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Study on role and mechanism of Pim1 mediating NSCLC progression "
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[Abstract] Objective To investigate the effects of proto-oncogene Pim1 on the apoptosis,proliferation,
invasion and migration functions of mouse Lewis lung cancer cells (LLC) and the possible mechanisms. Meth-
ods The normal lung tissue and non-small cell lung cancer (NSCLC) tissue samples from the patients with
lobectomy in the Affiliated Taihe Hospital of Hubei University of Medicine from August to October 2021
were collected. The Pim1 protein expression in these two kinds of tissues was detected by the immunohisto-
chemistry and Western blot. The CCK-8 assay confirmed the optimal concentration of SMI-4a,a Pim1-specific
inhibitor. The LCC cells were divided into the experiment group and the control group. The experiment group
was incubated with 50 pmol/L SMI-4a,while the control group was incubated with the same volume of dime-
thyyl sulfoxide (DMSQO). Western blot was used to detect the expression of Bcl-2,Bax, caspase3,cleaved caspase3,
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matrix metalloproteinase (MMP)2, MMP9, serine/threonine kinase (Akt) and phosphorylated (p)-Akt. The
cell apoptosis was detected by the DAPI staining. The Edu kit was used to detect the cell proliferation,and the
Transwell and cell scratch assay were used to detect the cell invasion and migration ability. Three C57 BL/6
mice were injected by LLC in the groin,after the tumor was harvested, the same volume was inoculated into
the groin in 12 mice to construct the mouse tumor charge model, which were divided into the experiment mod-
el and the control model. The intratumor injection of SMI-4a 80 mg * kg ' * d ' was performed in the experi-
ment model and the same volume of DMSQO was injected in the control model. The mouse was executed and
the mass of tumor tissue was measured. The changes of apoptosis core in the tumor tissues were observed by
hematoxylin-eosin (HE) staining, and the Pim1 expression in tumor tissues was detected by immunohisto-
chemistry and Western blot. Results Compared with the normal lung tissues, the brown-yellow staining of
Pim]l protein in the NSCLC tissues was increased, moreover the expression level of Piml protein in the
NSCLC tissues was higher than that in the normal lung tissues (P<C0. 05). Compared with the control group,
the protein levels of Bax,cleaved-caspase3 and caspase3 in the experiment group were increased, the Bcl-2 pro-
tein level was decreased, and the number of apoptotic cells was increased, the p-Akt protein level was de-
creased,the DNA synthesis and the cell proliferation was inhibited, the MMP2 and MMP9 expression levels
were decreased,the invasion ability and cellular vertical migration ability were decreased (P <C0. 05). The cel-
lular horizontal migration ability was significantly weakened. Compared with the control model, the tumor
progress in the experiment model was significantly inhibited,and the tumor quality was lower (P <C0. 05). In
addition, the eosinophilic staining in the tumor tissues was decreased, the intra-tumoral apoptotic core area was in-

creased, the apoptotic core showed more fragmented nuclei, apoptotic core Piml brown and yellow staining was de-

creased, moreover the Piml expression level in the tumor tissues was decreased (P <C0. 05). Conclusion

Inhibiting

Piml may inhibit the progression of LLC tumor in mice by reducing the phosphorylated protein level of Akt.

[Key words] Piml;lewis lung cancer cell;proliferation;apoptosis;invasion

I 957 2 ThE SR s 23 R0 BB 2R A v A R M
FBE T T RO R AR YT ML AN B, A T B
EARNR R AR . H AT gT N R R 5 B Pim1
T fir S5 20 i B0 38 B A o AR bl B Y HE
T L7 O 28 8 L B2 40 R 4% b b Rz 40 i R ekt
HLFE 22 1038 0 A e 98 S s 900 B L JHE 98 R R I TR 9
Feik BN H Piml 7E R /N 40 B W (non-small
cell lung cancer, NSCLC) & 5 #L il o B IF 57 i A B
. WESRINN . 22 Z R/ 75 2 2 V4 (serine/ threonine
kinase, Akt) 5 [l 5 40 M (0 3% i %5 KD O
SCARPA %" HF5E 45 L Pim1 4% Ake B L. 5
Ui ML 3G A 2 () AEAE R R . RS I, Pim 1 AT D) i
R b Akt 35 /N Bl Lewis Jili i 4 i (lewis lung
cancer cell, LLC) i 3% 58 B8 J1 . M\ 10K Bili 988 36 77§18 4
ENL T Piml 85 A, BV o X5 RSB SR LLC &
Pim1 £ 5057 SMI-4a, 2 8 Piml % Akt
FRAL K- PR T 2 Pim1 V895 40 B4 58 L 99 T L iE RS A
RZEBM e J1. I, AW 5 7E 8 o iR Piml 78
LLC 818 H K L 0T 68 AL L o Jili g8 36 97 F 2 9 ot
R AL RS BRE R .

