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[ Abstract ] Background and objective Cancer stem cells (CSCs) are responsible for multi-drug resistance in tu-
mors. CD133 is a known biomarker of CSCs. The aim of this study is to screen for drug-resistant differentially expressed genes in
CD133" and CD133 lung cancer cells and to identify novel lung tumor drug-resistant genes. Methods Magnetic activated cell
sorting was used to isolate CD133" and CD133’ cells from human lung cancer cell line A549, and drug-resistant microarray was
used to detect drug-resistant genes in the these cells. RT-qPCR was used to examine the expression of six lung tumor drug-resistant
genes in pre- and post-chemotherapeutic A549 cells. Results A total of 31 differentially expressed genes were screened by microar-
ray analysis. Of these genes, 30 were upregulated and one was downregulated in CD133" cells compared with CD133" cells. Re-
sults were verified by RT-qPCR. CYP2C19, CYP2D6, CYP2E1, GSK3a, PPARa, and PPARB/§ were significantly upregulated after
the A549 cells were treated with 1.97 ug/mL DDP or 0.61 pg/mL doxorubicin for 48 h. Conclusion The drug resistance of lung
adenosarcoma may be correlated with 31 differentially expressed genes screened by drug-resistant microarray. CYP2C19, CYP2D6,
CYP2EI, GSK3a, PPARa, and PPARB/S might be novel lung adenosarcoma drug-resistant genes.
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it s S N2 T S RN BB T 58 3 8 A6 1) 0 A i
o ALFZIYIRYT IR EERIGRIT TBoZ—, {H i 241 i
R 245 20" E B 0 1T IR 250 R T ROR o Tl g 40
LTS 245 2 22 B IR St R AR R [/ T 25 51, -4 2R
1 (P-glycoprotein, P-gp) . Z Zjiif Z5AH ¢ & 1 (mutidrug
resistance protein, MRP) | FLIRIE 25 1 (breast cancer
resistance protein, BCRP) FIffilifif 254 ¢ & H (lung
resistance-related protein, LRP) 25 3L R F23K, Hhidh 44
BEIL, 29D H K- S-FE AL A 2 LM C Ry B, Jo4h, A ik
DN A SRR ] 240 0] 1 74 e PR R 03 DA i S i B
AT AL AT S B 2 2 TR 251 e A e 98 T 2 R4 5
ANRE FH C R i 245 BE DR ) 2R 8 S R, b i 0% BB A i
ZYRASCHEDN . HAT, FEINAMITSE R T e 24 5 DR i) i i
ZHFEYIE . 22 5 0 R PCRANHRITY i 2442 25 H ARt
VTR S AR 20 AR RIS 245 0 A e 1 B PR i A T, 5
22 AR LA L e 200 i BB AT TX g i 24 )
HLHI A TV 28R, T e 1 20 B 32 0 e 8 i
TR T 294 AR ABETE AR T A 7 ARl
CDI33ME bR, FI P RE /3 2 PRI H AR e S
RO 1 5 AR 2835 57 i C D133 R CD13 3 i s 4 L 174 e 9 Tif
PRI ARG, O et 22 SRR, S5 A ISR,
R IT FE T 25 AR DG BE ], Ay IR s 24 ) A 5 S ARk S
A

1 #RE7%E

L1 Al AS49AIMIIE FRAE 5 10% 5 A= A I 1 1640
SE R FR Ak (EEGibeo A H]) WY, TUETES%CO, ., 37 °CifY
F B R R

1.2 CD133 HICD133 fifi a4 AY /3 WA X Ei A=K Iy
ASA9ZHISx 1074, #5005 H AL F300 pLZZ M (2%fIR2F 1
% . 2 mmol/L EDTA, 0.01% PBS) , FH&K NI A 100 uL FCR
BEL# 75 £z 100 uL CD133 M ¥k ({4 Miltenyi Biotec/y
H) , SR G4 "CREALIF F30 min, SEINZE MG .
B HAR R AR IR A O AR 53 AR IMSS
FRPE S BEAE T, R g AR, DA AR R 22 i ik
PP IERE (VR TR CDI33 i) o FREIAZE R
A0 uLEZ ik, % FAr A BCE AT, P4
FEES, WA I M S CD133 4 fifd . B LD B o3 HEAT 23
TERENE 48 |, BEMS oy 1E R FRISCAR A it i I ALLD 43
TEREH, SE 2 R R, WA B CD133 i

