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[Abstract] Background and objective Recent researches have found that NiS can cause the malignant
transforming activity and carcinogenicity on human bronchial epithelial cells (16 HBE). Its molecular mecha-
nism may be involved in mutation of genes and abnormal expression of transcription factors on 16HBE. And
so, this study takes advantage of a model of 16 HBE transformed by NiS and screens the differentially ex-
pressed genes between 16HBE cells and NiS treated 16HBE cells (NiS-16HBE) using ¢cDNA microarray.
Methods The total RNA was extracted from 16 HBE cells and NiS-16 HBE cells. The ¢cDNA probes were pre-
pared by labeling with Cy3-dCTP and Cy5-dCTP respectively through reverse transcription. The mixed probes
were then hybridized to the cDNA microarray chips containing 4000 human genes. The chips were scanned by
ScanArray 4000 laser scanner. The acquired fluorescent signals were analyzed by GenPix Pro 3. 0 software.
Bioinformation function of those differentially expressed genes was analysed. Results A total of 151 genes ex-

hibited differential expression between 16HBE cells and NiS-16HBE cells.
(46.36%) was down-regulated and that of 81 genes (53. 64 %) was up-regulated. Conclusion The regulation

The expression of 70 genes

of genes including stress response genes, immune related genes, DNA synthesis and repair genes, metabolism
genes, pro-oncogenes and tumor suppressor genes may be involved in transforming activity of NiS.
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Tab 1 Up-regulated genes in NiS-16 HBE

GenBank id

Name of identified gene and function

Ratio of Cy5/Cy3
(NiS-16HBE/16 HBE)

Yl
M31468
AF007111
V01512
AL031281
U18671
Humorf{12
Hsu62962
Humsatbla
Hsmp2lhom
D87685
Humclkla
NM 006035
Us7022
AF015592
AF016582
NM 006007
722533
NM 000582
AB011537
NM 001431
X70326
X68277
Hsul2767
Ab013382
Hsmep07
Hsstomat07
hsbm40
HUMINTB5A
X92106
Humvim3
Humprp
110333
X04741
NM 006183
M15518
X14420
J03464
U21128
M11313
XM084981
U54559
D86322
S79895
Hstump
X57548

c-myc/

ras-like protein/RAS

MDM2-like p53-binding protein (MDMX) /
Cellular oncogene c-fos/

Similar to Mouse Wnt-4/

Stat2/STAT/

KIAA0025/

Int-6/

MAR/SAR DNA binding protein (SATBI1)/
Homologous to mouse P21/

KIAA0244 gene/

clk1/

CDC42-binding protein kinase beta/
Cyclin-dependent kinase 4 (CDK4)/

Cdce7 (CDC7)/

Checkpoint kinase Chkl (CHK1)/

Zinc finger protein 216 (ZNF216)/
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ALK-1/ ,
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MEGF4/MEGFS8/

Erythrocyte membrane protein/
MacMarcks/signal transduction
Tyrosine phosphatase/ (GRS I
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Human band 7. 2b stomatin/
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1
Ratio of Cy5/Cy3
GenBank id Name of identified gene and function
(NiS-16HBE/16 HBE)