1 #MREF*
1.1 ##
1.1.1 %%z

15 H C57 BL/6 /N, 6 J& & . /A HE (20 £ 1) g, 1]
FETWALE 222 B sh ) b5 » sh ) 52 5 © i ) b s 2
eS8 HE 2 5y S EL SYXK(38)2019-31],

1.1.2 @l XA

LLC R T [ BF 27 B b1 40 Mg )2 s SMI-4a 1
H 1 AR A W R PR H) s Edu i) & W 28
Thermo Fisher Scientific 22 & ; RPMI-1640 g [ 3£
Gibeo 22w JIG 2R L 75 W 9 A DY 2 55 23 ) 5 5 Jo M
FEZ-HEZ WP 100 X ) A 22 FH Corning 2\ 7l ;
Piml 4 H 35 E Novus 2 ) ; Bel-2., Bax., & 2k bt
SR ) K2 F MR & M K i Tl (cysteinyl aspartate spe-
cific proteinase, caspase) 3, cleaved-caspase3 . F& Jit 4=
J& % H B ( matrix metalloproteinase, MMP) 2.
MMP9 , Akt FI# 2 1k (phosphorylation, p)-Akt b B-
actin.GAPDH #Hi ik H £ ImmunoWay 23 &) ; —
el B DU R A ) H R A BR S 7 5 S H 2k
R & A SO AR Y TRARA A,
1.2 7k
1.2.1 %EALATEEN Piml &G £ EF F 5
gt B H AL ey KA

Wt 2021 4F 8—10 H b B2 24 2% B Bt J@ K
% e A3 Ml -0 3% S8 35 160 A 2L 20 NSCLC L 8L
A BR A SR A 220t 58 3 5K @ AU [ R Bs e A B 2
SiHbE . 1020 HH SIS MR R G Il ZH 2 % /0 12 h, %
PR AR B K AL, U0 R s U0 7 B B MK S s s e
JifE & 37 “C BSA $ 1] 0.5 h,Piml Hifk 1+ 150 Lk
PR R, 37 "CHER 1 h, ¥ 1 s 9 37 CHEFH 0.5 h,
HDAB R &R s AR R ER 0. 5% R
Bt o3 Ak s v PR I 5t T S g



3378

1.2.2 CCK-8 %% 3iE SMI-4a 49 % & %

96 FLAAEFLIERD 4 000 4 LLC, A 200 pL 4
i 85 7, 2 h WG RE S IR 0,10, 20, 30, 50, 100
pmol/L B SMI-4a ¥ B M ASLH, & 4 NEfL, 5
FEFERE IR 36 h G A 200 pL &4 10% CCK-8
(Y JC MLV 35 95 R, B SR AR B5 9% 4 b, WO B2 (absor-
bance, A H . {fi i Excel B A{F M1 3815 SMI-4a K #1
il 28, ok A5 2 e B (50 % inhibitory concentra-
tion, 1C;, ) 1H o
1.2.3 Western blot # M| 28 io & & K -F