1.3 CD133"FICD133 Jifi i 21t 22 57 J5E DR A J5E D10 i 1

MS Gy B4/ A5 CD133 "4l ifd & LDAE 43 #£ 3145 CD133 4
i, ANgRFR, HiEEOUIEM ML, 5x10°-10x10°4f il
JMAL mL TRIzolif{ 5fl| (Invitrogen/A+]) . #EHURNAFH
RNeasy® MinElate™#fifk iz 5] & (Qiagen/&ﬁj ) 4lifk,
TR S R ASOR: I 2k S5 A RINCA ) e 8 e 4l B 308 4 7 3 g
WEE LYK . cDNASG I FZRT-PCR Array First Strand Kit
(£[EISABiosciences/AH] ) FYBERAF5E L. A MUE HIcDNA
ﬁﬂ/\SuperArrayﬂJﬁE%fﬁ?H‘RTZ Profiler™ PCR Array
Human Cancer Drug Resistance & Metabolism (PAHS-
004A, F[ESABiosciences/A 1] ) 11, ¢ GEHPCRIYY™
o BRI TR FIAACOT B, BE TR B P Y B
M EEHEAYACE, ACt="F-II{ECt- F LRI ECe. SR
JE 2 APCR Array (B ) thaE D25 HER I AACE,
AACt=ACt (CD133"4i}fi4] ) - ACt (CDI33 4i}fi4] ) . feei
B h2 T CDI33 A 41 5 CD 133 A g 4 %1 KL (1
Feik2e 5. ik 222,05 <0. ST RE RAE Ry 25 e ik 4
[l
1.4 RT-qPCREMIEA B4 22 RIENFE I AL
HRES T 2522 S ILRIMET, IGF2R, RARG, PPARB/S
HEATRT-qPCRAF T[] H G 00 75 32 HF 140307 1) il 9 i 245 4
FFKCYP2C19, CYP2D6, CYP2EL, GSK3af{IPPARa%
B2 I5 Ko ARAERT-qPCRE BTN, FH]Primer
PremierS.0#F 1751 1T, % 2 AL FINZ I GAPDH
I M TARKARAZ EIG R, BRI L AR 7 k)5 1y
FRIYCDI33" 4 X CD133 4fififl, $2HRNA, Jrik[1.3.1,
cDNAA i #% TAKARA/N ] PrimeScript RT Reagent kitiji ]
58 RT-qPCRIZIHRoche /1] RT-qPCRIK A & W,
FoK T s WAAK R : FastStart Universal SYGreen Master
(ROX) 12.5 pL, Forward primer (10 pM ) 0.75 pL, Reverse
primer (10 uM ) 0.75 uL, cDNA 1 uL, ddH,0 10 uL. JZJij 5%
2 50 °C 2 min, 95°CHEE2 min, JEHR S 95°C 15's,
60 °C 60 s, FLIFFR40UK . T MEA BN AL, $& IR IFAT
BERT-qPCRIX E A7 [, S d A 31K, “RHIAACE
TR TR E B2 AT, S5 2R H1 ABL7S004K {1 H 8l AR il
1.5 AS49ZHIEH XTG4 (cisplatin, DDP) FlIF 2 1CS0
WBERAST KA S9N %5 B 4% % 5% 104~ /mL, $EFIA96
FLANMLEE SRR, 100 uL/AL, HiFR24 W i 5 R
A Z:RPMI164035 579 5 Hi BRI DDPa fl 22 5 (55 &
25 AR E]) L 200 uL/AL, DDPZIKEE S 240.156 ug/
mL, 0.312,5 yg/mL 0.625 pug/mL . 1.25 ug/mL 2.5 pug/mL
S pg/mL . 10 pg/mL, BiJ%E 2R 29K 7351 40.062,5 pg/mL
0.125 pug/mL . 0.25 pg/mL . 0.5 pg/mL . 1 pg/mL . 2 pg/mL
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Tab 1 Primers for qPCR amplification

