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resulting to oncogenic PML-RARo was the main molecular mechanism in the pathogenesis of acute promyelocytic
leukemia (APL), whereas few investigation are focused on the role of PML in acute myeloid leukemia subtypes
other than APL. This study mainly aimed at investigating the role of PML in the proliferation and apoptosis activity
of myeloid leukemia cells and its potential mechanism. Firstly, the levels of PML mRNA and protein in five myeloid
leukemia cell lines were determined by qPCR and Western blot, respectively. Next, THP-1 cells with high PML
expression were infected with shRNA lentivirus targeting PML (shPML group) and its negative control (Scramble
group), followed by puromycin selection. THP-1 cells untreated were named as Mock group. shRNA efficiency was
confirmed by qPCR and Western blot. Cell proliferation activity was assessed by CCK-8 in vitro; Colony formation
ability was analysed by colony-forming assay. The apoptosis rate was determined by flow cytometry. The protein
levels of apoptosis related proteins Bcl-2 and Bax were measured by Western blot. In addition, the expression of
phosphorylated-AKT (pAKT) and phosphorylated-Foxo3a (pFoxo3a) were detected by Western blot. The results
showed different levels of PML mRNA and protein in myeloid leukemia cell lines, and THP-1 cells exhibited higher
PML expression. We transduced THP-1 cells with shRNA lentivirus targeting PML and confirmed knockdown of
PML at mRNA and protein levels. Compared with Mock and Scramble groups, silencing PML significantly pro-
moted cell proliferation activity and colony formation ability in vitro (P<0.05), and inhibited cell apoptosis (P<0.05).
In addition, knockdown of PML up-regulated Bcl-2 protein levels and down-regulated Bax protein levels. Further-
more, suppressing PML significantly enhanced the levels of AKT phosphorylation at residues Ser473 and its down-
stream Foxo3a phosphorylation at residues Ser253 (P<0.05), but had no remarkable change of total protein levels
of AKT and Foxo3a. These data provide evidence that PML as a tumor suppressor plays an important role in leuke-
mogenesis involving AKT/Foxo3a signaling pathway, indicating the multiple role of PML in leukemia.

Keywords  PML; myeloid leukemia; apoptosis; proliferation; AKT
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A: the mRNA levels of PML in five myeloid leukemia cell lines were analysed by qPCR, normalized to f-actin. *P<0.05; B: the protein levels of PML
in five myeloid leukemia cell lines were measured by Western blot, normalized to B-actin.
Bl #EF& B mmd ik RIRIEPMLAY RE

Fig.1 The endogenous expression of PML in myeloid leukemia cell lines
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18 #E SR 4l **P<0.01,

A: THP-1 cells were infected with shRNA lentivirus targeting PML and its negative control, RT-PCR was performed to detect PML gene expression,
normalized to f-actin; B: gPCR was performed to analyze PML mRNA levels, normalized to S-actin; C: Western blot was performed to measure PML
protein levels, normalized to B-actin. Mock means THP-1 cells untreated group, Scramble means shRNA negative control group, shPML means shRNA
lentivirus group. **P<0.01.

B2 shRNAT#i18/% 53 THP-140fPML mRNAFIE B Bk F 8900
Fig.2 The effect of shRNA lentivirus targeting PML on the mRNA and protein levels of PML in THP-1 cells
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The cell proliferation activity of THP-1 cells infected with shRNA lentivirus targeting PML and negative control were analysed by CCK-8. *P<0.05
compared with Mock group; “P<0.05 compared with Scramble group.
E3 FHPMLY THP-140f{ASMETETE R R M
Fig.3 The effect of PML knockdown on THP-1 cells proliferation activity in vitro
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A: the morphology of cell colonies were observed under microscope (100x%); B: cell colony efficiency was analysed by statistics, **P<0.01.
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Fig.4 The effect of PML knockdown on colony formation ability of THP-1 cells
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P3-Q2 stands for percentages of terminal apoptotic cells, P3-Q4 stands for normal cells in negative control group. B: apoptosis rate was analysed by
statistics, *P<0.05.