LLC #li 2 6 fLAR, 53 52 56 41 F 6 B 41, 70 %0 il &
FESCE A EE 50 pmol/L 1) SMI-4a, %} 18 40 0 & %5
AR DMSO,37 °C 5% CO, M 4 555% 8 h,
BEALINA 200 pLL 55 A 28 100 6 500 7 240 i 2R fire o 4
CER ARSI A 1R R N % v e £, X 10 pg B
F1 28 SR V0 W T i 68 e P Uk 0 B 0T e B B PR 47 4 R
5 ,5% BSA ZEiRE 1.5 ho 4978 1+ 1 000 F B
Bel-2, Bax, caspase3, cleaved-caspase3, MMP2, MMP9 ,
Akt Fl p-Akt BUARFBEE 4 Crb B 2R 3 W, T 1 ¢
8 000 i BE MY XTI 1 —Hi b =R WEH 2 h, PEME, ECL
B A%, Image Lab iR REAIEIFIC R R, FAE, R
FH Western blot £ I 1F # fiti 41 21 . NSCLC 4 24 Jz /s
B iy 4 280 iy 2 41 Pim1 2B 1 F K TH L
1.2.4 DAPI £ & tmfe A =

LLC #ii 2 6 fLAR 41 M€ F, 43 52 55 28 X iR 41,
50 % B4 R S E 50 pmol/L A9 SMI-da, X I8
I F SR T DMSO,37 °C.5% CO, 4055746
Rigt 8 ho il G 4k 285 9% 24 h, W TFHHE AU Z
B 20 min.0. 3% TritonX-100 i i%E 10 min,
PBS ¥t 3 WJa &L A 100 pL B DAPI ¥ #%, PBS
Bk 3R, U AR BRI SR .
1.2.5 Edu X% &40 40 o3 75

LLC 43 52 5 20 A Xt B 4H L 43 551 L 20 pmol/L Y
Edu SRR 1 1 IRA W E 400 6, e 1 3%
TR, Z BB EEBE 20 min,0. 3% Triton X-100
Wi 10 min. BLANA 0.5 mL BIR A TAF 1K = T 8k
YEIFE 30 min, A 3% BSA BUBERREL Z% MK (phos-
phate buffered saline, PBS) ¥t 2 ¥K. PBS E ¥t 1
WL EFLIMA 1T mL ¥ E N 5 mg/L 1) Hoechest33342,

< < T
> N S ey Se 4
~ S~ W,

X X g, TN
\ o

N \ v Vsl -
\ A VAR W
Y Q [\
R N \ s
. W \ q &

. Soe . NS
)+ (R e NN N ~

\ A 3 ~ \ N

AW | SIOTRENERNE &
R -~
LN iy l—h\

~ bl W
\

NSCLCZH4£R
A TEH 221 F NSCLC 1 Pim1 ik 1 5L (G L 2146 2% 75,20 X ) ; B: Western blot Kl Pim1 2 [ %35 ;. P<<0. 05, 5 IE# M 1 UL 5

A ‘EEman

E 1

B

€A E % 202311 A% 52 6% 224

FEIRROEIEE 30 min, PBS i ¥E 3 WK, 2806 Wi A
MRt %,
1.2.6 Transwell #= %] JE 5% 354 0| 2w J0 43 & Fo iF

26
G

#%

LLC 43 250 20 ARt B2, SEB 4 0% B 50 pmol/L
) SMI-da, %F 8 41 % 7 46 & F1 DMSO, 37 C.5%
CO, MM R4 9% 8 h WAL . B0 & Hit k.
RZERE IR . WA 50 pL AR BTIE B 500
pL B2 gl 5 32 3 B A Transwell T % ,50 000 >4
Mo B 200 pL B F L=, EBEES KK 500
pL 4 20 1% 5 3L B A Transwell F%,50 000 >4
MEEW 200 pL BF EE, 37 C.5% CO, 4k
SRS 4 h, W R, Z R EEEE 20 min, ff
HOmEgER LE B, SRR R YL, PBS Uk 3 Ik
Jo o B T AR BRI Sk,
1.2.7 DPRABHERAES

3 H C57 BL/6 /MR 5% /K & S B RE . 0. 1
mlL DMEM # & 5 X 10° 4~ 40 Jifg, /)y B IR A 3 W5 34
T5% LTRSS LLC; 15 d 5 U3k g , J1 45 K
YIar i 12 4y 12 F/)s BRUIE I 2 i 9 20 20, iR I 52
TG 43 o0 S 6 21 AN B A S50 418 N T S SMTH4a
80 mg + kg ' o d 'L XF MR AH A A B 3R AR (dimeth-
yl sulfoxide, DMSO) ,15 d J& /)N B¢ SR 58 . 35 B8
FREUTT i DL i 8250 00
1.2.8 # KZE-##4 (hematoxylin-eosin, HE) # &

