells was lowered by using Atorvastatin (20 uM), GW3965 (20 uM) and
MBCD (10 mM), respectively (50.73+ 2.34) %, (49.42+ 1.13) % and (76.54% 1.48) %. The two concentrations of cholesterol reduced
the inhibition rate of K562 cells treated with IM before by 51.59 % and 53.80 %, respectively. The combination of MBCD and IM re-
duced the survival rate of K562 and K526G cells to 6.89 % and 23.34 %, respectively. Conclusion: The cholesterol metabolism of K562G
cells is increased compared with that of K562 cells. Increasing cholesterol can promote the proliferation of K562 cells and reduce their
sensitivity to IM. MBCD may increase the sensitivity of K562 and K562G cells to IM by lowering cholesterol.
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1.1 #Ft

N K562 g 2 [l ATCC; A K562G 45 [ K 1m A
IM B5 =91 IM # K562 4il i ; RPMI 1640 iRk [z PS (5 %
# - #5852 A 32 [F Hyclone /A 7] ; R4 M4 [ 11 ExCell
Bio 2 il ; Imatinib 1§ T % |- Novartis /A &) ; A% T 7K JH [
(Cholesterol-Water Soluble) (C4951), Atorvastatin (PZ0001),
GW3965 (G6295),MBCD (M7439) ¥l F 35 [ Sigma /3 7 ;
CCK-8 4 I35 £ iaGR e B/ H AZR{ "/ 7] ; Annexin V, PI 2
ML T-H0 A [ 25 F BD 4\ #] ; TRIZOL (10296028)1 [ 25 [F
Invitrogen 7\ ) ; Transcriptor cDNA Synthesize Kit 5 FastStart
Essential DNA Green Master I H Fij + Roche /A 7] . Real-time
PCR ) F %L Roche /2],

12 Ak

1.2.1 ApakEss  FoHlS 10 %lid- Mg (FBS)+RPMI K7 4
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R R IR . TR WA T LA MRS A K
JE @R B
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5SS EEAE I 7 D /s W = e [ O/ W O D B
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1.2.3 qRT-PCR #U4HAEAE E Bt #E X BERIRIE  TE 6 1L
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TR sAS 5] cDNA; 435I A 252 () cDNA (4 ) FTE [ At
WHAHOCEES 1) (4 WE 48 OC A HMGCR (SQLE .CYPS1AT
SC5D . JJH [ fig 1 it LDLR | JIA [5 EHE 1 ABCAL  fIH [ B 1 16
SOAT1)#(0.5 wL)LA K 2% Loading Buffer, fi| % (& qRT-PCR
B TR, 1L GAPDH g2, ST 29 Jy kit S
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1 51455
Table 1 Primer sequences
Primer
Forward Reverse
GAPDH TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTCATGAG
HMGCR CGTGGAATGGCAATTTTAGGTCC ATTTCAAGCTGACGTACCCCT
SQLE GGCATTGCCACTTTCACCTAT GGCCTGAGAGAATATCCGAGAAG
CYP51Al GAAACGCAGACAGTCTCAAGA ACGCCCATCCTTGTATGTAGC
SC5D ACCATACGTGTATCCAGCCAC GCTCAGTGTTGCACAGAAGAAA
LDLR TCTGCAACATGGCTAGAGACT TCCAAGCATTCGTTGGTCCC
SOAT1 GAAGTTGGCAGTCACTTTGATGA GAGCGCACCCACCATTATCTA
ABCA1l ACCCACCCTATGAACAACATGA GAGTCGGGTAACGGAAACAGG

1.3 SGit=abiE

SKH SPSS 22.0 A Bt A gt s, iR
Y FrifE2e(xx SD)FIR, IEEARSSE LA ¢ 1658, 24138
BB BRI R 7 22 5301 (AVOVA), T LB 8 52 3 1K, P<0.
05 FRERAGIIFE L,

2 &R

2.1 K562G 5 K562 B EfEXigE S
W FraR . 25 40 K562G H i [ B A g AR

HMGCR A % 4 FUn 4 B SQLE 21 il (3, 3% P450 51 51
WFKJ% Al (Cytochrome P450 Family 51 Subfamily A Member 1,
CYP51A1) . [E|fE C5 21 F1 i (Sterol-C5-Desatures , SC5D) J& [A]
FEIR TR, 10055 I PR SCRR SG A AT R AR A2 A
(Low Density Lipoprotein Receptor, LDLR) ., ¥ JIH & 4 4k, 0
[ [k (Cholesterol Ester, CE) ) & % it HL 4% % fif (Sterol O-acyl-
transferase, SOAT1) LA A IH[EFEAHEH ABCAL B K #2358
o THURAIM K562, DL 2SRRI IM 4 K562G JHTE
PRI ) S
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Fig.l Cholesterol metabolic pathway in K562 and K562G