El5 FHtPML3 THP-140B R T B S0
Fig.5 The effect of PML knockdown on apoptosis of THP-1 cells
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A: the levels of cell apoptosis related proteins Bcl-2 and Bax expression were determined by Western blot; B: the relative levels of Bcl-2 and Bax pro-

teins was analysed by statistics, *P<0.05.
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Fig.6 The effect of PML knockdown on levels of apoptosis related proteins in THP-1 cells
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A: the protein levels of AKT, Foxo3a, pAKT (S473) and pFoxo3a (S253) were determined by Western blot; B: the relative levels of AKT, Foxo3a,

PAKT (S473) and pFoxo3a (S253) were analysed by statistics, *P<0.05.
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Fig.7 The effect of PML knockdown on the activity of AKT/Foxo3a signaling pathway

I 241

PR AN R 1) 5 B T B3 T f 3 P 2 e (€1 4B)
2.5 FHPMLTHP-14HAAT REATHERXE
ERRKFRI S0

S W 5% - P PMLATTHP- 140 J 8 72 161 5% i, )
FH 37 2 40 i A S W00 40 g T % . KI5 8 R, shPML
41 4 M I T F(18.83%+1.39%) i 2 Ik T Mock 4l
(36.19%%2.98%) Fl1Scramble£H (34.19%+2.09%), 7% 5+
HAT G vk 2 55 X (P<0.05), 1M P A% L4 1) 41 9
TR LR ENZES. 1A, B H Western bloths il T
AR T A SR B9 2R 1 iiBel-2. Bax 7K. gk
I, HMockFIScrambleZ 4 L., shPMLZH 40 B Ho i 1

 FIBCl-2 [ /K i 2 THE1(P<0.05), 4298 T4 1 Bax

[RI7KF- ik 2 AR (P<0.05)(#16).
2.6 FHPMLIFAKT/Foxo3alsS i@ & 14ERI R M0
HERVTPMLAYETHP- 140 i 84 55 F0 98 17 1) 43 1
ML, #)F Western blotfa; Il 25 2245 5 18 1 AK T/Fox-
o3a IR AR . &5 RRI, THPMLE
IK AT 3 GpAKT(S473) J2 1 i # 4) F-pFoxo3a(S253)
(8 [ KT, 0B AKTATFoxo3alft 2 4 i /K 7 &
L A5 Ak(K17), 378 AKT/Foxo3afs 5 il i 7] fig
157 PMLAT 1 0995 40 IR Rk 3R 2R (4«

3 it
PMLE (1 )5 v 38 i JE PML-NBs % 44 411 1) 41



45 BES TP PMLN N Z A 005 THP- 120 L5 G R0 T 16 5500 M LR s 809

MORETE . PEREAN P TR . WL RS
S SRR 40 i b PMLIE DR (P 2 A B R AT AT RE RS A1
WEPIR I R o AR D, PMLY; RARJY FFl
HIERRAPLK A4y IRl SPERE R B i 2
JSCN S5 i DL IR P s, AT B S ik, IR L dE
ZM A MR AL . PMLAER E9E APLIR#E & 1 1005
WA s T SRR A e ? A LLRE R L 4
HUARTHP-14 S50 0 5, 2R T HPMLIK) 3 14 50
ZA FA L5 200 L AT 2 ) 5

