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Proteomic analysis of proteins associated with radiation-induced carcinogenesis

CUI Jian-guo, CAI Jian-ming", GAO Fu, ZHAO Fang, DONG Jun-rui, LI Bai-long ( Department of Radiomedicine,
Faculty of Navy Medicine, Second Military Medical University, Shanghai 200433, China )

[ Abstract ] Objective: To establish a cell model of radiation-induced carcinogenesis and to observe the different protein
profile between radiation-induced cancer cells and normal cells by proteomic method, so as to obtain proteins associated to
radiation-induced carcinogenesis. Methods : Immortalized human bronchial epithelial cell line BEAS-2B was radiated with
~ ray to established radiation-induced carcinogenesis cell model. Two-dimensional ( 2D ) electrophoresis was employed to
identify the altered protein profile between radiation-induced cancer cells ( BR,,Py, ) and normal cells ( BNP,, ). The dif-
ferentially expressed proteins were identified by mass spectrometry; the expression of 4 differentially expressed proteins
( ENO1, Prx I, Dyrk2 and GPX1 ) was analyzed by fluorescent RT-PCR and Western blotting at different phases of carci-
nogenesis. Results: Totally 59 protein spots were found to be differentially expressed between BR,,P,, and BNP50 cells,
with 14 only expressed in BR,, P, cells, 15 only expressed in BNP,,. For the other 30 spots, 7 spots were highly expressed
and 23 spots were lowly expressed in BR,, Py, cells. Using MALDI-TOF MS technology, 26 spots were identified by PMF,
including enzymes, structure proteins, cell signal proteins, binding proteins, metabolism related proteins, some unknown
function proteins and ploy-peptides. RT-PCR and Western blotting showed that expression of ENO1 and Prx I were in-
creased and of Dyrk2 and GPX1 were decreased with the advancement of radiation carcinogenesis. Conclusion:2D elec-
trophoresis is effective in identifying the protein expression profiles between BR,,P,; and BNP,, cells. Some differentially
expressed proteins have been analyzed during the development of radiation carcinogenesis. This study may provide a novel
clue to probe the mechanism of radiation carcinogenesis.
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Fig. 1  Expression profiles of proteins in BNP,( A ) and

BR,,P,( B ) cells as detected by 2D electrophoresis
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Tab. 1 Primers and Tagman probes of each genes for PCR analysis

Name Nucleic acid sequence Length  Tm(/°C) GC( % )
Human Outer primer Sense: TCACCATGGATGATGATATCGC 22 59 45
B-actin Antisense: CATTGTAGAAGGTGTGGTGCCA 22 59 50
Inner primer Sense: CCGTCTTCCCCTCCATCG 18 59 67
Antisense: GTCCCAGTTGGTGACGATGC 20 59 60
Tagman probe ~ FAM-CCAGGGCGTGATGGTGGGCAT-TAMRA 21 60 67
Dyrk2 Outer primer Sense: TGCTTGGATGCTTTGCACAA 20 60 45
Antisense: CCCGTCAGGAGCTCTGCTAA 20 59 60
Inner primer Sense: ACTGTGACCTTAAGCCCGAGAAC 23 60 52
Antisense: CCAAGGATCACTTCTGGAGCC 21 60 57
Tagman probe ~ FAM-TCCAGTTGTTACGAGCATCAGCGTGTCT-TAMRA 28 68 50
ENO1 Outer primer Sense: AGATCCCTTTGACCAGGATGAC 22 58 50
Antisense: TCAATTCTGAGGAGCTGGTTGTAC 24 58 46
Inner primer Sense: ACTGTGACCTTAAGCCCGAGAAC 19 58 58
Antisense: CCAAGGATCACTTCTGGAGCC 18 58 61
Tagman probe ~ FAM-CTGCAACTGCCTCCTGCTCAAAGTCA-TAMRA 26 68 54
GPX1 Outer primer Sense: CGAAGAGATTCTGAATTCCCTCA 23 58 43
Antisense: TGTTCCTCCCTCGTAGGTTTAGAG 24 59 50
Inner primer Sense: CCGACCCCAAGCTCATCA 18 59 61
Antisense: CTTCTCAAAGTTCCAGGCAACA 22 58 45
Tagman probe FAM-1CTGGTCTCCGGTGTGTCGCAACG -TAMRA 23 70 65
Prx 1 Outer primer Sense: GCAGAAGAATTTAAGAAACTCAACTGC 27 59 37
Antisense: TGTTCCTCCCTCGTAGGTTTAGAG 23 58 43
Inner primer Sense: CTGGGACCCATGAACATTCC 20 59 55
Antisense: AAGACCCCATAATCCTGAGCAA 22 59 45
Tagman probe ~ FAM- TTGGTATCAGACCCGAAGCGCACC -TAMRA 24 69 58
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#& 2 BNP,, and BR,, P, #iff1[E14 MALDI-TOF MS £ EHERRIZEA A
Tab. 2 Identification of proteins differentially expressed between BNP,, and BR,,P;, cells using MALDI-TOF MS

