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3-¥2H -3- BHE - iliig A SR EE 1171z PI3K/AKT (S BK=
g HL-60 £H AR B9 25 Wil e 1

B oW, EEE, BEE, ¥ B, 5 #”
ldﬂﬁﬁc%ﬂfﬁ%ﬁt&m«mﬁr Kb 410008 2. BEg R E MRS —EFLMIRE, N 5106305 3. |50 k2 B 2 e T B g b g 1 2
WHFET, i 200025

[{EZ= ] BH - BT 3- 35 -3- FI - #fififi A &G 1 (3-hydroxymethyl-3-methylglutaryl-CoA synthase 1, HMGCS1) X} 2 i 40 iy
P (acute myelocytic leukemia, AML) HL-60 2 it bk 254 U B 7R ALK . J57E - 85 3% HL-60 4L, 43 ik jgk 4 B 1 of it
1295 B A HMGCS1 1299 35 4 /8t B P % 2l Fn HMGCS1 ik b gl diifabk , 5% AR EALBEEY HL-60 ity 28 (A IREH . SR 95 9868
& PCR (real-time quantitative PCR, qPCR) #:{l] 3 4H40)ifirh HMGCSI mRNA &, FHUIF HMGCS1 i F ik A 41 bk & A ko),
i il Western blotting A& Il HMGCS1 %} @ ISWeILESE 3 340 (phosphatidylinositol 3 kinase, PI3K) / & [9if# B (protein kinase B, PKB,
MR AKT) {55 i AKT K85t AKT RiEKFER R, R CCKS 44 Ml HMGCS1 K& PI3K/AKT {55 1 i 1 il 77 LY29400
X HL-60 4 ff1 3% 7 52 mi, i Bl gPCR Fn Western blotting #% ] LY29400 %} HMGCS1 Fih /K FHI M, 4558 - SHMEXTR4a M L,
HMGCS1 1 LB M HMGCST mRNA ZRF-RBE R (P=0.000) , 52 R B K B P X BRALAH LE , HMGCST it b gl i ffa v iy
IR L AKT fy R 5K-EW R TS, i AKT B/KENEHHE E S, 528 1% R B B BRZH AR BE . HMGCS T n] R I Bl 25 25 6 4t i
I m (P=0.003, P=0.006), i LY294002 W w] 4l b1 HMGCSI 7= fEH (P=0.000), 7ERI¥EXT IR M ik Rkl A ik, 7
VA LY294002 T Al [ ik HMGCST mRNA (35 P=0.000) & FIMKILAKF, 58 - HMGCS1 A LA I HL-60 4 xS fb 2 167 254 ol
FFRMBOENE, M PIBK/AKT 135 5 g M 77 LY294002 W) ] bk 52 HAUEE
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Effect of the PIBK/AKT signaling pathway regulated by HMGCS1 on drug sensitivity of HL-60 cells

JIA Yan"®, WANG Hui-wen', YI Jin-mou’, ZENG Hui®, LU Min*
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[Abstract] Objective - To explore the mechanism of 3-hydroxymethyl-3-methylglutaryl-CoA synthase 1 (HMGCSI1) on drug sensitivity of acute
myelocytic leukemia (AML) HL-60 cells. Methods - HL-60 cells were cultured. The negative control group and the HMGCS1 overexpressed group
were constructed by infecting the negative control lentivirus and HMGCS1 lentivirus, and the untreated HL-60 cells were set as the blank control group.
Real-time quantitative PCR (qPCR) was used to detect the expression of HMGCSI! mRNA in the 3 groups, and to verify whether the cell lines of the
HMGCSI overexpressed group were successfully constructed. The effect of HMGCS1 on the expression of AKT and phosphorylated AKT (p-AKT) in
phosphatidylinositol 3 kinase (PI3K) / protein kinase B (PKB / AKT) signaling pathway was detected by Western blotting. CCK8 method was used to
detect the effects of HMGCS1 and PI3K/AKT signaling pathway inhibitor LY29400 on the activity of HL-60 cells. The effect of LY29400 on HMGCS1
expression was detected by qPCR and Western blotting. Results - Compared with the negative control group, the FMGCSI mRNA expression was
increased significantly in the HMGCS1 overexpressed group (P=0.000). Compared with the blank control group and the negative control group, the p-AKT
protein level in the HMGCS]1 overexpression group was significantly increased, while the AKT expression of the 3 groups was not significantly different.
CCKS8 method showed that compared with the blank control group and the negative control group, HMGCS1 could reduce the effect of adriamycin on
cell viability in the HMGCS]1 overexpressed group (P=0.003, P=0.006), while LY294002 could inhibit the effect produced by HMGCS1 (P=0.000). The
intervention of LY294002 could reduce the expression levels of HMGCS1 and p-AKT protein and HMGCS1 mRNA (both P=0.000) in the negative control
group and the blank control group. Conclusion - HMGCS] can reduce the sensitivity of HL-60 cells to chemotherapy drug adriamycin, while PI3K/AKT
signaling pathway inhibitor LY294002 can restore its sensitivity.