T, FRATIAS I T SHRHE AR 1 1008 40 A P s
PMLIPFIEIK o SEH0 45 R 0o, 8 2 1 I8 40
R AEAEAN A I PML mRNAFIEE 4 7K °F-. Western
blot4h HLErh, PMLEE 1 i S I 2 /N 457 A2 K PML
BEDRE 3 S 7K P b IR 3k 8 P B D) 1 7 A2 A [ A 2
MIPMLE (1 5t 70 1, M0 1 B AE50~110 kDa. i
T THP-141 L ' PML ) 258 7K P-4 v, PRI, Je 425
56 FATTLATHP- 140 ik 0F 700 2, 281 F HPML
T L5 20 ARS8 B RR 98 T 7 T PR 52 e o ARBI 00E i
RNAFHHA i TPML mRNAFIE (5K T, %
Dyttt T 36 € R 1k shPMLINTHP- 140 k. GuoZ%
10 Ik SIRNAYTER 2 A 58 Dy I N B ik P9 52 40
PMLI¥ ik, J & LPML nJ i 4% 4% K- E24H O¢
[X|+2(nuclear factor erythroid 2-related factor 2, Nrf2)
TR AEBUE A N OE e AR AR50 & B,
PML )32 A 14 5 20 1 18 4% 47D 398 B0 3t A4 R B AT 4 i
T3, A SCERIRAE, 76 E e 4 i b - HiPML
{5 #3 Yes# < £& [ (Yes-associated protein, YAP)/K *F
N, T FEARYAPHI A2 I T4 MY, fEHeLaZi i
o, L IR PMLIN BEAT R i 40 M 35, L2k 40 a7
T, X SURIF SR A S G 45 4 7R, PMLYE i &
1995 55 22 Fofr b 98 40 i v 44 IR $4F F . Bel-2
HiBax & M T- A G873 1, Ll R, T4k
PMLZETEV] FRAPLA T ABel-27K - T 42 I
T- 8 HBax/KF-o GaoZE WL KN, 72 ERE R
1595 41 i AR HL-60 T FHIPML 1k RE W% | i Bel-24
H BRI Bax 8 1 BUKF, R A5 40 1 0
FIVER . XK, T HPMLAEHE F I 40 B 1) 3% Pk
AT RE 5 Bel- 2 Bax SE R MR 1A K.

T T I AR AL PR RO AL
HEE AL WU, K F50%~80% 1) E
i R L5 B A AFAEAKT 70 1 I RF 2 P0oE, Hoix
I BT I JC 0 A A7 6 R S AR AR A7 8 PR AR,

I AK T 5 30 8 20 BCA VA 7 I (1 B IR 2
—.o Foxol 55 R FGAE I AKTH LI UE4E 7+
2, FEFH 0 MU TR A R YT IR TR A R
I I A S5 T R PR LR R AR Y R
AKT/Foxo3afi ‘5 il i & 5 2 5 T PMLXY [ 1ML 41
PR 58 5 R T R AR, BRATT e SR T T PML)S
THP-141 fi AKT. Foxo3a % i R 1k 7K - 1) i 4%
E R LW, THPML)GAKT K R 485 T-Foxo3alf]
W A /K F T s, 11 A AKTHIFoxo3azZK - A W, W] &
Y. Trotman®5! Wi, 78 /7 41 M 4 f i, T~ 1
PML JA B8 % 14 5 AK T % % 1k /K °F . Chatterjee
SEUONIE S, FEHEK 29340 v, 0T 1% 25 11 3 2(ca-
sein kinase 2, CK2)fiE EPMLEE [ J5 (1) B figt, A 453 4%
WAKTIH I, pFoxo3adfi 5 76 4 iy K F. FRATT Iy 5K
B g R & bad SCERRGE 42 7R, PMLTT RE 8 i 1
2 AKT/Foxo3afis ‘5 il i > 52 i Jib Jed 4 i () 164 5 5
PR AL, PMLAT GEIE ] A 43 7 ML #5 AKT
TR AL K T (I B AR W 2 YangZ5U TR GE, il 88 3K 48
F 52 AR AH 9 Al F-6(tumor necrosis factor receptor-
associated factor 6, TRAF6)/F K72 2% Helf(E3) n) LA
2 F#AEMAKTIE 5 751, 234 AK T B IR AL
/K. PMLAR A 5 E ) TRIM(tripartite motif) 2 & )
— B, HON-ui 45 00 B HAA 12 A E B R BT
FHHRINGSE M3, #2878 TPMLEE (15 Al fig LT E31%E
FERETEPES . AN, TrotmanZ5USUR B, U5 I PML
L AKTAAEA BAE T o BATTHE TR B T R i
A8 L5 40 i P PML 5 AK T2 15 77 46 A B, BA
JPMLJE 75 G805 15 W E3IE He i 1 2 AK T2 7 172
ALk R SLRE IR Ak KT

AW FAESZ, FIHPMLE I GE L HEiE 51
1 100995 40 0 B4 A4 4 189 BRI R P IR T . AKT/Foxo3a
Sl RS TR, oS R B,
FIEPMLITIS P88 & (1 195 3 e R b7 1% 2%,
X RAEAS [F] )R AR 95 284 3] PML AT g A HEAS
W E - . B S, BATEAE IR IR FE AR RS 5K
By rp HE 20 W ERPMLGH 8 & 11 1905 & A2 R R 1) 5%
M, DA A I PR 168 2R 1 L9814 A V6 97 5 s
W57 B4 LAl

B3 Hk (References)
1 Shen TH, Lin HK, Scaglioni PP, Yung TM, Pandolfi PP. The

mechanisms of PML-nuclear body formation. Mol Cell 2006;
24(3): 331-9.