ANER IR L2 e R B R O AN K
TRARBEG A 30 s, 5 W MR LB 1k 5 s.45 C KB
R, PR fn 1 min, 38R £ B B G, T b R R
HhA.
1.3 %itsam
K GraphPad Prim8. 0 34 ¥ 47 8048 70 8, 11
HERL © + s R, R SRR R 7 22 9041, L
P<0.05 NERAZITFEX,
2 % ES
2.1 Piml f£ NSCLC 2142 % %3k kA

5 20 4 e, NSCLC A4 Piml 2 1119
RO ge ot 2, H NSCLC 441+ Piml & (1 %&£k
KAV TIEE A2, 25 %A Gt 3 L (P<<0. 05)
L 1.

N
o

-
(%)

IEEM4ELT  NSCLCZALR

Piml s ’{]34><103

GAPDH

Pim1/GAPDH
=)

°
o

—_— 35X10%

o

& NSCLC
AL LA

Piml EIEE AL NSCLC ARPHRIEFR



¥ AE % 2023511 AF 52465 224

2.2 SMlH4a %7 LLC @ieH

CCK-8 3¢ % 1% 2 4 it 9 SMI-4a IC,, K 50
pmol/L, 50, 100 pmol/L. SMI-4a ®] LL B & #1 il
Piml H A LLC &K (P<<0.05), SXF M4
B, 5250 4 Bax #E H . cleaved-caspase3 . caspased 7K

3379

Fhi 1M Bel-2 2 1K BRI (P<<0. 05) ., DAPI 45
R, IE R LLC /40 0% 81 52 8% 7T, 08 7 40 i
ORI R A E R S 0 A N DA N NG
A RS A 7 T 4 240 AP L A S 50 4 U T 40 A A
LLXT AR 3 2, WA 2,

SMI-4a(umol/L)
0 10 20 30 50 100

. |
08 Pim1.~ - - . » ‘ 34X10°
[ ]
Y=0.619 _2X+5.103 07
R=0.680(4 . ~
‘ ........ 0:6 B-actin - - feil - - -~ 42 X10°
E| T 05
= o 1.5 7
= "o 0:4
A
= e 03
¢ | g o
.... '. d 02
...... L . £ 1.0 ==
------ 0:1 5 —
o . (lv
[ 0 (o a a
| ~ =
-82 -8 1.8 -16 -14 -1.2 -7 4. E
ot & 0.5+
SMI-4a 10 20 30 50 100 pmol/L
A
0= 1 | |
B 0 10 20 30 50 100
wEaE Sl SMI-4a(pumol/L)
Bol-2 W oxi00
2.51 - - -
\ 1.5 2.0 2.0 b
Bax MU . Ib . i
2.0 g b
= & 1.5 = 1.57
= = -
cleaved— - - 17%10° E 1.5+ 5 1.0 B %
caspase3 g2 S 3 <
~ S 2 1.0 2 1.0
) N @
< 1.0 b & g @
34100 @ 0.5 - &
caspase3 0 S 0.5
3
)
GAPDH ‘ 15X10° L : | :
XHHRLE  SchuA R84 SCUG4R H8LE  SKEG4H STEB4E  SCOG4A
C

D

|

1.5+
b
1.0
4
S
0.5

ERLH  SEEGR

A:CCK-8 ¥ 40 i 8 T~ ; B: Western blot ¥ Pim1 5 1334 ; C. Western blot KM A T-41 6 HE F FK ik ;D I HOC L (0 (DAPI, 20 X)) ;* . P<<

0.05,55 0 pmol/L SMI-da F#;": P<C0. 05,5 % F 41 1L 52,

2 ME Piml FFT LLC AT

2.3 SMIda ## 7 LLC ek
JH A p- Akt H KR AR, 22 5 4 58

T (P <C0.05), LI 4 DNA & K5z 21 3 il
(L5 )6, LLC 41 o 38 58 2R 5 % B4 BRI (P <<



3380 €A E % 202311 A% 52 6% 224

0.05), WA 3, REEAIG . 41 0 = 28 RE ) AN 40 M 3F: L iE RS BB 1 IR (P <<
2.4 SMIl-da 34 7T LLC miaiz £ S h48 0.05), XIYESZI B oR, 526 4 40 il /K 7 1T #% e H1 9