[Key words] 3-hydroxymethyl-3-methylglutaryl-CoA synthase 1 (HMGCSI); cholesterol metabolism; phosphatidylinositol 3 kinase (PI3K) / protein
kinase B (PKB / AKT) signaling pathway (PI3K/AKT); acute myelocytic leukemia (AML)
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W, F

2 40 M M 3 i 9 (acute myelocytic leukemia,
AML) & —FiIfilig Z 58 & IR, B AR A
PO R, TR NI (RN A iy, F iy P A
e A IR 254 i FH A AML L0 22i8yT (b
57) &Y™, HiEim T4MZH (hemopoietic stem cell
transplantation, HSCT) m[45%4AR14 AMLYY, 8kifi, i+
97 5 B BE A AL 2 % Ge i S ML T HSCT Ji5 ) ke
B, KEBBENTGTERIEA RN ™, ek, bl
R IR & AE MBI ARSI i £E A
J5 IS B R A T A MR SR . R R R
(mevalonate pathway, MVA i&fz) {E A NH E BEACEAT—H5
5y, RATETHEZ WP —FREEREERZ Y, EIEH
diferb, MVA R3] e B, EMEaied, %
TR e 2 FhHLEI A % A 2] 7 BEAERFE Y KB, fE
AML 1% kP68 (multiple myeloma, MM) i MVA
A2 WLt A P G G RN AL fE R A AR E L, 3- Bk -3-
F A %l B A (3-hydroxymethyl-3-methylglutaryl-CoA,
HMG-CoA) & J& B (HMG-CoA reductase, HMGCR)
& MVA 3 122 vt M — f R B, 3- 2 0k -3- PO - il g
A & KM 1 (3-hydroxymethyl-3-methylglutaryl-CoA
synthase 1, HMGCS!) J HMGCR 1y F i K., H ai,
R K 22 TR 2 ], I [ B AR 5 Wl s e LSS 3 i B
(phosphatidylinositol 3 kinase, PI3K)/ 2 [ #4f B (protein
kinase B, PKB, X FR AKT) 1 5% (PI3K/AKT { =
W) AHOCHR, WEEMEI RS K R (A E
YEM .. PIBK/AKT 15 538 2% A i3 1 w5 |62 JIH [ B2 A BR 25,
AT 58 T Al 51 I (3 S RE 0 5 1T MVA i 12 A0 i
S e] 3 i s PISK/AKT 55 i 1Y 1% 5 e 1 R AN il ZLAR
VLTI

£ AML th, PBK/AKT/ & 1 %5 & = th & O
(mammalian target of rapamycin, mTOR) {55 il #& A9 £
SRR ORI WL, T fEAniRE . g fe, EEE
fn, AT 5 RIMEFMIRTE S b R AE S HEM, R20 AML
it 25 5% % " W9 KB, {E PIBK/AKT/mTOR f
Sl R AML B, HTE A AN R R S R A A
FHHEDERD,

AW AT HMGCS1 5 PI3K/AKT {55 3 #% [A] /Y
FHE.AE X AML HL-60 20t 255200, oh A R AYE
T M FUE S iR (i .
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3- Rk -3- WL - Bliml A Bl 1 2 PIBK/AKT {5 Sd 52 HL-60 240 /It 245 ¥ 5 R | 993