Note: A. Simplified pathway of cholesterol synthesis, intake, efflux and transferring to CE. B. Gene expression of enzymes. Data are expressed as xt SD,

n=3. *P<0.05, **P<0.01, ***P<0.001. compared with the control group.
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Kigr K562 4, XJHR4Lm A SE& DMSO, AbBEZ 535l
K562 4ijig shoim A MR A & 0.5 pg/mL . 0.75 wg/mL, WEE
AN ) JIE [ e 32 S 20 B AP (R 52 . CCK-8 Al 4531
75 A HINA 0.5 wg/mL 0.75 pg/mL A5 AR [ S 40T
55 4 REOEJG P RHETH 535020 759.36 %l 831.28 %, LUt
B K562 4l il B3 % (693.46 %) 43 BN (9.51% 2.84) % F
(19.88% 3.00) %(P<0.05), 2% BHS MG 4 H [ FE X K562 41 g 5a
HAMRMEN, B S5RE2IEHEE, WWE 2 A,
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F 3 FloVE A 7 AN 18] B9 B A B 25 ) Atorvastatin
GW3965 MBCD LA RV BEAH B A FH T K562G 4, X JR 4
JAZERFA) DMSO, WLEEAN ] [ 0 [ 245 4 % KS562G 4l
FIBEFEANHIVE ] . CCK-8 R4l R 7w : 5%t LA LL , Ator-
vastatin- (20 pM) . GW3965 (20 pM) . MBCD (10 mM) #b 3
K562G 4TI HIZ 4000 (50.73+ 2.34) %, (49.42+ 1.13)

A @ 4 *%
=
23 ;
S2 —=— 0 pg/mi
] 1 -#%- 0.5 pg/ml
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0 I I I I
1 2 3 4
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%, (76.54% 1.48) %; L/ Atorvastatin, GW3965 MBCD 7£ & ik
TR B R R AR 0 Ve, AR RS 2k B 7
O . b, AH R BE Y Atorvastatin 5 GW3965 X 41l 34
FA IR FIAR AL, (BB B B (<5 wWM)AI IR AN I 4
10 mM MBCD 5 IH [ BT A A5 G 420 A AV 200 i JIR [ e el 200 i v
AR AIVE P B 13 (*P<0.05), TLIE] 2B,
2.4 NS EERE B EERER K562 fMBaXS IM HugEiiE
TN R AL EELH , A BRZH 43I A 0.5 pg/mL F1 0.75
wg/mL fH [EEE I [F] A ) K562 4 in A IM (0.6 pM)AL[R]RE
I, WSTR[ W 2540 T, IMoF 400 394 2 0% 400 1 4 o
CCK-8 &5 i : AbFFEE 3 Kink, SRR AN MI 770 R =
2.16 %, MHMA 0.5 wg/mL 5 0.75 wg/mL I [ 54 41 473 52
H 53.75 % K 55.96 Yo, BRIV Fift JIEL T F o 5 40511384 00 51.59 % K
53.80 Y ANAIAFIG R, $7m B ARk B M [ BEACPF T 2 REREAG
IM X K562 45 | & i 4 A s e 7 , Lk T 1A
FEEEAHAL, WL 3,

