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Synergistic role of JAK/STATS5 and PI3K/AKT signaling
pathways in regulating elF4B in acute leukemia
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Abstract: Human acute leukemia (AL) is a clonal malignancy with abnormal hematopoietic stem cells. Clinically, AL is
very difficult to cure due to its sudden onset and short course of disease progression. Previous studies have shown that
eukaryotic initiation factor 4B (elF4B) plays a critical role in the development of chronic leukemia. However, the involvement
of elF4B in human acute leukemia is still largely unknown. Therefore, we studied elF4B function and its regulatory
mechanism in human acute leukemia. We found that phosphorylation levels of elF4B in acute leukemia cells were
significantly reduced in response to treatment with either LY294002 (PI3K inhibitor), AKTi (AKT inhibitor) or SMI-4A (Pim
inhibitor). Co-treatment with inhibitors targeting JAK/STATS5/Pim and PISK/AKT/mTOR signaling dramatically promoted
apoptosis of acute leukemia cells by downregulating elF4B phosphorylation. Furthermore, in vitro and in vivo functional
experiments showed that elF4B played an important anti-apoptosis role in the acute leukemia cells by regulating the
expression of anti-apoptotic proteins Bcl-2 and Bcl-XL. In contrast, silencing elF4B inhibited the growth of acute leukemia
cells as engrafted tumors in nude mice. Taken together, our results indicate the synergistic role of JAK/STAT5/Pim and
PIBK/AKT/mTOR signaling pathways in regulating elF4B phosphorylation in acute leukemia, and highlight elF4B as a
candidate therapeutic target for treatment of acute leukemia.
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Table 1 Primer sequences
Primer name Sequence (5'-3')

elF4B-F GCACCTATGTCCCCAAACCA
elF4B-R GAAGACGGCTCCGGTCAATA
Bcl-2-F GGTGGTGGAGGAGCTCTTCA
Bcl-2-R CAGCCAGGAGAAATCAAACAGA
Bcl-XL-F TCCCCATGGCAGCAGTAAAG
Bel-XL-R CTCACCAATACCTGCATCTCCTT
GAPDH-F GAAGGTGAAGGTCGGAGTC
GAPDH-R GAAGATGGTGATGGGATTTC

. cjb@im.ac.cn



2416 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

124 BREBUBZEE

W AE 20 3T 150 pL #id i PBS &5 i
B 1.5 mL EP 4 ; RIS T RR B T
TS AT RGN BREA T 16 (AR 5 S s AG A )
9o A 0 I F) 3 D AT BRI SR 25 AR

2 HER5AW

21 SMBELFMMEP elF4B BIHER L Z
JAK/STATS/Pim #1 PISK/AKT/mMTOR ® 15
SBEMIAT

FATHE AT IR 5T o & AR ber-abl 5 LR 75 5
P8 M 4 MY 11 197 (Chronic myeloid leukemia,
CML) ', elF4B %] JAK/STAT5/Pim FI PI3K/
AKT/MTOR P 4 {5 5 i i i 2t w3 45 10, g i
P L R IS AR LRI AN R, FRATTARR
FEAE AL I 20 elFAB 2 75152 3 1 3k Ahif
o\ RTRATH PIBK #14iI54) LY294002 . AKT #jiil
FI AKTi LA Pim #1157 SMI-4A 43 5iI4E 38 Sup-B15
A, WCBOR RIS ]S AN R RS, B Western
blotting ¥l elF4AB @bk, il Imagel
A4XF Western blotting 25 H7 HE4 TR BE(E 0 H o 5L
ERFH], M AIAEHIEIR 5B Sup-B15 4k
5, W% JAKISTATS/Pim 5% PI3K/AKT/mTOR
SE W PR LT, elF4B MYBEIR ALK KA T B
WREAR (B 1A-F). {7 AR [F] A 45 5 38 2% 00 i 550
AbFE THP-1 4i 1), elF4B MBI bt & 2k T R
(B11G-L), A FA5REH] e Stk s 2t Hh elFAB
HIBERR L2 3] JAK/STATS/Pim FI PIBK/AKT/mTOR
WA A T B T
2.2 JAK/STAT5/Pim #1 PIBK/AKT/mTOR %
KiESBEAGFEESHMEET