1 HES%HE

L1 40, A MALES

HL-60 AN BRI 1 o A 080, RPMI 1640 5
. MeA4-IiE (fetal bovine serum, FBS), Xt (7. $EHE
RAWK) ¥ H 3% E Hyclone 23 w], HMGCS1, AKT, %
ft, AKT (p-AKT) —$1#9 H 2 [ Cell Signaling Technology
v, fbi N GAPDH ZuifEbifk . RIPA & [ 2Lk B
AR KA AR, CO, 4UMIEE IR . b
H 2% & Thermo 2y w], 12 fL#k, 96 fL#k ¥y [ 3% E Coming
], ML, SOCREEI H 35 E Bio-rad 2y,

1.2 52457057k
1.2.1 BRI K e L e kA . HMGCST 1%
s aE PP B R 22 Bl S WL R AR B IR A H
Fidt, o HL-60 Z0i 2 Fh T34 8 mL 52 &85 575 (89%
RPMI 1640, 10% FBS Jz 1% M4t ) HJ 25 em 15 35 i
IETF 5% CO,. 37 CHIE: R/ RER B 7. WME NG
10 AR LA PR AL %6t B A i A i 47 95 56 . K HL-60
AR 8 5 < 10° A /mL g FpF 12 fLBR, FE4L 1 mL 4%
3 AL, RTEEEEYE % (multiplicity of infection,
MOI) 2y 30, [r] 3 2 A 4L 4y B A HMGCS1 12 5% 3
(HMGCS1 it iR ) FFHH IR (B R4 )
% 15ul, B—ILATERE (X HEdL) . R a4
i & T 5% CO,, 37 CHNfgdsFRA b4k Eiss 55 72 h, 1
Jer B 12 AL T 98 BB AL, fd & 2 pmol/L
MR 53 25 1 56 4 B 57 A O e B e % e HMGCS 1 1 ik
2 R PR A i, T IR SRR,
1.2.2 qPCR # illl HMGCSI mRNA fy %3k 4y Bl Uk 4
1x10° A~ 3k 3 24400, JH TRIzol (2 [E Promega 2\ wl)
FeAARSIRFIFEAB TN 5 RNA, pK Bl RNA 3R B
e alifE f5, ffFH RNA ROEESRIRFIE (N h gitd A4 Ft
HAMRAT) ff RNA 5 cDNA, e 79550
7 & PCR (real-time quantitative PCR, qPCR) #& |, 5l
WAL 1, AR4E qPCR R 1 17 fif th 2 gy 34 dh 2% 5>
Pras R el Stk 4 i C A UL GAPDH h N %, RH
274 {1 HMGCS1 mRNA [ 257k F

JRF9E PIBK/AKT 1553 i 55 JH [ B2 A1 b 3 225 ]
HMGCSI Z IR %, LABAMER IR & HMGCSI 1t ik
S A0 A BF 2 4 52, H 20 pmol/L LY 294002 &b 2 21 41
M fe, fhdE S RNA 4% ik D IREAT qPCR 43 4r, 440
HMGCSI mRNA [ZiEkE, SIFsIE 1,
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%1 qPCR 514751
Tab 1 Primer sequences for qPCR

JEH AR L5l (57> 3)
HMGCS!1 5~AAGTGGTCGTTGAGGGCAATG-3'
GAPDH 5~AAGTGGTCGTTGAGGGCAATG-3'

1.2.3  Western blotting 45 ] PI3K/AKT & 5 il % #H ¢ &
ERYRE B ERA 3 AL T 6 R KR 40 iR JF & T EP
Frf, a4 NN 100 pL RIPA 7 (4 ¢ fif i Fn 1 pL 3
F 2k T Bk 40 (Phenylmethylsulfonyl fluoride, PMSF) &
E B 55, iR kd IR A 5 B T ok b R 30 min, T
4 C, 12000x g B.0» 10min, EiEREIHAIREA, H
BCA Z:illE EEHIRE, A 5x EFELE ok, T 100 C
kig HAE P 5 min, B 20 ug & = T 10% - bE Ak B R B
5 R T R B U L Dk AT 40 8, BT PR PR I A R
1 15min, fiA—pt (L HMGCSI, $ii AKT, $i p-AKT,
PT GAPDH 4 T {E i & 43 %I %5 1:2 500, 1:1 000, 1:1 500,
1:5000) T4 CHFRELR, B AREiriciI —Hl (T
TEMREER 1:5000) S=7RMEHE 1.5h, EREEHTEE. B2,