Hsmaopl4 Monoamine oxidase type A (14)/A 2.112
Hsu08092 Histamine N-methyltransferase (HNMT) / N- 2.158
Af038662 3ql3 beta-1, 4-galactosyltransferase/3ql3beta 2.792
Hsu09510 Glycyl-tRNA synthetase/ tRNA 2.942
Hsnmtde NAD- / 4.952
Humcbsa Cystathionine beta-synthase (CBS)/ beta 7.349
NM 004873 BCL2-associated athanogene5 (BAG5)/ 6.201
AF017986 SARP1/ . 3. 896
S73591 HHCPA78 homolog/VDUP1/ 3.008
D13435 PIG-F (phosphatidyl-inositol-glycan class F)/ 4,201
AF030428 Lung type- I cell membrane hTla-2/ [ 2.117
M90657 Tumor antigen (L6)/ 8.336
X79234 Ribosomal protein 1.11/1.26/32/1.9/41 3.116
AF065389 Tetraspan NET-4/NET-6 4,201
Y00503 Keratinl9/ 19 3.224
X86693 Hevin like protein/ 6.732
NM 005346 Heat shock 70kD/ 70 4. 301
Hum927a Interferon-inducible protein 9-27/ 2.374
Af061261 Zinc finger protein (MBLL)/ 2.994
Hss100pch Calcium-binding protein S100P/ S100 7.016
Humrab6a GTP-binding protein (RAB6)/GTP 2. 888
Hsub59877 Low-Mr GTP-binding protein (RAB31)/ GTP 4. 960
Hspabpii Polyadenylate binding protein [[ / 2.244
Af029346 Chloride channel protein 3 (CLLCN3)/ 2.009
Hsliper Lipocortin/ ( ) 2.032
Humgrp75 Mitochondrial HSP75/ HSP75 2.046
Hs18d Interferon-inducible gene family/ 2.091
Hsmitg Mitochondrial DNA/ DNA 3.365
Hsu57693 TFIID subunits TAF20 and TAF15/ 2.329
HUMISGF3A Transcription factor ISGF-3/ ISGF3 2.123
Af067170 Alpha endosulfine/alpha 2.093
Hsu92014 Defective mariner transposon Hsmar2/ 2.236
G18337 STS genomic/ 2.535
Hsu80747 CAGH3/ 2.036
Af070614 24732 unknown/ 2.052
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Fig1 The 2-dye scanning results of merged image of hybridizing sig- Fig 2 The scatter plot of hybridizing signals of differentially expressed
nals of Cy3-16HBE and Cy5-NiS-16 HBE on gene [chip genes between 16 HBE and NiS-16 HBE on gene chip
Color of spots in merged image showed expression status of genes: up- Cy5-NiS-16 HBE (Y-axes)/Cy3-16 HBE (X-axes) scatter plot: The red
regulation (red), down-regulation (green), no change\it| g¥pressior spetsshowed andifferentially expressed genes. the yellow spots showed

(yellow) differentially expressed genes
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2 NiS-16HBE ( Ratio<C0.5, 70 )
Tab 2 Down-regulated genes in NiS-16 HBE

Ratio of Cy5/Cy3

GenBank id Name of identified gene and function
(NiS-16HBE/16 HBE)

141870 Retinoblastoma susceptibility protein (RB1)/ RB 0.402
U50534 BRCA2/ 0.198
J03068 DNF1552 (lung) /chromosome 3p/ 3P,SCLC 0.324
AB017363 Frizzled-1/ , Wnt s 0.105
AF037989 STAT inhibitor-2/STAT s 0. 460
AB020315 Dickkopf-1 (hdkk-1)/Wnt 0.201
U48436 Fragile X mental retardation protein FMR2p/ X 0.451
Caveolhs3 Caveolin-1 gene/ ( ) 0.212
Af043733 Death effector domain-containing/ 0. 290
Af124440 MAGE tumor antigen DI (MAGE-D1)/ MAGE-D1 0.437
Hsu22364 Cyclin Bl gene, promoter region/ Bl 0.416
NM 002439 MSH3/DNA 0.441
U18300 Damage-specific DNA binding/DNA 0.413
D21235 HHR23A protein, XPC/DNA 0. 331
NM 005732 RAD50/DNA 0.312
Hsrad2 Flap endonuclease-1/ 1 0.408
Hsu39817 Bloom’s syndrome protein (BLM)/DNA 0.410
Y07595 TFIIH/ .DNA 0.221
U32986 Xeroderma pigmentosum group E/XPE DNA 0. 396
AJ010046 Rho guanine nucleotide-exchange factor/ DNA 0.301
NM 003362 Uracil-DNA glycosylase (UNG)/DNA 0. 286
NM 006596 Polymerase theta (POLQ)/ T, DNA 0.438
NM 005431 XRCC2/DNA 0.483
NM 006793 Antioxidant protein 1(AOP1)/ 0.115
Ul12472 Glutathione S-transferase (GST phi) /GST 0.134
NM 001512 GSTA4/GST 0. 306
AF043105 Glutathione S-transferase mu 3 (GSTM3)/GST 0.327
NM 007057 ZW10 interactor (ZWINT) / 0. 307
NM 002212 Integrin beta 4 binding protein (ITGB4BP) /Beta 0.486
AF070600 Beta-tubulin/ 0. 333
Af059611 Nuclear matrix protein NRP/B (NRPB) / 0.451
Hsu36188 Clathrin assembly protein 50 (AP50)/ 0. 480
NM 006388 Tat interactive protein (TIP60)/ 0. 227
Hstsc22 TSC-22/ , 0.238
U82828 Ataxia telangiectasia (ATM)/ , 0.321
AF037448 GRY-RBP/RNA 0. 190
X55544 TREB protein/ 0.456
J04809 Cytosolic adenylate kinase (AK1) 0.339
M69043 MAD-3/ NF-kappa B 0.316
NM 006609 MAP3K2/MAPK 0.437
Af004711 Signal recognition particle subunit 9 (SRP9)/ 0. 485
NM 001301 Core promoter element binding protein (COPEBb) / 0.401
M59465 Tumor necrosis factor alpha inducible protein/ TNF 0.330
X59892 IFN-inducible gamma2/ 0.294
Hum26spsp 26S proteasome subunit p97/TNF 0.331
L19185 Natural killer cell enhancing factor/NK 0.403
Ab001872 Leucine zipper bearing kinase/ 0. 264
AF020038 NADP-dependent isocitrate dehydrogenase (IDH) / 0. 287
M23114 Calcium-ATPase (HK1)/ ATP 0.438
U14970 Human ribosomal protein S |:| |:| |:| |:| |:| 0.207
AF070548 2-oxoglutarate carrier protein/ 0.331