Gene Sense strand (5" to 3" ) Antisense strand (5’ to 3" )
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA
MET CTCCCATCCAGTGTCTCCAGAAG TGCAGCCCAAGCCATTCA
IGF2R CCGCTAAACAGTTCGCAAGGA CAGTTTGGGTTTCTGCCTCACA
RARG CCAGCCCTACATGTTCCCAAG CATCCTCAAACATTTCAGGGTTCTC
PPARB/S CTACGGTGTTCATGCATGTGAGG GCACTTCTGGAAGCGGCAGTA
CYP2C19 GGAAAACGGATTTGTGTGGGA GGTCCTTTGGGTCAATCAGAGA
CYP2D6 ACCAGGCTCACATGCCCTA TTCGATGTCACGGGATGTCAT
CYP2E1 ATGTCTGCCCTCGGAGTCA CGATGATGGGAAGCGGGAAA
GSK3a GGAAAGGCATCTGTCGGGG GAGTGGCTACGACTGTGGTC
PPARa ATGGTGGACACGGAAAGCC CGATGGATTGCGAAATCTCTTGG

4 pg/mL, XTRELIAINZ, 413312 1L, 48 hJ5fICCK-8
LU AATRAS DA LA T T 0, I IR 450 nmAb 4 FL I
JtBE (optical delnsity, OD) fH, #% LA T2 iS40 MU/ A 1S
R AIAFIE R = (ODZy 44 /ODXFHRAL ) x100% , S5 H
RN/ G BUES A C X Cenrya sER LY/ IVE S E SRS il il brid) S
(halfinhibiting concentration, ICy, ) »
1.6 RT-qP CRAG M fii i M 24 22 S BE I mRNA SR L s
AS49Y B FIDDP IC, M55 = IC Ab 48 hJ5 [ AS494H
JfL, il ERNA, cDNAGK, qPCRIFEHAH R & £ 7047
[F]1.4,

2.1 IR AL 455 SCDI33 AL, CD133°
JI Pt 98 4 P 8 4G T )T 24 e PRI Rk 2 SR ik A%
PLERIAT31AN, (536% (31/84) , JLr30 4~ SE[H Rk R,
IR R IA T, Rk 2 R B R ERARG S
ESR2, EATHIER KK 7351 B BT 178.934% F12.52
fif (3R2) o X314 22 Fe Ik FE A, ARl SOk 4 08 2o 1Y
et 2540 e i FL R CYP2C19, CYP2D6 ., CYP2EI,
GSK3a, PPARaFIPPARB/S.

2.2 IRE B R R 4y 22 AR IR BE IR TR
FHRT-qPCRAG I 1 FHLIEBUAYRARG . PPARB/S . IGF2R,
METZ DU 22 S5 3L R AH & B CYP2C19, CYP2D6
CYP2E1., GSK3aFlIPPARaZE i & it 24 K R /ECD133 4 ifg
5 CD133 Al gk, 45 UL, 5CDI133 AL,
CDI133"4lllilRARG, PPARB/S . IGF2R, MET, CYP2C19,
CYP2D6, CYP2EI, GSK3a, PPARa%4 3 HmRNA[K) 5155
A AR S PR S R A ARSI A R —F

2.3 ASAZHIEF XS DDPFIFEE R IC MR FERfA 7. ARIR EE
() DDP B 75 22 FA S49 4 it 3 5 A I il VR, 38
TR PRI T ST AS 4941 LA DDP IC;41.97 pg/mL, i
FFRIC,M0.61 pg/mL (5£3)

2.4 RT-qPCRXJ Sl T 2 AH DG HE I A IS5 R AS49
4 i1 £ DDP IC , FIiFS R 1IC, 3 HIVEI48 hig, CYP2CI9,
CYP2D6, CYP2E1, GSK3a, PPARaFIPPARP/SZ5 i 245 AH %
FEPRIFE IR AR FE B2 3 (12) .