55X R4 He g, Sz a4 MMP2 . MMP9 % ik 7K F B Eg, WA 4,

POpiite:] SCI04R
3 ™ 2.5 = 1.0
I"
- 3 a
p—Akt 60X 10 20— 0.8 T
a
= "
g 1.5 — B 0.6
5 N
:
Akt 560X 10° =
T 1.0 & 0.47
0.5 0.2
GAPDH 35X10°
- T 0 T
SERLH  SKIR4H MERLH  SKIO4H
A
Edu Hoechest33342 Merged

POy

St

A:Western blot I 2 (13234 ; B: Edu 5236 K I 20 g 3 51 68 71 (10 <) 3. P<C0. 05, 5 X B4 b %52 .
& 3 M Piml BEIR T LLC 2018 5 6

2.5 P RAARANIESE SMI-4a #4) T M 3 R HAUb B R BRI A B T2 4% 0 Piml FR 2 {4
S5 AR A g RS2 B W AR MR BTN T A BRI AL /D, Western blot £5 8 R, IR

XFHREEAY (P <C0. 05), HE @45 R Box, 5XF AL BOAIME 4 21 Piml 3K 38 7K P 500 BRAR AU IR (P <<

RY LY 35, S 00 55 7R g P 2 Y €5 08 /0 o AR R T A% 0.05) , WAL 5,

T RGN, BT A O ] DL AR 2 R L AN A% . S s



€ AEF 202311 A% 52455 22 8 3381

PO SIS

2.0+ 2.0 9

1 500
1.5 1.5 /A
5 3 <1 000
< < =
< a S a
S 1-0- > 1.0 A
o o UL
= = & 500
0.5 0.5 ®
04

0 XiERE  SKIfdR
A b ie7 Al | e A |

8007
<
ﬁéOO'
‘%400
i i
gzoo- b
e
LA e - B
S AR AL STIR
c SCIG4R D

A:Western blot Krill 2 4 %35 ; B: Transwell SCI KM LLC 12 28 56 5 1E 19 i 71 (40 X)) 3 C: Transwell 5256 K6 0 41 i 16 B 3T #2 68 1 (40X ;D 4
IR S 56 A6 I 400 B K ST BB B 1 (4X) 5" . P<0. 055 5 % R4 Ho %5,
4 M#E Piml BEET LLC AREBE . IHEED

TBRHER SCIOAER)

XERRE SRR

Pim1/GAPDH

St '».ﬁ-m; 5 0
Mg i) D FTRRIER SCIgiER

c X ERARE

A /NEURE BRI 5 B HE Y €8 U058 il 98 T4 0 A8 K (4 X0 5 C B 41 U A 35 A T Pim1 6 /I BRUMOR 4120 b 1 23K (4 X)) 5 D: Western
blot Il Pim1 78/ BNV L 41 i ik ;. P<<0. 05, S5 X B4 Lt .
& 5 R A SEIRESE Pim] L T NSCLC #E



3382

3 3 it

LRI NSCLC 19 5 AR AT 6. 7%, J& 4i
it A A B R B s R B A RS IR
HF AR LA G AITHI7 AR 22 . NSCLC 3R 77
H AT I PR 20 i e 1) )

Pim1 Ay J5U 3 B, AT DGR afF 2 F 235 I 903 1k
M K #E 2 ETE MEAE Y . GAO SN B g kB
Pim1 il i c-myc & 75 5 7L MR 98 i B . BRASO-
MARISTANY %1941 % Bl Pim1 J2& 17 5 = 91 %1 3L
SR I AH A EE L ) Pim] AR A A B AR T =
R0 2L B O A B R T, X BB Pim AT LLAE 2 i g
£ 344 400 ) 40 M 08 T A b R aE R R R AR .
{AAENG I Piml WFRIFAZ I, A SCE 5T T
Piml Xf LLC 5200 , f 3R HAE LLC #F 8 i /e 1 &
BLiE .

