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Effect of Nilotinib and Imatinib on expression profile of
chronic myelocytic leukemia*

Ling-hua Jing, Song-nian Liu, Li-min Ma, Hai-ping Yang
(Department of Hematology, the First Affiliated Hospital, Henan University of Science and Technology,
Luoyang, Henan 471023, China)

Abstract: Objective To investigate the effect of Nilotinib and Imatinib on gene expression profile of chronic
myelocytic leukemia (CML) cells and clarify the molecular mechanism underlying the suppression of tyrosine
kinase inhibitors against leukemia. Methods The expression profiling dataset GSE19567 was downloaded from
the online Gene Expression Omnibus database. The BRB-ArrayTools software was applied to control quality and
identify the differentially-expressed genes (DEGs), then the GO function enrichment, KEGG pathway enrichment,
pathway relation network, and gene interaction network analyses were preformed based on these differential genes.
Results In total, 519 differential genes were screened out, of which 177 genes were up-regulated and 342 genes were
down-regulated. GO enrichment analysis revealed that DEGs were mainly involved in biological processes of small
molecule metabolism, blood coagulation, transcriptional regulation, regulation of cell proliferation and apoptosis,
and performed the molecular functions of protein binding, protein dimerization activity, sequence-specific DNA
binding and ATP binding. KEGG analysis showed that DEGs were mostly enriched in metabolic pathway, PI3K-Akt
signaling pathway, JAK-STAT signaling pathway, and HIF-1 signaling pathway. The network analyses identified the
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hub genes such as SHMT2, CBS, CTH and HK2, and core pathways including MAPK signaling pathway, cell cycle

and apoptosis. Conclusions Tyrosine kinase inhibitors affect the genes involved in metabolic and signal transduction

pathways, and the mechanism of suppression of CML cells may include cell cycle arrest and induction of apoptosis,

which provides the foundation for further developing targeted treatments for leukemia.
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202934 _at HK2 NM_000189
207106_s_at LTK NM_001135685
212816_s_at CBS NM_000071
203394 _s_at HES1 NM_005524

v—myc myelocytomatosis viral oncogene homolog
protein kinase C, beta
serine hydroxymethyltransferase 2
B-cell CLL/lymphoma 2
cyclin D2
heat shock 70kDa protein 9
hexokinase 2
leukocyte receptor tyrosine kinase
cystathionine—beta—synthase

hairy and enhancer of split 1

T WE RN IR 80 1~ GO & H
FEEPEREALSS . EO R PR
DNA 56 H1 ATP 45645 . GO &4 Hrh APyl f 2k
SR D RE 20w A K F- B ik 3 B ET 10 4> GO 4
HIWE 2. 3,

2.3 KEGG EEE&ESH

LI KEGG %48 )2 v i) Pathway A B4, 45 075 356 1
() DEGs [n] 35T 5o 3L DRI WG, 45 58 A S Caghm #
SR A . PI3K—Akt 18 % F1 Jak—STAT 18 % %5 60
A Pathway b & B4, i E 42KV i 19T 10 4
Pathway UL% 4.

- 30 -



%519 4 e, 55 - SR e AP EL R S A MR A 11 I Bk 1 (5

®2 ZREFEGOBE&ENN (£WEREXH)

0044281 AN AR 71 1.68E-25 3.47E-22
0007596 IV e 32 3.72E-15 3.85E-12
0000122 SR A M VAR 33 7.45E~15 5.14E-12
0043066 JHT B M AR 31 7.17E-14 3.71E-11
0045893 B SR IE PRI 31 1.05E~13 436F-11
0008285 20 T 1 24 2.22E-11 7.66E-09
0045892 DNA WA 2 53 7 P A 26 6.88E-11 2.03E-08
0034641 L R E AR 17 1.82E-10 4.70E-08
0006915 P 30 7.34E-10 1.38E-07
0001666 ARSI 15 1.13E-09 1.94E-07

®3 EZREECOBES (S FINEERF )

0005515 BHSEE 219 1.24E-70 7.77E-68
0042803 T R — A 37 1.17E-16 3.65E-14
0003700 FFHRESE DNA 245555 i TG 1 42 2.24E-13 4.68E-11
0005524 ATP 454 52 6.90E-12 1.08E-09
0030170 LR EEBERRER 45 & 10 1.69E-09 2.12E-07
0005344 FustiiE M 6 2.35E-08 2.45E-06
0043565 FHEESPE DNA 454 24 4.75E-08 4.24E-06
0020037 MELRESE 12 1.42E-07 1.11E=05
0046982 SR R AT 19 1.76E-07 1.22E-05
0019825 AaLsE 7 3.03E-07 1.89E-05

x4 E=REEA pathway EEDH

01100 AR 64 9.43E-24 2.01E-21
01230 IR LY G 16 2.95E-16 3.14E-14
04066 HIF-1 {5553 % 11 1.09E-07 5.94E-06
04630 Jak—STAT {5 53m #% 13 1.12E-07 5.94E-06
04151 PI3K-Akt {55538 % 18 4.20E-07 1.61E-05
00260 HaEm . 22, i 7 4.54E-07 1.61E-05
05205 i A 1 2 14 1.22E-06 3.56E-05
00860 N2 224 i 7 1.34E-06 3.56E-05
00970 ZME —RNA =5, 8 1.52E-06 3.61E-05
05202 iR SR A 12 3.44E-06 6.96E-05
2.4 EEMESHT P B R B R 2 I DL 3, (B 25 Ak, i