3 it

CDI33JEHFH# )12 R T Ani b i, 5%
KB, CDI33" i 4 i A T AR A5k, S by 7 AL
S ARG ICDI33EARICY), 48E5CD133 HICD133"
il PR 95 AN B, O 2 =2 TR0 A R T 2 22 5 3 R 3
M IR T 2 A I 5 SR A S

T AN AERING TR AR 28 5 & A Ay Ak e T4
HL TP, R T 4EHFCD 133 4 i i R AL R 25, FoA 1K
A3 VR A8 FRHICD133 FMIC D133 40 i B 82 T 25k
9’\ WF 5% R FH 9 [ SuperArray 23wl A2 7= 1 25 AR I RE /2

R H (RT2 Profiler™th ) , 1O AL & HETHF S EIE
%EJ\;EHEPF@W%‘?HH%E@SM\%IO SEIRL B R PR A
(R84 it 25 KL R Hp, A3 31N L IR 46 1k 22 Sk B 3% sl PR i
PIE. 5CDI133 4ffiAH I, CD133 4l A 30 MK ik
Fhim, VSR SRR AR F R T w3k P4 D e 4y 2 o
R Q25952 E A IR, A FFABCCI, ABCC2,
ABCC6, MVP; Q25 QI i A LN, (L FFARNT,
CYP2CI9., CYP2D6 ., CYP2E1, GSK3a . TPMT; (345
M3, fF5IGF2R | MET, PPARa, PPARB/S . RARG,
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% 2 CD133+5CD133 MR =M R IL E F2E L LR MERT 252 F
Tab 2 Differentially expressed drug-resistant genes between CD133+and CD133 cells

RefSeq Gene symbol Gene description Chromosomal Fold
localization change
NM_000966 RARG Retinoic acid receptor, gamma 12913 +8.93
NM_000367 TPMT Thiopurine S-methyltransferase 6p22.3 +7.39
NM_019884 GSK3a Glycogen synthase kinase 3 alpha 19q13.2 +5.66
NM_001800 CDKN2D Cyclin-dependent kinase inhibitor 2D 19p13 +5.17
NM_017458 MvP Major vault protein 16p11.2 +4.16
NM_006509 RELB V-rel reticuloendotheliosis viral oncogene homolog B 19q13.32 +4.04
NM_021976 RXRB Retinoid X receptor, beta 6p21.3 +3.59
NM_002503 NFKBIB Nuclear factor of kappa light polypeptide gene enhancer in B-cells 19q13.1 +3.23
inhibitor, beta
NM_005229 ELK1 ELK1, member of ETS oncogene family Xp11.2 +3.17
NM_006238 PPARB/S Peroxisome proliferator-activated receptor delta 6p21.2 +3.10
NM_000059 BRCA2 Breast cancer 2, early onset 13q12.3 +2.98
NM_001171 ABCC6 ATP-binding cassette, sub-family C (CFTR/MRP), member 6 16p13.1 +2.91
NM_000769 CYP2C19 Cytochrome P450, family 2, subfamily C, polypeptide 19 10q24 +2.91
NM_000122 ERCC3 Excision repair cross-complementing rodent repair deficiency, 2921 +2.81
complementation group 3 (xeroderma pigmentosum group B
complementing)
NM_000106 CYP2D6 Cytochrome P450, family 2, subfamily D, polypeptide 6 22q13.1 +2.71
NM_002467 MYC V-myc myelocytomatosis viral oncogene homolog (avian) 8q24.21 +2.62
NM_000876 IGF2R Insulin-like growth factor 2 receptor 6926 +2.54
NM_001437 ESR2 Estrogen receptor 2 (ER beta) 14923.2 -2.52
NM_053056 CCND1 Cyclin D1 11q13 +2.45
NM_000546 TP53 Tumor protein p53 17p13.1 +2.43
NM_000038 APC Adenomatous polyposis coli 5¢21-q22 +2.36
NM_000392 ABCC2 ATP-binding cassette, sub-family C (CFTR/MRP), member 2 10q24 +2.30
NM_000321 RB1 Retinoblastoma 1 13q14.2 +2.27
NM_004324 BAX BCL2-associated X protein 19q13.3-q13.4 +2.21
NM_005036 PPARa Peroxisome proliferator-activated receptor alpha 22q13.31 +2.15
NM_004996 ABCC1 ATP-binding cassette, sub-family C (CFTR/MRP), member 1 16p13.1 +2.14
NM_001668 ARNT Aryl hydrocarbon receptor nuclear translocator 1921 +2.14
NM_138579 BCL2L1 BCL2-like 1 20qg11.21 +2.13
NM_000245 MET Met proto-oncogene (hepatocyte growth factor receptor) 7931 +2.11
NM_000773 CYP2E1 Cytochrome P450, family 2, subfamily E, polypeptide 1 10g24.3-qter +2.02
NM_003839 TNFRSF11A Tumor necrosis factor receptor superfamily, member 11a, NFKB activator 18g22.1 +2.01

