Y@ RP RS oy

368 Journal of China Pharmaceutical University 2014 ,45(3) :368 —372

infr RO E R 25 ry 18 M A28 B B I 7w B #T Y & AKX SP2
B EAERHLH

AR FINS BRE

R E 2 RR AR fir B er S HOR £ B, B At 210009 )

 E EMEEG EHEMS I COGI33 LA 4t SET R At & Mo ¥ & & B8 85 2A (PP2A) Bk, TG 77 L4%
T3I5T REFHG A BT A MG ik, KFRERKE G EAEM % 5k COGI33 ey al L3+ T 9 £4749 % Bttt 4y
TEMRL AZH] 1 £E W 24T COGI33 ¢4 % ik SP2, SP2 st BaF3-p210( T3151) 4a 45 A 72 h 44 1C,, 4 (2.9 0. 1)
pmol/L, % COGI33[1Cy:(26.5 £1.2) pmol/L] &+ 52—, EAFAIH Zi@id 4% SET & & 4% & 40 i PP2A %M 4% p-
BCR-ABL1 X#FBR AL Mo R 45 B 4 LB =,

KR BHEMILG hE;T3151 £ % &t 25, SET/PP2A; &5 & G E A % ik

hESFES Q78;R965  XERER A XEHES 1000 -5048(2014)03 - 0368 - 05

doi: 10. 11665/j. issn. 1000 — 5048. 20140321

A novel peptide and its mechanism overcoming imatinib-resistance chronic

myeloid leukemia
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Abstract COG133, a peptide inhibitor of SET, can enhance PP2A activity to treat imatinib-resistant CML by
T3151 mutation. Based on this fact, a peptide designated as SP2 showed the best anti-tumor activity among nine
newly-designed Apolipoprotein E-mimetic peptides compared to COG133. The IC, of SP2 against BaF3-p-210
(T3151) cells was (2.9 +0. 1) pmol/L at 72 h, 10% of that of COG133 (26.5 +1. 2 umol/L). Further studies
indicated that SP2 antagonizes SET protein to increase the activity of PP2A, thereby dephosphorylating p-BCR-
ABL to induce cell apoptosis.
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Table 1 Sequences of peptides and their ICs; to K562 and BaF3-p210 (WT,T3151) cell lines (72 h)

IC5y/ ( umol/L)
Name Sequence
K562 BaF3-p210( WT) p210(T3151)

COG133 Ac-LRVRLAS H L R KL RK RLL-NH, 24.7+1.6 21.3+2.0 26.5+1.2
Sp2 Ac-LRVRLAS V LRKL V KRLL-NH, 2.2+0.0 2.4+0.2 2.9+0.1
SP3 Ac-LRVRLASHLR k LRKRLL-NH, 18.4 0.8 18.0+1.1 N. D.
SP4 Ac-LRVRLASHLRKLR k RLL-NH, 24.5+£3.8 20.8 0.4 N.D
SP5 Ac-LRVRLASHLR k LR k RLL-NH, 24.1+1.0 20.0+1.0 N. D
SP6 Ac-LRVRLASHL r KLRKRLL-NH, 22.8+0.9 19.2 £0.8 N. D
SP7 Ac-LRVRLASHLRKL r KRLL-NH, 24.6 1.1 22.0+2.0 N. D
SP8 Ac-LRVRLASHL r KL r KRLL-NH, 24.5+0.9 23.1+2.2 N.D
SP9 Ac-ASHLR k LVKRLL-NH, 19.0+3.0 24.4+1.0 N.D
SP10 Ac-ASHLRKLV k RLL-NH, 17.3+£0.6 17.3 £2.9 N.D
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EControl; BOA (5 nmol/L); ECOG133 (10 umol/L); MCOG133 (20 pmol/L);
BACOG133 (10 umol/L)+OA (5 nmol/L); N COG133 (20 pmol/L)+OA (5 nmol/L);
ESP2 (1 umol/L); ESP2 (2 pmol/L); N SP2 (1 umol/L)+OA (5 nmol/L);
A SP2 (2 pmol/L)+OA (5 nmol/L)

Figure 1  COGI33 and SP2 elevate the protein phosphatase 2A
(PP2A) activity of BaF3-p210( T3151) cells treated for 24 h