810

\

WFTIRIL -

Krieghoff-Henning E, Hofmann TG. Role of nuclear bodies in
apoptosis signalling. Biochim Biophys Acta 2008; 1783(11):
2185-94.

Culjkovic B, Topisirovic I, Skrabanek L, Ruiz-Gutierrez M, Bor-
den KL. eIF4E is a central node of an RNA regulon that governs
cellular proliferation. J Cell Biol 2006; 175(3): 415-26.

Lai HK, Borden KL. The promyelocytic leukemia (PML) protein
suppresses cyclin D1 protein production by altering the nuclear
cytoplasmic distribution of cyclin D1 mRNA. Oncogene 2000;
19(13): 1623-34.

Gurrieri C, Capodieci P, Bernardi R, Scaglioni PP, Nafa K, Rush
LJ, et al. Loss of the tumor suppressor PML in human cancers of
multiple histologic origins. J Natl Cancer Inst 2004; 96(4): 269-
79.

Goddard AD, Borrow J, Freemont PS, Solomon E. Characteriza-
tion of a zinc finger gene disrupted by the t(15;17) in acute pro-
myelocytic leukemia. Science 1991; 254(5036): 1371-4.

Ito K, Bernardi R, Morotti A, Matsuoka S, Saglio G, lkeda Y, et
al. PML targeting eradicates quiescent leukaemia-initiating cells.
Nature 2008; 453(7198): 1072-8.

Jensen K, Shiels C, Freemont PS. PML protein isoforms and the
RBCC/TRIM motif. Oncogene 2001; 20(49): 7223-33.

Guo S, Cheng X, Lim JH, Liu Y, Kao HY. Control of antioxida-
tive response by the tumor suppressor protein PML through regu-
lating Nrf2 activity. Mol Biol Cell 2014; 25(16): 2485-98.

Xu Z, Chen J, Shao L, Ma W, Xu D. Promyelocytic leukemia

11

protein enhances apoptosis of gastric cancer cells through Yes-
associated protein. Tumour Biol 2015; 36(10): 8047-54.

Mu ZM, Le XF, Vallian S, Glassman AB, Chang KS. Stable
overexpression of PML alters regulation of cell cycle progression
in HeLa cells. Carcinogenesis 1997; 18(11): 2063-9.

Gao YM, Zhong L, Zhang X, Hu XX, Liu BZ. PML(NLS") in-
hibits cell apoptosis and promotes proliferation in HL-60 cells.
Int J Med Sci 2013; 10(5): 498-507.

Min YH, Eom JI, Cheong JW, Maeng HO, Kim JY, Jeung HK,
et al. Constitutive phosphorylation of Akt/PKB protein in acute
myeloid leukemia: Its significance as a prognostic variable. Leu-
kemia 2003; 17(5): 995-7.

Dansen TB, Burgering BM. Unravelling the tumor-suppressive
functions of FOXO proteins. Trends Cell Biol 2008; 18(9): 421-
9.

Trotman LC, Alimonti A, Scaglioni PP, Koutcher JA, Cordon-
Cardo C, Pandolfi PP. Identification of a tumour suppressor
network opposing nuclear Akt function. Nature 2006; 441(7092):
523-7.

Chatterjee A, Chatterjee U, Ghosh MK. Activation of protein
kinase CK2 attenuates FOXO3a functioning in a PML-dependent
manner: Implications in human prostate cancer. Cell Death Dis
2013; 4: e543.

Yang WL, Wang J, Chan CH, Lee SW, Campos AD, Lamothe B,
et al. The E3 ligase TRAF6 regulates Akt ubiquitination and acti-
vation. Science 2009; 325(5944): 1134-8.