If the fold change is positive, it means up-regulation. If the fold change is negative, it means down-regulation.

RXRB; @ifs AT MG, AU 4FBAX, BCL-XL, RBI,
TPS3; O%: 5N+, fJFFELKI, MYC, NF-xBIB. RELB
TNFRSFI11A; ©DNAf&E X IJEH, fUFEAPC, BRCA2 .
ERCC3; 4 51 3, 41F5CDKN2D, CCNDI,
2 I8 R AP A R DRI 41 T 240 B 3 G A ESR 2R [ ik 314>
25 SR LR, SR SR A T8 2o 4 5 I 9 o 24 R O 1Y

PPARB/S.,

HKACYP2C19,. CYP2D6 . CYP2EL, GSK3a ., PPARa#

Y52 P450 (cytochrome P450, CYP450) J& T 4L
B IE R AE N EE N — A, CYP4S0) 72
2 S PYNUNUFEY AN =K (N
AN 25 . BUR LA YLLK N IR Y T AN S [ B T

IR, K i S5 2 Fh—AH N, Xt
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) Fig 1 Some drug-resistant genes expression
0 m -j ij between CD133" and CD133" cells
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2 25 £ 25
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5 3
3 20 T 20
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s I ]
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CYP2C19 CYP2D6 CYP2E1 GSK3a  PPARa PPARB/S CYP2C19 CYP2D6 CYP2E1 GSK3a  PPARa PPARB/S

& 2 DDPICs, (A) FARIBEICs, (B) EMAAIRAS49AMAPATEM 2 EERIEMN T, ICs, | FHARINHIRE,
Fig 2 Drug-resistant genes expression levels of A549 cells in pre- and post-chemotherapy

% 3 AEIREDDPIFISZEITASA9A AR HIFIZE (Mean£SD) (%, n=3)
Tab 3 The survival rate of DDP and Doxorubicin on A549 cells (Mean*SD)(%, n=3)

DDP Doxorubicin
Concentration (ug/mL) Survival rate of cells Concentration (ug/mL) Survival rate of cells
Control 100 Control 100
0.156 95.50%2.06 0.062,5 96.40+2.52
0.312,5 88.60+2.09 0.125 87.56+2.71
0.625 80.25+1.98 0.25 79.20+£2.91
1.25 66.01£1.29 0.5 53.97£3.30
2.5 40.32%+3.15 1 34.86+4.33
5 24.70*+1.54 2 21.3+2.06
10 11.17£1.63 4 7.06£3.02

e, WFSE M, 34 CYP4SOLE M4l 4 b ek . FIRE R HEL R JE | FRWEME e &5 22 My B0 25 W i 1 (3
SR 2 22556 . WNCYP3A4/STER AP INm % AR /MY, BEIESICYP2CLOTE JIFE M4E i
IBTURE A R0 ROR . CYP2C19, CYP2D6, & k™, CYP2D61E B H 4 b 45 ikt B 0 1F 4 41
CYP2EI/EM PS5 | AR e  RABIAAT. K&EH. v 40", CYP2EVEN MR . . LI . A5/ N i i