*P <0.05 vs control group;* P < 0.05, monotherapy ( COGI33 or
SP2) vs combination( peptides + OA)
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PP2A 75 14
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Figure 2 Effects of COG133 and SP2 on the expression of p-BCR-
ABLI,BCR-ABL,SET (12PP2A) ,PP2A-C, p-PP2A-C(Y307) in BaF3-
p210 (T3151)
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Figure 3 COGI133 and SP2 induces apoptosis of BaF3-p210(T3151) cells treated for 24 h (x +s,n =3)

*P<0.05," " P<0.01 vs control group

4 it it

fii#E B ApoE (1) LDL SZ AR 455 &5 (5 133 ~
149 {2 31K ) M Z Ik COG133 HA I 2 i o jsk e
kg2 R R A -PLE R 5 SET 85 H
SE4 T3R5 PP2A 54 T R HE/E . A X
BRARAE ™ 7E COG133 5| AR R AR & HL -2 Ht
ST RIS A9 COGL410 1y o B2 B
B, HAARNSMUER Y DI RRE: COG133 5 B 4k
o TESCHRIIE & T, AWK COG133 (1) 140 fif
2 a R (H) F 145 7Rk 22 (R) [ B 28748
SEIES T BRESH 143 AR K AR S SL R -4 TR
(V)53 T COG133 Myl £ ik SP2, & SP2 —.

A o BRE T AL COGI33 A B B 42 &
Bk 2 ) I A B COGI33 A L, HoAit i
RGP R T, HLRE R IR R A PP2A
T PR ELIX R R T RE B OA Pirfidt. 45 R UL
SP2 HLiR A VEHIHLH 5 COGL33 MIfF] . #E—28
i I E BN B ORI T SP2 X Bak3-p210
(T3151) 4il g F p-BCR-ABL1 %5 2K 4 3 ik 19 3
Wi, % B SP2 HEFEAIL p-BCR-ABLL {33k , [ i A
2 PP2A-C .p-PP2A-C(Y307) SET %545 [ i) £
5, Ul SP2 2l T4 SET/PP2A 2 (8] (i A 1.
YERIR R R PP2A I PR, 5 FTY720 25 Frif i
PP2A Sl 55 A ML ARl 3 PP2A Ry
PedEANME I TR T, R R AR ST AN T SP2 X



372 Y@ g# RS o

Journal of China Pharmaceutical University

545 %

BalF3-p210 (T3151) 40 & T F 5200, & B SP2 1
SERE AR E A M T, i L 3 B (R 2 g 5 O
T TR 240 L 300 O T B R AR T R A R
— BT

AWFFEE N COG133 By My Ak 5 3145
PR R4 2 2L 2 ik SP2, HA ] T3151 2748
FEY imatinb Tif 25 CML 2 i i 45 AL 2 38 2
bt SET, £& & 4 e PP2A 1 % #F 1fii fff p-BCR-
ABLl Kb 4 BT, BT B H%
VE P B4 5 R 2 BCR-ABLL, if LI P BCR-ABLI %8
ﬁrE‘rﬁlE’JEﬁ imatinb i 2 CML 4 i %} & 4K SR B
&, [FIEHLIEW] SET/PP2A 38 #& AT LAAE Ry — 4> %
Pt imatinb M 25 PP MERTRE S . T — 2P AW
Xf SP2 [ BT IR 1 A T RIS, I X A A
— AL (TERAZ B [R5 | D RUZHERR , 42 &
RIFRE M) , G IORAR — A HA I R N FH i)
Hywag T3151 2878 3 301 lmatlnb i 25 i) CML i
2K,
%P EE AR AR AT R AR R A A G
AR AR A BaF3-p210 (WT, T3151) % 4 ftk

2 £ X #

[1] Deininger M, Buchdunger E, Druker BJ, et al. The development of
imatinib as a therapeutic agent for chronic myeloid leukemia[ J].
Blood ,2005,105(7) :2 640 -2 653.

[2] Buchdunger E,Matter A, Druker BJ, et al. Ber-Abl inhibition as a
modality of CML therapeutics [ J ]. BiochimBiophys Acta, 2001,
1551(1) .1 -11.

[3] Sawyers CL, Hochhaus A, Feldman E, et al. Imatinib induces
hematologic and cytogenetic responses in patients with chronic
myelogenous leukemia in myeloid blast crisis : results of a phase 11
study[ J]. Blood ,2002,99(10) :3 530 -3 539.