FREERR, fEANE A MR elF4B BEfk
%% 7 JAK/STATS/Pim il PI3K/AKT/mTOR 1 4415
SAEEEEIENT . A4, S A 4 A
S AR T ok, EATH SMI-4A F
LY294002 [a]if4b 7 Sup-B15 4iififl, SR H elF4B

http://journals.im.ac.cn/cjbcn

FIBEIRIL KR, 25BN, 55l F— 3 il 751
FHEL, 299006 RIS B i 2 M AIK el FAB (1R
1k (E 2A). BESRAE STk L[] isf BELIT 6 2545 5
T IR RENE B A SO IRAIG eIF4B AYTE Y, TMAER) SCH
AT EF] elF4B BEIR LK P B AR L S IH T .
A LALLM b, SRR AT R vk 5
KB ARERORYE? TR, RO R E R
SMI-4A 5 LY294002 #HH 204, PR 4 G 10
TRA 250 FE Sup-B15 il 48 h, SR 5Kl 4 i Y
TG0, WE 2B Fron, S (il R o e vk
10 pmol/L SMI-4A kb3 Sup-B15 4l 48 h & , 1A
27 65% 1Y A EAFTE s M P ds = MR 20 pumol/L
LY294002 4hFEANJI 48 h J5, A% 80%HAY £ i)
SRAETE s 24fd 10 pmol/L SMI-4A 5 20 pmol/L
LY294002 £H-454b 3 Sup-B15 4Hfif1 48 h &, HFEZy
19%I ANREAENG o FLAhk B A2 At B, 2k
FREMS S o BB AR T A AR TR A
S o) B 3K 5 Sy A IR R P R R A R IR —F
W)y =0 . AT %l 89 25 9 B [8) 43 B 3K 14
CompuSyn HfftBeix — i) 5B 2C FiR,
B P AR — Ry ik AL G, B AR FR XS
Y AGRCR (Fractional effect), “172é7~ 100%
FIANEAR 2 A TIRT . SR FR IR A A1
rE$E%% (Combination index), PA“1” M HFR, KT
1 FORBRIZIREDT, T 1 FORPIR 25 L BE nsk
R, NT L RIRAY R PFERCR, B8R 0 PR
W, WNEHRTLIE W, A 2 a Gk B
DI N iR W7 i e o S AVE AL =}
(Idelalisib) F1€- 2 ¥ )¢ (Ruxolitinib) & i JL A i
IR_EIRYT LRI 2y, 4 illie: PISK il JAK2 1
RN X R T 25T B Sup-B15
TATFEFELBLT elF4B BYBEER AL KK Ho B i A
— PRI RS oy 2. (B 2D). T4 R
CompuSyn FA453Ar-t [RIAE 7R 245 17 E FH A9 A3 R T
fE (K 2E-F). 5 ERTiR, [AIEHTH] JAK/STATS/Pim
Fl PIBK/AKT/MTOR P 4515518 I RE % U Rl A2 1 2
PE I A R T



o= Z/attammmIEYg JAK/STATS Fl PISK/AKT {S2@3 eIF4B AathRiFE/ER 2417

A Sup-B15 B Sup-B15 ¢ Sup-B15
LY294002(h) O 4 8 AKTi(h) 0 4 8 SMI-4A(h) 0 4 8
P-cIF4B P-cIF4B P-cIF4B
D E F
% * % *
3 1.0 ks 1.0 E 1.0
Jan] m aa]
53 Bk 53
° 3 o3 ° 3
ET05f EJF 05+ £ 05+
U oy U L
=S Z ©° Z ©
Q ] Q
e 00 e 0.0 2 0.0
0h 4h 8h 0h 4 h 8h Oh 4h 8h
LY 10 pmol/L AKTi 5 pmol/L SMI-4A 7.5 pmol/L
. THP-1 H THP-1 ! THP-1
LY294002(h) 0 4 8 AKTi(h)y 0 4 8 SMI-4A(h) 0 4 8
N TN ——— N ———
] . K . L
a s 3 o — o —
% 1.0+ E | 0 —- 5 1.0F
=m e =m
52 £z 5z
° 5 c = 5 =
27050 & 05k S
2% 23 23
L Q L
I~ . 2 0.0 e .
0.0 0Oh 4h 8h Oh 4h 8h 00 Oh 4h 8h
LY 10 pmol/L AKTi 5 umol/L SMI-4A 7.5 umol/L