JyWE5¢ PIBK/AKT 15 5 i % 5 /10 [ AR i b 3 22 0
HMGCSI 2. 1Al W 3¢ %, R B A E W & (0, 10, 20,
40 pmol/L) 1 LY294002 AbF %+ HE 20 Fl HMGCS1 i %
ARG, 5 B PIRASI 2 AN & B Rk K
1.2.4 CCKS8 # M 41 M i& ¥ 138 3 41 4m e o 51
122 B8 2> 10" 4> /mL 482 Ff T 96 fL v, A AL & 58 & B
F% A o0 L, 4y Bl A AL M A 0, 1.0, 2.0, 4.0, 8.0,
16.0 pmol/L [ 22 2% 10 uL (/% [& Biofroxx 2% 7)) F-kr 7%
48 h, & A AR IR AR RO 2L B AR IL, & F
N 8 FRFEAR A N 25 4L 1% xR FL, A& i & Z54Y
R A AL AZE AL, BRERE3IANE A, #d
CCK8 ik Fl& (Lifp-LilE AP AIRAR) 540
i . ARG D (%) PO O (SREEAL — 28
HAL) / GHIRFL —Z=2 1 4L) x 100%

¥ HMGCSI it Feik H At 8 2 x 10° 4 /mL 50T
96 fLtlH, BEALESEAREFRAE 90 ul, JLEEFh 2 B 96 fL
o 2 Bl AEFLAA 0. 1.0, 2.0, 4.0, 8.0, 16.0 umol/L
BIEEZ 10 uL, s hseiil, WRILFI= A4l (5 kb
W EAE]), AW E 3 AL, B 96
FLAR B9 45 4L A 0.2 mmol/L [ LY294002 10 L, % &
Fy U s ) 55— B 96 FLAR AR AL H oI B IR ER 2% v itk
(phosphate buffered saline, PBS) 10 uL, % & 4% B4,
W% 2 HTESRA RS 48 h, SR CCKS i Fl & s i
Neid . ARRTARNEE D (%) BIHHRARS R SHISAH

N

i
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s (5> 3)
5~AAGTGGTCGTTGAGGGCAATG-3'

5-AAGTGGTCGTTGAGGGCAATG-3

L3 BiibEarbi

FI SPSS 13.0 Bk fhXHTF SRR (56 LF 007,
FHH ks Fr, & LI HAR LR R IR 207 200 b«
P, P<0.05 377 R A G L o

2 "R

2.1 BHPERIE K HMGCST 3k 46 3 Atk it b it

A HPF 38 1o % G B P 3 TR A8 5 F HMGCST 1855 35
e St P % B S HMGCS T i 2638 4 i dk R J88 e 15 95
HH A& AT (green fluorescent protein, GFP)
PRic R R AR dk £ 5 35 72 h J5, T8 L . B T
SR B, AN HE AT Sk (e, Ak BH B M B R
HMGCS1 it b dnigpadicsh (B 1),

TE: A BIPE H4HAR ; B. HMGCSI i ik 4l
1 WHAEHIETIE HL-60 HIRISRFRELBER (X40)

Fig 1 Observation of HL-60 cells after lentivirus infection by fluorescence
microscopy (x40)

it — 217 qPCR AG I 22 1 %6k WA, PH P e B4 &
HMGCS1 it % ik 41 48 M i HMGCSI mRNA [y % ik %
B, 572X BAMLL, HMGCSI iof 235 4 i 41 i v
HMGCSI mRNA H R K KT8 5 (P=0.000), & i1
(2.98+0.17) fi5; 1w BAYEXT AL MM W B 2 5% (&
2), H5R4ER HMGCSI1 i Fah Ak i)
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HMGEST mRNAK 26

HMGCS]
U SEL]