Akt 2—FZ 5 PI3K {55 38 i 1Y 80 , 76 40
B 5 Jy TR e AR . Akt AT DL 2 R K AE S
T LOHOE S Akt Y Z TR E A .S 5 40 R
B GRS AR I A R Ak B S Ak B
K O 7E B S8 | I AR e A5 R O b Bl oW % B, 0T 5 0 A
L 154 58 A3 A7 G0 . SUBBANNAYYA 4507220 %
Pt 23K Piml 23850 Akt A PRAS40 {7 5 % iR 1k
HHKT . Akt J2 % 5 ol B IO O 09 EE L 0
Akt [F]ERT DA Aok g 40 38 58 . 4] Piml )5, Akt
() 472 7 s W R AL 2R 11 K OF T B L 41 3 51 Fl DNA
A AE S Z B A, RUFF %% % B0 6l Pim1 &
F 436 1 BB AES T N L 9 200 i 3 L B VR T I A 472
ERE 1. A PG R, SMI4a AL T LLC i p-
Akt FEHKN Wk s5 T LLC 4 i 1= 28 Fl a2 72 BE
FE S I T 40 B b, Pim] 5 40 i A E 5 08 T e A
Akt {553 B8 1 liF 09 32 0 i 2R RS oK A B A
.25 40 i 5 A0 Pim 1 W0 7% T T a4
il T AN T AR S 4 Rt X B 5
— &, SMI-4a ¥ Jm T LLC W caspase3 Fl cleaved-
caspased KK, A ML E 2434 2, i T LLC 40
M| T AESE Piml 76 LLC 40008 T A s b R 35 T
HEMIEM.

i ffe /0 76 4 52 36 90F 52 Pim L 410 56 50 09 4 1 L A8
K, C57 BL/6 /MRS SMI-4a J& . Al UL/ R
LLC /1 i 1k i 22 21 B 5 0 0 61, Fif i 08 1 4% 0 3
T ARSN R I BIF ST 25 R — 2 BT UL B ESE AR TR
BN Piml 8 H AT RE BN NSCLC R 97 ) — A~
HUS, Pim 1 A HE ) 25 0] B R I IR R 97 NSCLC $ it
BrEE . HARSEAE P R Pim1 AR AU R 4E
G2 1 /)N B3 1 2 i, B — R 50 7 50 AT T RSORAS

€A E % 202311 A% 52 6% 224

i AR, i K S R PR B0 0 A R 25 ), T fiE
ESGEL W) IBE Y iU E

2 2% 3k

[1] JIMENEZ-GARCIA M P, LUCENA-CACACE
A, ROBLED-FRIAS M ], et al. The role of
PIM1/PIM2 kinases in tumors of the male re-
productive system[]]. Sci Rep,2016,6:38079.

(2] fLA 2. E44E, FE. 5. B/ g0 i il &
PD1/PD-L1 {5 51 #% 5 EGFR 242 B A S M bF
FE[J]. EPREE2E,2022,51(13) :2232-2237.

[3] SEIFERT C,BALZ E,HERZOG S,et al. PIm1
inhibition affects glioblastoma stem cell behav-
ior and kills glioblastoma stem-like cells[J]. Int
J Mol Sci,2021,22(20):11126.

[4] ABOUKHATWA S M,IBRAHIM A O,A0Y-
AMA H,et al. Nicotinonitrile-derived apoptotic
inducers: design, synthesis, X-ray crystal struc-
ture and Pim kinase inhibition [ J ]. Bioorg
Chem,2022,129:106126.

(5] ERE ATH K4 EH. % Pim-3,p-S6,STAT-3
e 8 105 1A 968 1 3 3 5 it PR BERLARR AIE K T 1 O
R HIKE,2022,51(24) :4175-4184.

[6] FOULKS] M,CARPENTERR K J,LUO B,et
al. A small-molecule inhibitor of PIM kinases as
a potential treatment for urothelial carcinomas
[J7. Neoplasia,2014,16(5) :403-412.

(7] 05, R85, 2%, 55, IGF2BP2 JA & 12 &
20 i e 4 A O TR O R PR RS A B R 1 AL R T 5
[1]. R EE2,2022,51(16) : 2839-2846.

(8] Ak, wlW e, B X, 4. Foo U i o PI3K-
AKT-mTOR {55 i % 4 1 Lewis i H W )
il i e AR R R e B 1 SR DT L) ). Jb st R 24
KAf2EH,2021,44(8) 1 722-728.