[4] Ottmann OG,Druker BJ,Sawyers CL,et al. A phase 2 study of
imatinib in patients with relapsed or refractory Philadelphia chro-
mosome-positive acute lymphoid leukemia[ J . Blood 2002 ,100
(6):1965-10971.

[5] Gorre ME, Mohammed M, Ellwood K, et al. Clinical resistance to
STI-571 cancer therapy caused by BCR-ABL gene mutation or
amplification[ J ] . Science ,2001,293(5531) ;876 —880.

[6] Shah NP, Tran C,Lee FY,et al. Overriding imatinib resistance
with a novel ABL kinase inhibitor [ J ]. 2004, 305
(5 682) :399 -401.

[7] Weisherg E, Manley PW, Breitenstein W, et al. Characterization

Science ,

of AMN107, a selective inhibitor of native and mutant Ber-Abl
[J]. Cancer cell ,2005,7(2) :129 - 141.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Cortes JE, Kantarjian H, Shah NP, et al. Ponatinib in refractory
Philadelphia chromosome-positive leukemias[ J]. N Engl J Med ,
2012,367(22) .2 075 -2 088.

Khorashad JS, Kelley TW, Szankasi P, et al. BCR-ABL1 com-
pound mutations in tyrosine kinase inhibitor-resistant CML:
frequency and clonal relationship[ J]. Blood ,2013,121(3) :489
—-498.

Perrotti D, Neviani P. Resetting PP2A tumour suppressor activity
in blast crisis and imatinib-resistant chronic myelogenous leuke-
mia[ J]. Br J Cancer,2006,95(7) :775 —-781.

Neviani P, Santhanam R, Trotta R, et al. The tumor suppressor
PP2A is functionally inactivated in blast crisis CML through the
inhibitory activity of the BCR/ABL-regulated SET protein[ J].
Cancer cell ,2005 ,8(5) :355 —368.

Christensen DJ, Chen Y, Oddo J,et al. SET oncoprotein overex-
pression in B-cell chronic lymphocytic leukemia and non-
Hodgkin lymphoma:a predictor of aggressive disease and a new
treatment target[ J ] . Blood ,2011 ,118(15) :4 150 -4 158.

Yang Y,Huang Q,Lu Y ,er al. Reactivating PP2A by FTY720 as
a novel therapy for AML with C-KIT tyrosine kinase domain
mutation[ J . J Cell Biochem,2012,113(4) .1 314 -1 322.
Saddoughi SA, Gencer S, Peterson YK, et al. Sphingosine ana-
logue drug FTY720 targets 2PP2A/SET and mediates lung
tumour suppression via activation of PP2A-RIPKI-dependent
necroptosis[ J]. EMBO Mol Med ,2013,5(1) :105 —121.
Cristobal I, Garcia-Orti L, Cirauqui C,et al. PP2A impaired activi-
ty is a common event in acute myeloid leukemia and its activation
by forskolin has a potent anti-leukemic effect [ J]. Leukemia,
2011,25(4) :606 -614.
Mukhopadhyay A, Saddoughil SA,Song P, et al. Direct interaction
between the inhibitor 2 and ceramid via sphingolipid-protein
binding is involved in the regulation of protein phosphatase 2A
activity and signaling[ J]. FASEB J,2009,23(3) ;755 -763.
Christensen DJ, Ohkubo N, Oddo J, et al. Apolipoprotein E and
peptide mimetics modulate inflammation by binding the SET pro-
tein and activating protein phosphatase 2A [ J]. J Immunol,
2011,186(4) :2 535 -2 542.

Switzer CH, Cheng RY, Vitek TM, et al. Targeting SET/I12PP2A
oncoprotein functions as a multi-pathway strategy for cancer ther-
apy[J]. Oncogene,2011,30(22) :2 504 -2 513.

Switzer CH, Cheng RY, Vitek TM , et al. Antagonism of SET using
OP449 enhances the efficacy of tyrosine kinase inhibitors and
overcomes drug resistance in myeloid leukemia[ J]. Clin Cancer
Res,2014,20(8) :2 092 -2 103.

Tukhovskaya EA, Yukin AY, Khokhlova ON, et al. COG1410, a
novel apolipoprotein-E mimetic, improves functional and morpho-
logical recovery in a rat model of focal brain ischemia[J]. J

Neurosci Res 2009 ,87(3) :677 —682.