A% KEGG B b 8 A R Z MM VEFHSE R/l ZRFR 2 2R R SC &R BT R/ME

- 31 -



T AR R 2

5 28 &

%% betweenness {H, [l Sk, RIHZESIEHNEL
Vi 2 v i 2, R 4 v 0 A0 R TR AL 45 SHMT2
( betweenness=142 ). CBS ( betweenness=108 ). CTH
( betweenness=108 ). HK2 ( betweenness=64 ), X}t T
KEGG g P 5 5@ B A 1IE R 0 &R, A% pathway
ZE P EAERR ML E (LK 4), BAFRER,
i Sk B SRR R PIATE H Z [B BRI R . B

Pk PMM2
ADK  ak2 !
o . ¢ . ind ©HK2
RRASZ g PR ind ‘
PIK3cB, @ PCK2 @
o . [ N CEN'O1
a(p)LYN PRKCB
® = ‘ ITPR1  oqy COT!
(&) % - @
ACTG12(P) SHMT2 C.Sc @
] —C
.GA.RTC .

a: 0 1% activation; c: 18 i /F H compound; p: W o 1k
phosphorylation; ind: [E]42/E ] indirect
B3 =REREEERMESSHT

3 it
BCR-ABL J# lif§ fig 1% % fk PI3K. Ras. Jak-STAT
S IR, THLIE S D40 R RS 5E ik, Rt
MY K A= R S o AP 5728 i B2 4 S Ml 5 9 BCR-
ABL HEER LA F R ATP 25605, BHAS ATP fY
B 5 BCR-ABL 254 F1 ATP Bk, #F i @ 2540
il ABL B2 RIAR A AL TR, FE bl BCR-ABL
YU IEFE . DL P SE bR e 2R e fP SR JE Y N F 3
WRIGESENA], JF7ERIA s = 2, 15205 ok
1 ATP S PR G IS e . Je g R e e 45
GARTEAIZ Y ABL G, i P- YT E S ATP 25
A, B BCR-ABL # g 0 LIS A S ", H i
FERW, R e FE IR JE W REE A R i i/ M
fif b4 K H F (platelet—derived growth factor, PDGF )
Fl e—Kit 22 1A 1 i 2 R % . BCR-ABL J 41 il
F B f R R 28 2 M, ORI e A R e
P, DUSC IR o AR R S | S A i 24

it — R IRIEE e SR EAEIRYT CML
B BE PR TR T BEAYSE MR, ASBFFE N GEO ¥ i
N2 GSE19567 %kt , X TKIs AbHE5 CML 40 i
FIRFEIAT oM, SEifEH 519 2R, GO 1)

FKMRER degree (B, [BSHK, KHEZAIER R
R H B, M P E R E S, %0
pathway £ & MAPK {55 5 18 % ( degree=18 ). il Jit ]
T- (degree=15 ). AW (degree=14 ) FfiiJe i it
(degree=14), Horp a2 FIFIR@E R, MAPK {5
T I 2R T AR 20 L S0 A g B ) AR B

Focal adhesion
.' Regulation of actin cytoskeleton

ErbB signaling pathivay Jak-STAT signaling pathway

Cell cycle
mTOR signaling pathway
.- ) TGF-beta signaling pathway
MAPK 5|gpal|n9, pathway Apaptoss

Insulin signaling pathway :

, “ 53 signaling pathway
Pathways in cancer )

Fc epsion Rl signaling pathway
Adipocytokine signaling pathway )