Lo BEH whoy, AL WUOS , 0 8 82, 55, 5 28 KJé d id
P13K-Akt {5 53 #% % i fi5 A549 20 Jfa 3% 5 | I
LM AR 2R [ . L5 2 W
2021,25(3):429-433.

[10] SCARPA M, SINGH P,BAILEY C M, et al.
PP2A-activating drugs enhance FLLT3 inhibitor

through Akt

GSK-3B-mediated c-Myc and Pim-1 proteasom-

al degradation[]J]. Mol Cancer Ther, 2021, 20

(4):676-690.

efficacy inhibition-dependent



¥ AE % 2023511 AF 52465 224

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

BRAY F,FERLAY J,SOERJOMATARAM I,
et al. Global cancer statistics 2018. GLOBO-
CAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[ ] ].
CA Cancer J Clin,2018,68(6) :394-424.
R FFE  PINAT TR 5 AR L 25, 2015 4F b [ 8 1 i
FEUAT I B0 o3 A LT 1. b A Mg 225k, 2019, 10
(1):19-28.

MOORE G, LIGHTNER C, ELBAI S, et al.
Co-targeting PIM kinase and PI3SK/mTOR in
NSCLC[J]. Cancers (Basel), 2021, 13 (9):
2139.

SR L BB 2T, VR L A WK FE I g 12 W KR T
H BTt R LT . b B R 2 L 2016, 19 (1)
778-783.

GAO X,LIU X,LU Y,et al. PIM1 is responsi-
ble for IL-6-induced breast cancer cell EMT
and stemness via c-myc activation[ ] ]. Breast
Cancer,2019,26(5) :663-671.
BRASO-MARISTANY F,FILOSTO S,CATC
HPOLE S, et al. Erratum: PIM1 kinase regu-
lates cell death,tumor growth and chemothera-
py response in triple-negative breast cancer[ ] ].
Nat Med,2017.,23(6) :788.

LI H,XIE L,ZHU L, et al. Multicellular im-
mune dynamics implicate PIM1 as a potential
therapeutic target for uveitis [J]. Nat Com-
mun,2022,13(1) :5866.

REVATHIDEVI S,MUNIRAJAN A K. Akt in
cancer: mediator and more[ ] ]. Semin Cancer
Biol,2019,59:80-91.

BERLANGA P,MUNOZ L,PIQUERAS M, et
al. miR-200c and phospho-AKT as prognostic

factors and mediators of osteosarcoma progres-

[20]

[21]

[22]

[23]

[24]

[25]

3383

sion and lung metastasis[ J]. Mol Oncol, 2016,
10(7):1043-1053.

COSTA R,HAN H S,GRADISHAR W J,et
al. Targeting the PI3K/AKT/mTOR pathway
in triple-negative breast cancer [ J |. Breast
Cancer Res Treat,2018,169(3):397-406.

HU H H,WANG X T,SUN Y H,et al. Piml
overexpression prevents apoptosis in cardio-
myocytes after exposure to hypoxia and oxida-
tive stress via upregulating cell autophagy[]].
Cell Physiol Biochem,2018,49(6) :2138-2150.
SUBBANNAYYA T,LEAL-ROJAS P,ZHAV
ORONKOV A, et al. PIM1 kinase promotes
gallbladder cancer cell proliferation via inhibi-
tion of proline-rich Akt substrate of 40 kDa
(PRAS40)[J]. ] Cell Commun Signal,2019,13
(2):163-177.

RUFF S E,VASILYEV N,NUDLER E,et al.
PIM1 phosphorylation of the androgen receptor
and 14-3-3 ¢ regulates gene transcription in
prostate cancer[ ] ]. Commun Biol, 2021,4(1):
1221.

KNUDSON K M,PRITZL C J,SAXENA V,et
al. NFkB-Pim-1-Eomesodermin axis is critical
for maintaining CD8 T-cell memory quality[]J].
Proc Natl Acad Sci U S A, 2017, 114 (9):
E1659-1667.

R, £ 5 B ERKS X Al ol £F 2 40 i 3w
R T A BRI AT L E R R4, 2021,50(14)
2362-2365.

(i B #1.2023-02-10 &[] H 11 .2023-08-16)

(i < D