1

S e s elF4B BIHEES L5 JAK/STATS/Pim #1 PISK/AKT/MTOR B &iES @B aiEY

Fig. 1 Phosphorylation of elF4B in acute leukemia cells is regulated by the JAK/STAT5/Pim and PISBK/AKT/mTOR

pathways. (A-C) Sup-B15 was treated with LY294002,

AKTi and SMI-4A, respectively, and protein samples were

collected after 0, 4 and 8 h, the phosphorylation of elF4B was examined by Western blotting. (D-F) Immunoblots were
analyzed by ImageJ software (n=3; X zs; *: P<0.05). (G-1) THP-1 was treated with LY294002, AKTi and SMI-4A,
respectively, and protein samples were collected after 0, 4 and 8 h, the phosphorylation of elF4B was examined by
Western blotting. (J-L) ImageJ software was also used to analyze immunoblots (n=3; X %s; *: P<0.05; **: P<0.01).
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Fig. 2 The JAK/STAT5/Pim and PISBK/AKT/mTOR signaling pathway inhibitors co-induced apoptosis in acute leukemia
cells. (A) The phosphorylation of elF4B was examined after treatment with LY294002 and SMI-4A by Western blotting
in Sup-B15 cells. (B) Sup-B15 cells were treated with different concentrations of SMI-4A combined with LY294002 and
cell apoptosis was examined after 48 h treatment (n=3; X s; *: P<0.05). (C) Analysis by CompuSyn software showed
that all LY294002 and SMI-4A combination concentrations induced cell apoptosis in a synergistic manner. (D) The
protein expression level of elF4B was examined after Sup-B15 treatment with lIdelalisib and Ruxolitinib by Western
blotting. (E) Sup-B15 cells were treated with different concentrations of Idelalisib combined with Ruxolitinib and cell
apoptosis was examined after 48 h treatment (n=3; X %s; *: P<0.05). (F) Analysis by CompuSyn software showed that
all Idelalisib and Ruxolitinib combination concentrations induced cell apoptosis in a synergistic manner.
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Fig. 3 elF4B plays an anti-apoptotic role in acute
leukemia cells. (A-B) Control and elF4B knockdown
Sup-B15 cell lines were generated, cell viability was
examined after 25 mmol/L etoposide treatment for 24 h
(n=3; X4gs; *: P<0.05; **: P<0.01). (C-D) Control and
elF4B knockdown THP-1 cell lines were generated. Cell
viability was examined after 25 mmol/L etoposide
treatment for 24 h (n=3; X %s; *: P<0.05).
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Fig. 4

ARk elFAB BEBHI Gl 2B B MAEERR K THMBEK

elF4B knockdown inhibited tumor growth of acute leukemia cells in nude mice. (A-B) Nude mice were

subcutaneously injected with control and elF4B knockdown cell lines, tumor growth was measured by bioluminescent
imaging, and then excised and quantified. Shown were representative images from at least three independent
experiments with the similar result. (C) The length and width of the lumps are then measured and the size of the lumps is
calculated (n=3; X zs; **: P<0.01). (D) The expression of Bcl-2 and Bcl-XL were detected using Western blotting in
control and elF4B knockdown cells. (E) The mRNA expression of Bcl-2 and Bcl-XL was detected by RT-PCR in control

cells and elF4B knockdown cells.