SEREEE P B

E: ©P=0.963, “P=0.000, 5793 A LLEL
2 gPCR #:ill 3 42 HL-60 4fa g HMGCS1 mRNA B3Rk F
Fig 2 HMGCSI mRNA expression of HL-60 cells in the 3 groups by qPCR

2.2 HMGCS1 i #3541 40 AKT J p-AKT 1194635
it — AU E HMGCS1 5 PI3K/AKT 5 5l i 1Y 5%
A, AWEIEE T Western blotting 45 il 3 21 241 Jd o AKT,
p-AKT fUFR M, SR TR, 528100 A R B xt A6
ZHAHEL, HMGCSI i Zik 2 p-AKT B Ak P 1 % 2
e, MAHRLE & AKT R RINIEHE 225 (B 3), 4%

B4R, HMGCS1 Wil ik Al GE X} p-AKT b G4 —
ENEEIER.
|3I*."'|HT e m— _

AKT S e omm—

HMGOS]  — a———
GAPIIH —— . —
= o s N R R g HMGCS1
ke

3 Western blotting #il] 3 42 HL-60 #Affich AKT, p-AKT F&i%
Fig 3 AKT and p-AKT expression of HL-60 cells in the 3 groups by Western
blotting

2.3 HMGCS1 i &5 41 401ty 25 P o vt 5 Br

s BIHAAREZ W E (0.1, 02, 0.4, 0.8, 1.6 umol/L)
P25 22 A0 BE 3 AH AN 48 h, 2R JH CCKS L& 41 i
Ji. #R (FE4A) oR, BEERE SRR, 34
ARG S BT B s 52 o AL A0 BA X
MR AH EE, HMGCSI i ik 4L 40 76 ) T P AR R 4 55
(P=0.003, P=0.006), BIfRFEFEEIIIED .,

BEf, UAHMGCS i 2Rl Aot 4, 1t
KYIMA AR LR E (0.1, 0.2, 04, 0.8, 1.6 pmol/L)
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3- Fedk -3- WL - G A 0k | S PIBK/AKT {55 % 5 m HL-60 4 i 25 9 U | 995

1 BT 55 25 J 28 ¥k B S 20 wmol/L [ LY294002 Kb HE 48 h,
[ Bef 1) 6 FR A A PBS DAfGHE LY294002, H A4 {ES
SCUSLHARIR] . R CCKS 3l 22 595 20 K xt HRZH iy 41 e
H, &R (K 4B) o, S5x A, el amiun
A TRFEREIL (P=0.000), FARZRER, HMGCS]
[ ik & 3K Al AR HL-60 21 i % fb 97 25 W 1) i vk, i
PI3K/AKT {553 i#% HO 410 il 751 LY 294002 M| m] - &2 H i
P gk, HMGCS1 mfgill it i#i& PI3K/AKT {553
& SR s HL-60 241 et B 25 25 A e

80 — A
i

— HMGCS 13 #eiki

fi

401

MRS B

20

T
0.4 0.8 1.2 1L.&
i e B vl 1)

i .
— 0
— e} B

i) 4

401

WS e

20

0 T T T 1
0.4 0.8 1.2 1.E

il o e e A pnmol /L)

A IR R BT 8 35, 3 ARSI B. AR
TR PRI A LY294002 %f HMGCS1 i F IR AL AN N O FH X S0 5200

4 CCK8 i taill HL-60 ZARaxtPT ER Mz e IE =L
Fig 4 Sensitivity of HL-60 cells to adriamycin by CCKS8

2.4 i PIBK/AKT 15 S 3% vl 55 HMGCS1 133k
SCHk " F W, PIBK/AKT {7 53 3% A 0 il 351 T 3 iof
B S B R R 45 4 B 13 -2 (sterol regulatory element
binding protein-2, SREBP-2) i 4 & 1A 5 RH & g AL
i, bk — % PIBKVAKT 15558 1 55 1 [ A% gt
() 3 225 K] HMGCST 2RI 5% &, A BFFER ] Western
blotting 48l £8 A~ [A] ¥k J& LY 294002 40 F J5 1 BA M 6 HE 20
FITHMGCS] it Z ik H AN R A &b, 450 (B SA,
B) &5, [ % LY294002 ifc B 1Y 3 A, HMGCS1 i
p-AKT fYZ 35 &K #i %K, R qPCR 43 #1 £8 20 pmol/L