PPAR signgl.ling pathway

B 4 Pathway HHEERAME S

B A1 KEGG 3 [ & 42 4017 2 B i 22 S 6 D] 32 2000 I
AN . MORCEER . B SREEE  AnieRsE S AT
WG EY R, FES5REHEE,. 2R E
A, PI3K-Akt 18 #% Il Jak—STAT il % Pathway. &
PRI A T 286 3 BT 7 32 14 A% 00 6 PR A 5 SHMT2 . CBS .
CTH. HK2, MAPK 55 . 40T A5 1A
i 9o 108 % 55 4% 0> Pathway 78 Pathway HL/E [ 4% rf % 4%
FEAEH, %5 PR % T BB S TKIs 410l (1 I
TRAERE 5 . SHMT2 JE DR G fth 22 S FR 72 P LG RS il 2,
FEMMHER G, 1S5t AR
it CBS LR ASILIREE B G, ¥ L IREE
AR, MERR . 2@ RFAERAB LR, AR
I, CBS ik /K- EAZ AN s s s 4 i
Xof BT A 1 ORI 2 DI AH G . R ik — -y — 4
CTH fAb R R A8 R e e siR, W K i SR AR
W, AR NF-« B FE SR Fid v I8 15 o i
R, HK2 fER MRS . B S0 . T2k
WUAS | SRR OB B R S R R, e
R FIL% FLT3/TD 24838 1 T2k i HK2 (1)
FEIRT A FOREE I I, (A5 P 1095 240 e g A
THEEEAR 5 D34b = AL R seag il HK2, 1 HK2

- 32 .



5519 4]

hlgee, S5 . SRR SR AT EL R e o i AL A I 1 0 2 1 R e

(3t FRaR 8D = AL A TS R A R T Y, TKs
AbFRJS CML 40 g H SHMT2 . CBS. CTH., HK2 “53EA
FIR T, SRS AR e, 5k
MAPK . Jak—-STAT {5538, PHATANMIE N, Hsedm
] F 000 200 B ) G T RS S L R AR PR T

B2, TKIs #&20 CML 4 f AR gt i A s 5 7 =
TR ARDCIE A, I T MAPK GBS . 4 A RE
i1 7oas oL s e o i it | N S 1 RS S A = N 11 b5
TR AT R EEAL, X B AT & Y BCR-ABL
b P KR e e S (ST s o

2 £ X #:

[1] QUINTAS-CARDAMA A, KANTARJIAN H, CORTES J. Flying
under the radar: the new wave of BCR-ABL inhibitors[J]. Nat Rev
Drug Discov, 2007, 6(10): 834-848.

[2] AEd . JTIEAR 8R40I 1 L ber/abl @A LR T3151 5%
AR RGN K WL TR1IEYT [J]. R EE2E | 2013, 42(30): 3700-3702.

[3] OHANIAN M, CORTES J, KANTARIJIAN H, et al. Tyrosine
kinase inhibitors in acute and chronic leukemias[J]. Expert Opin
Pharmacother, 2012, 13(7): 927-938.

[4] KIM S H, MENON H, JOOTAR S, et al. Efficacy and safety of
radotinib in chronic phase chronic myeloid leukemia patients
with resistance or intolerance to BCR-ABLI tyrosine kinase
inhibitors[J]. Haematologica, 2014, 99(7): 1191-1196.

[5] SCHe, 2008, BIGKIE . Je IR JEIRYT I 24 AN it 3248 P 40
HEL s B I PREEDSRITSE (J]. Th AR BE 2A2035 , 2013, 23(27):
97-100.

[6] ZHUANG Q, MAO W, XU P, et al. Identification of differential

genes expression profiles and pathways of bone marrow
mesenchymal stem cells of adolescent idiopathic scoliosis patients
by microarray and Integrated gene network analysis[J]. Spine,
2016, 41(10): 840-855.

[7] ZE3% . TRl . BCR-ABL S G AR A HE I (0] v 8L
R HZF |, 2016, 33(7): 954-962.

[8] KADIVAR A, KAMALIDEHGHAN B, AKBARI J H, et al.
Antiproliferation effect of imatinib mesylate on MCF7, T-47D
tumorigenic and MCF 10A nontumorigenic breast cell lines via
PDGFR-B, PDGF-BB, c-Kit and SCF genes[J]. Drug Des Devel
Ther, 2017, 11: 469-481.

[9] LLAMAS-VELASCO M, STEEGMANN J L, CARRASCOSA
R, et al. Perforating folliculitis in a patient treated with nilotinib:
a further evidence of C-kit involvement[J]. Am J Dermatopathol,
2014, 36(7): 592-593.

[10] GEY, JENSEN T L, MATHERLY L H, et al. Transcriptional
regulation of the cystathionine-beta -synthase gene in down

syndrome and non-down syndrome megakaryocytic leukemia cell
lines[J]. Blood, 2003, 101(4): 1551-1557.

[11] JU H Q, ZHAN G, HUANG A, et al. ITD mutation in FLT3
tyrosine kinase promotes warburg effect and renders therapeutic
sensitivity to glycolytic inhibition[J]. Leukemia, 2017, 31(10):
2143-2150.

[12] XIA H G, NAJAFOV A, GENG J, et al. Degradation of HK2 by
chaperone-mediated autophagy promotes metabolic catastrophe
and cell death[J]. J Cell Biol, 2015, 210(5): 705-716.

[13] ZHANG H N, YANG L, LING J Y, et al. Systematic identification
of arsenic-binding proteins reveals that hexokinase-2 is inhibited
by arsenic[J]. Proc Natl Acad Sci USA, 2015, 112(49): 15084-
15089.

CikFE gd)