1 [ e 2% 25
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Hh i T Y R T R DR ) 2 K S - U T 25 A
RARIAE . A58 K ICD133 il iR 4l il 42 C D133 4
MiEFi5CYP2C19, CYP2D6, CYP2EL, /8 EA 1A RELE
CD133" 4l i 24 1o F v A 45 E AR o iX 28 CYP4SORT
Tk 1 5 BT e 9 24 0 ) A SR DT 9555 245 490 ) 47 9
VR A TS, A g A AR 2 R4 .

B B3 (glycogen synthase kinase 3, GSK3)
ST Z IR 22 ) A TR R WM , A GSK3aHIGSK3p
PP A o G SK-3 1) JE A Ty fil J2 TR 1) A ol R Ak AR 2 I
41, GSK-3a2f5214 ;i | 22 2 B W W B2 Ak A] 3t I G SK-3 11
RN, gifﬁEl/\]GSK-3ﬁﬁﬂ§H§Wnt/B-catenin\ PI3K/Akt
FINF-xBEE Z 5514 Sl 1 2 15 Iy 4 M 38 58 L 43
AT Fu U GSK3a mRNA K 2 (175 B 4595
T 2542 B 4 ik b 2R A W] BACR A MR, AR R IR
GSK3an[ i ST 25 4 5 . Piazza®E ™ & BIAE £ % ME B BEIR
A R R L R GSK 3a)T, IR 4R I Xt bortezomibifs 5 )
ToRUBERG I, ABIESE & BRCD133 i i 4 i $ C D133
AN e IAGSK3a, $2 /R GSK3A[AES 5CD133" fifi i 4l
LT 2

1 Sk W T A 15 5 R T 005 A2 AR (peroxisome
proliferator activated receptors, PPARs) & —2S iy it {4
TG IEE SR, B TARM R Z M K 5 51, A PPARG,
PPARB/SHIPPARy = RNl A, HTGHFFE$E /R PPARs 5 i
HATHH S, (HPPARFIPPARB/STE MR & 1E K S I
F—BEAFAGL . R ERAE Y K I PPAR G 31150 ] 55
I 2 M T, bR R A A TR, AR I
YA, BRI AN M | 45 g A0 M N SR BRI A 3 A A [
FEBE A H IR TEYE™  (AENNK S0 UM |, 35
TEPPARGR I i iR & A= % Je'® . PPARBFE 4141
HFIAREAIN, PPARBIEEF AT LU I Cyclin DIFIPCNA,
L8200 $91 G U1 BT 0t I R s 40 3 7 (Bt A5
TR B PPAR B/ S 7] T LA HE M A0 a3 5, AL
W 1 PI3K/AK T2 7% |iHEP4HZAPGE2, FiHPTEN
AR IMAKTBERR AL . A6 9% & PR C D133 i i 967 4 i 48
CD133 #liifl 2 % i5sPPARa FIPPARB/S, PPARaFIPPARPB/S
T it i s 245 P A UV 8 s T 2 X —BREHEAR IR A
W5

AT 2R — A2 2080 ZigkES S
AIRE R, AT RS S5 AN [F] A=A i 2 1 2 Aas A% TR 3R
KA o ABFSEAECD133"/C D133 il i Ji 41 i v 7 2k
31N RT BE 5 e 22 24 2 ARG Y BRI, Horh CYP2C19,
CYP2D6 ., CYP2EL, GSK3a, PPARaFIPPARPB/S 93 K FRHY

TR TR 2 AH DG R I, T 88 22 57 3 TR R DA 2 M o T 245 14
WHFE SR At TSI . P — 2P B SORE i S A A S T
SIS LA i 75 14 it A i 245 4 56 HE IR 7E C D133 il [l S 240
IR 2R RV A A A I8 T 24 1430 e B A e et

2 £ x #f
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