116842 Ubiquinol cytochrome-c ILWWW . | u n gca . O rg 0.367

1.37936 Mitochondrial elongation factor Ts 0. 381
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2
Ratio of Cy5/Cy3
GenBank id Name of identified gene and function
(NiS-16HBE/16 HBE)
u27649 BTG2/ . 0.235
AF044958 NADH/ 0. 330
Humenoa Alpha enolase/alpha- 0.479
Humhmgcoa 3-hydroxy-3-methylglutaryl coenzyme A reductase/3 -3 A 0. 315
X02761 Fibronectin (FN precursor) / 0. 350
AB005047 SH3 binding/ s 0.482
Af125098 HSPC037 protein/ 0.461
AF091433 Cyclin E2/ E2, 0. 445
Af004711 Two-pore potassium channel TPKC1/ 0. 345
NM 004480 Fucosyltransferase 8 (FUTS8)/ 0. 447
NM 004403 Deafness, dominant 5 (DFNA5)/ 0.410
AF007871 TorsinA (DYT1)/ 0.214
AF006621 Embryonic lung protein (HUEL)/ 0.118
Hsrnasmf{ Sm protein F/ F, 0. 499
AK000560 FLJ20553 fis, clone KAT11806, highly similar to X79535 H 0.443
Hsu81004 GT24/(GT24)/ 0.270
Hstubb2 Beta 2 gene/beta-2 s -6 0.272
151 s C 3,
GenBank
3 NiS-16HBE
Tab 3 Classify of function for the differentially expressed genes in NiS-16 HBE
Differentially Down-regulated Up-regulated
Potential gene function

expressed genes genes genes
Pro-oncogene and tumor suppressor gene 23 11 12
Ton channel and transport protein 2 1 1
Cell cycle protein 9 4 5
Cytoskeleton and movement protein 9 5 4
Apoptosis and stress response protein 5 3 2
DNA synthesis, repair and recombination 8 4 4
DNA binding, transcription and transcription factors 27 6 21
Cellular receptor 18 10 8
Immune related gene 8 5 3
Cell signal and transduction protein 9 6 3
Metabolism gene 16 10 6
Protein translation and synthesis related gene 13 2 11
Development related gene 4 3 1
Total 151 70 81

(  Northern blot),
(  RT-PCR), (
, SAGE) . cDNA
[3] s s , .
3 s [4,5] s
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