AR LM, elF4B BYRIXFIGILTEIR Z M
AP LT . BN, ZESREE K B 4
MUkt (Diffuse large B-cell lymphoma, DLBCL)
i AR, B IR elF4B @ i i i mRNA
() B 1% 580 ERCC5 FI DAXX & A b, i
ERCC5 I DAXX 58 ik 5 & WUE S ARAF
I R R 5 PO e LR AL 3 A B MAPK
K PI3K {553 #% , # i LA i S6K B2 1k eIF4B,
e Z5E CIP2A (Cancerous inhibitor of PP2A) 11
Fik, T CIP2A AT AT R 40 i o pesk 1 e 270 o

BRI, AL elFAB S5l G2/M

JEHIHERR , I T A0 A . e A g R
KBEIESiAS RNA ( Long noncoding RNA, LncRNA)
W] IS 5 elFAB T & AN T RE, i
4, LncRNA-GMAN i iz fHI§r PPP2R2A (Protein

http://journals.im.ac.cn/cjbcn

phosphatase 2A subunit B) 45 elF4B Wz &

elF4B L BEMR AL R 7 Serd22 i/ s B R
Al DT ) 20 L T R PR 1 e 200, i
b, miR-216a ifid HHEHLI] elFAB MifE M EBER
AN s P A Y AR, BT R B
elF4B [k T Ser406 #l Serd22 {ii S Bl AL AL, A
TR, H Ser504 43 st AT LABE iR 1k
A 2 IO MG A IR LA 2 T R B
TEMZITH, 24 FMR1 (Fragile X mental retardation 1)
5UTR &4 748, fii o] g8 i ;L RAN B %
(Repeat-associated non-AUG-initiated translation), 7
B 2RI B RY LA, T elF4B 1Ry ELA% B
PR AR PR XX Bl (] - A R e A AR
e, HATC 2, #id 90% A CML #BiE
M Ber-Abl B E HIE S AL, EARRZ I



o= Z/attammmIEYg JAK/STATS Fl PISK/AKT {S2@3 eIF4B AathRiFE/ER 2421

PR PG PERY Ber-Abl 95 8 11 X T DLk — 496 1k
elF4B , M\ T 3 ik 68 40 ML Bt 0/ T-6e 1, A B
Ber-Abl A G540 & A B AR R,
TE AML 1 elF4B fit & #5045 I B ILAIL ] i AR
A A A BRI , 7 Ber-Abl BH Y MV4-11
S PP mAs gl H, FLT3-ITD (FLT3 tyrosine
kinase domain) Jifi i MEK/ERK F1 PDK1 i@ B& 184
RSK1, #i%fkiy RSK1 — )5 il LI elF4B Hy
Serd22 {vi S KB ERAL, 5 — )y TH AT UGS
Pim [ B3 [ 1 FH 5 elF4B Serd06 iz 5 i iR 1k,
3R MVA-11 40 0 f) 38 58 A 77 35 0 e AR RS o
AT & B elF4B A 2k B I e Al B 52
JAK/STAT5/Pim F1 PISK/AKT/mTOR M 415 518
B0 U R R, R S T T8 T Bel-2
F1 Bel-XL (1) B & FEA 240 HeL R T i D g A2
HET MR R R R . XS R BN R elF4B 11
et it T EE S o U] Ak e Yk
o L ER B AL Bk 22 A0

AR PREUA A VF 2 07 HEAF IR ADESE, B,
Al DL 3 sShRNA A5 1 T4 %2 5 5 CRISPR-Cas9
RS S E PIBK, AKT A1 Pim, LIBHIKT
JAK/STATS/Pim #il PISK/AKT/mTOR 15 53 %,
PE— 25 B TIE X 4515 5 10 X el FAB. 119 B3 [R] A 42
YER . R, FIHME S 2 mifil 5l shRNA T4t
FRIBFARKE RN G — 5 F 5w, BN —5%
{55 MK elF4B fE B P 28k, JFahG
S I TR SN 7 =S = I RS O
JAK/STATS/Pim #il PIBK/AKT/mTOR {5 538 J& *f
elF4B Ph[E A FHLEE . oAb, AT
FH elF4B JEIN R R /N, 8 o B ey /B
MR AIS3T) i) eI FAB 75 g oo B v i 4
P o WA St B i e N b R AR A, A ) 3
elF4B FRIESIHR L, FH45 61 IRE ok &
4T elF4B 5 Sk I & AE & e R T 22 (8]
MIEFR, DUEAIGIR FIayr 2ok m s 42 Ak s
55,

% : 010-64807509
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