10
—a—  Ctrl
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Fig. 2 Effects of interfering cholesterol on proliferation of K562 and K562G
Note: A. K562 cells detected for 4 days. B. K562G cells proliferation under conditions after cultured for24h. n=3, **P<0.01, ****P<0.0001.
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K562 cells proliferation when cells were treated with IM
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e IFL [ 2 1 % A e 240 L TV B PE R 52 45 R iR« Ator-
vastatin FI GW3965 19 i S JIEL [ 15 245 1 76 5 A W)k 2 TML K5
VERIBI 400 K562 F K562G 4 H sk Lo G . 35 45 11
722 % (K 5A.B.C, K 6A.B.C), 1fii MBCD+IM 41 /K :
MBCD Al K562 & K562G 4 ffa %t IM Ay et (K 5D,
6D), 7£ MBCD 4b38 K562 41, B MBCD 5 XFIRAAH L, 4H
M TR R 2 41.93 %, B IM 4 200 i 58 G 4 4 %y 29.20
%, i MBCD Bk & IM ZH Al A: 775 = 6.89 %; £ MBCD 4b
P K562G A, A IM 4 A: fE 3R % = 46.94 %, HH
MBCD 4l AE AR % 82.47 %, THiM 2564 B, K562G 4t iy
HEAFRREIRE 23.34 %, DL E45 R 4ER MBCD Rgfg 2 K562,
K562G #iififaxt IM F U
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Fig. 4 Effects of the combination of IM and different cholesterol-lowering drugs on K562 proliferation
Note: Data are expressed as xt SD, n=3. ***P<0.001, ****P<(.0001, compared with control group.
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Fig. 5 Effects of the combination of IM and different cholesterol-lowering drugs on K562G proliferation
Note: Data are expressed as xt SD, n==3. ***P<0.001, *P<0.0001, compared with control group.
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A HE R AR IO MBCD J2— i IH [ B ) 255 79) , B RERS S5 I
(B A 5, 24 24 W 3 S R BB A% 25 R 4 i e 3% v A
[Ei1 1, SCREAS AP 20 MU RO SE B, DFFE A R R 3 Tl
Byl LA KS62G AR psE, HHAR FH ik B2 vk FEAR At
P I BV BE [ Atorvastatin(>5 uM)F GW3965(>5 uM)HJfE
g K562 Al KS62G ZAMIAYHESHE, 425 W)k <5 uM i}
RORANWIE ; AN, FEAR TR 250 e 2R 385 00 i) 5 5 F) 7K P AH
24 MBCD fg % 2 35 il KS62G A3 5, X —45 05
Genaro R. Villa &1 1] MBCD il £ 1% Ji¢ J5t 40 i SE 1~ L 451 384
AEE R —5,

WA FATT A BRI A S5 L [ P i 2 T BRI K562 Xof
IM U, 164 MBCD 45 IM XJ K562 4 &z K562G 4ifd
FEGE A W A AR R AE A, MR IM 5 Atorvastatin 5%
GW3965 XA e 5 A A0 R T DM R 1 o X B 5 R AE
] 2 14 280 2R L T T [ I 2 AR 8OR BE 1 35 . Masako
Yokool Z£ELFIFH 2 32 A3: B FMIKE (HP-B-CyD) R4k Ba/F3
BCR-ABLWT 4ii g i A4 17 %, Jf & K #% # T Ba/F3
BCR-ABLWT 4 i nude /J» B R 25 7730929, fifi F§ HP-B-CyD /4b
K562 4Rk b 7R p-Lyn B/, /R BRI & B
il 20 A 58 T RE S IR RS A . AIFERMIRR RS S
FI WA B2 A, R IR T REAS A E F WY & A IELT P i
N F2 L), W T [ B R A IR R A 45 4, DA T 548 W
JRAE F RO R 2 R 11 B S T AR T Y B AL AR,
B iR Ay F 2 (RN A PR T &2, {H Atorvastatin J¢
GW3965 HL Al Bk I [T st 45 1l 435 Jam L [ el £ oo A AT BF 5
7R A RS BRI A T A [ e , DRI G o el e 1
TR DA T 2 3400 1) 240 RO B 7 R4 J5E D o MBCD it A5 il e
X BRI G AL P T ATy 2P SR R . AN AT
FEFRWT IM A FEARIN 2K LDL ZKSF- A7 F L AT R I 40 i AR
[ B AP, ik B /R R I T B2 IM R U S R 2 —
ARSI A R RSN TR A A G, ilE— AP iE 1 S ) S
TOHe AR R E R Rt — PP . 245 Hh 2, B
JOEL [ 5t 245 e PR A i PR 22 4 e, DL Ayt 3418 e e JEL T e
2R BT RES R BINE T, 140 2 BOBE PR AR SE I B
HL B BB

25 L RTIR  IM HEHT ) KS62G 4h g5 IM UK Y K562 4
JHUAR LR T A b a5 1 AL I e B8 412 3E KS62 20 g 14
B 5 JE oA I T R 1 ) K 562G 4 i 96 i 5 344 o L (1 et i
FAAR 20 R4 IML AR s MBCD X — 432 A AP AL T e () 400 o
5 IMEREX K562G i IS FEAFTE DRI RO . A A i
FRIAYT IM it 2589 CML SR E4R 4L Tk &
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