LGRS (BN L 2019, 39 0) (@)
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LY294002 Ab¥E 2 AN S HY HMGCST mRNA Uik, 45

W (E5C, 5D) Bor, 5K LY294002 Ab PR (e B2
F50) FHEE, 2 40400 £ 20 pmol/L LY294002 4b B 5
A
LY29400241)
e A pmol /L) ] 10 20 40
—_

HMGCS| * — i

C

s
]

=
1

L

HMGCST mBENAH] 8% it

[Il EIU
LY 29400281 1/ pmol/L)

4. A, B. Western blotting #lI7R [F3 i LY294002 3B 1820 (A) 1 HMGCSI1 133541 (
13 LY294002 X BT B (C) F HMGCSI i % ik41 (D) 4ifigdh HMGCST mRNA ZiK1I5200,

5 PISK/AKT &2 58 517 LY294002 3¢ HL-60 fEsh HMGCS1 Rk M

HMGCSI mRNA IR EIHA % T (¥ P=0.000),

bk g5 R AR R, il PIBK/AKT 15 5 3f 2% vl LA 40 il
HMGCS1 fy#%ik,
B
LY 294002y
7 EN pumaol/ L) 0 ] 20 40
HMGUST | S S— —
p-AKT S e,

G D S
GAPDI W S

D

s
1

=
]

L

HMGCST mBENAH] 8% it

[Il EIU
LY 294002 18/ pmol/L)

B) #frt & HFIEMEN; C. D. gPCR ARMFR I 0, 20 pmol/L
?P=0.000, 5 LY294002 i} 0 LA

Fig 5 Effect of PI3K/AKT signaling pathway inhibitor LY294002 on HMGCS1 expression in HL-60 cells

Sy SEBPR S GE ,  BhR An e T E i eds B S Rk gk
UM IIRE R, PRl R R A E R R s
HRT, O AH SR 20X s e A B el A 70 ok R 3 5
T3 R AERIVE A TR E , (S A 7ERE AR R e -t
3 2 A5 R EE AR A 5 — R A AR i
F&, HAE AML giifig o rE I this A AR

£ AML 40 a1 0 [ BE A s R mr gt e, He PRk A
HMGCR Z 3| | J"{Z ki, hiT 2254 1F A %ok B Y
iR TG AML ELdk A TG RSB B ", 18
BT AML 20l A7 £ — 250 U BR LA ", (75 i T
RGWALIEIRHETT BOR BRI BRI R 22 5. 1E
2 HMGCR {J L4 R, HMGCST 2 IR [ B2 4% 15 Y 5
R, TR CEESEE A FnCBE CRERIER A 2B K HMG-
CoA, BF7E "™ %L, HMGCSI £ BRAF" 75 ) 1 f5, 25
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T FNEE B e b RE NS oS (R IR 35, X SRR
HMGCSI w] Ge7E iy 4 i 3 5 b K 4% B ZAE . AR
MRERER (REFREAR), £ AML BF v, FHXT5%E
SLRMRA, H %/ MIGH F HMGCSI % [ S mRNA 7k
A ER AN, H HMGCSI & 3¢50 S35 10 ifiL 1 A [ 52
Je =k H K CE S5 HMGCST S5k B8 s BAMR
£ R R, HMGCS] ok 2635 4 41 ef Bl 5 35 11 24 40 i gk
PEA BT T W, 4kifi 427~ HMGCSI A GE/E AML [ fiit 25§11
ik R E R,

PI3K/AKT 15 5 4% 1 86 wT {4 P9 200 e i) A K 2k
Fopil, B2 R AN R I AL R e ) 4 5 e FLTi 241k
B, HAiA R " %W, PIBK/AKT 15 5l % 5 1
W, Mrom. MRS 2 Pl & B, KB R
TG VA 56, LY294002 E % PI3K/AKT {5 538 % (19 411
g, A A AKT (REER (LS RAEER., =
b i (As,O,) F1LY294002 % HS-5 -5 i ik it 40 i 4
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