No. AC D Description Matched  Theoretical Sequence
peptides  ( pl/Mr ) coverage( % )
1885 NP_002801  gil5292161 Proteasome 26S non-ATPase subunit 4 isoform 1 15 4.68/740 711 41
2006 Q03154 ACY1_HUMAN N-acyl-L-amino-acid amidohydrolase 14 5.77/45 856 34
2118 AAH25372  gil19263471 Calponin 3 20 5.69/36 391 55
2152 AAV38549  ¢il54696354 Protein phosphatase 1, Catalytic subunit, beta 18 5.84/37 147 51
isoform
2411 Q9UQBY AURKC_HUMAN  Serine/threonine-protein kinase 13 6 8.96/35 569 25
2488 AAH21166  gil39644728 ENOL1 protein 11 5.87/28 901 39
2492 043182 RHGO6_HUMAN  Rho-GTPase-activating protein 6 ( Rho-type 9 7.00/105 908 17
GTPase-activating protein RhoGAPX-1 )
2549 NP_859047  gil32455264 Peroxiredoxin 1 12 8.27/22 096 43
2674 P05092 CYPH_HUMAN Peptidy-prolyl cis-trans isomerase A 6 7.82/17 881 49
2679 NP_006089  gil5174447 Guanine nucleotide binding protein ( G 9 7.60/35 055 19
protein ), beta polypeptide 2-like 1
2708 1NUE_F gil1421614 Chain F, Nucleoside triphosphate, Nucleoside 10 8.55/17 156 59
diphosphate Mol_id: 1; Molecule: Nucle-
oside diphosphate kinase; Chain: A, B, C,
D, E, F; Ec: 2.7.4.6
2166 Q13523 PRPAB_HUMAN  Serine/threonine-protein kinase PRP4 homolog 6 10.26/116 902 8
(EC 2.7.1.37 ) ( PRP4 pre-mRNA
processing facto
2350 P62140 PP1B_HUMAN Serine/threonine protein phosphatase PP1-beta 6 5.84/37 163 27
catalytic subunit ( EC 3.1.3.16 ) ( PP-1B)
2420 XP_372970 gil41191527 PREDICTED: Similar to ENSA 5 9.08/18 293 32
2623  Q9Y4AST RRAP_HUMAN Transformation/ transcription domain-associated 40 8.49/437 304 11
protein ( 3507400 kDa PCAF-associated factor )
2696 AAC50391 gi 11215669 JTV-1 8 7.64/34 445 21
2701 AAA36578  gil337459 Small nuclear ribonucleoprotein particle( SmB ) 7 10. 89,22 950 25
2756  P07203 GPX1_HUMAN Glutathione peroxidase 1 (EC 1.11.1.9) 8 6.15/21 885 59
( GSHPx-1 X cellular glutathione peroxidase )
2919 P55145 ARMET_HUMAN  ARMET protein precursor ( arginine-rich 11 8.70/20 244 41
protein )
2935 NP_996888  ¢il46877102 Upstream stimulatory factor 1 isoform 2 6 5.89/27 356 17
2940 CAA70418  gil1666066 Dyrk2( dual-specificity tyrosine- ('Y )- phos- 7 9.61/22 875 31
phorylation regulated kinase 2 )
2982 AAH67487  gil45767717 H2B histone family, member E 9 10.39/14 080 58
2226  P36952 MAPS_HUMAN Serpin B5 precursor ( protease inhibitor 5 ) 11 5.72/42 138 40
2243 Q15019 SEPT2_HUMAN Septin 2 ( NEDD5 protein homolog ) 15 6.15/41 461 48
2686 P62826 RAN_HUMAN GTP-binding nuclear protein Ran ( GTPase 14 7.01/24 408 48
Ran ) ( Ras-like protein TC4 ) ( androgen
receptor-ass
2882 CAA80853  gil854189 Tropomyosin isoform 12 4.89/28 403 41
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Fig. 2 Differentially expressed proteins between BNP,, and

BR,, P, cells before and after radiation
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Fig. 3 Expression of ENO1, Prx I, Dyrk2 and GPX1
proteins in different phases of radiation-induced
carcinogenesis detected by Western blotting
BNP,, : Control group; BRP, : Acute stage of radiation;

BR,,P,,: Earlier stage of radiation induced
carcinogenesis; BR,, Py : Middle stage of
radiation induced carcinogenesis; BR,, Py, :

Advanced stage of radiation induced carcinogenesis
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Fig. 4 Expression level of ENO1, Prx I, Dyrk2 and
GPX1 proteins in different phases of
radiation-induced carcinogenesis

0.12
OENOI

0.10

0.08

copies

0.06
0.04

Normalized

0.02

0.00

BNPSO BR6PI BR22PZD

BR,,P,, BR,,P,
5 ENOI1, Prx I, Dyrk2 #1 GPX1 A mRNA
TERR ST BB A B M B B AR L 4 L
Fig.5 Normalized mRNA copies of
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phases of carcinogenesis induced by vy-ray
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AR A . AHSCHIF Yt & B, 76 JE 5 21 205 I ged 40
ZI5E FAb 1 33 I R0 40 g P ISR F) GPX Ay K Bk
KOS PR GPX1 Ay 2 1k Bl AT i bR & R
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Tab. 3 Ct and mRNA copies of some differentially expressed proteins in different phases of radiaion-induced carcinogenesis

Protein BNPSU BR(\PI BRZZPZU BR22P35 RR22P51\
B-actin Ct 20.22 +0.074 19.529 +0. 148 19.215 +0. 149 19.194 +0. 108 19.01 +0. 124
mRNA 192 586.570 304 277.004 374 572.018 379 815.113 429 009. 673
( Copy * p,l-l )
ENOI1 Ct 32.638 =0.231 32.555 +0.14 31.526 +0.237 28.364 +0.399 27.015 0. 108

Normalized (9.71 +1.52)x10™
mRNA "

Prx 1 Ct 33.195 +0.175 32.048 +0.023

(6.64£6.19)x10"

(10.60+1.69)x10" (9.04+2.26)x10" (19.60£1.40)x10"

28.54 +0.068 26.512 +0.059 26.418 +0.051

Normalized (8.12£1.01)x10™ (113.00+1.79) x 107 (103.00 £4.76 ) x10™ (40.80 = 1.64 ) x10” (38.60 £1.36 ) x10~

mRNA

Dyrk2 Ct 25.008 +0.433 25.906 +0.313

31.159 +0. 142 32.33 +0.163 33.057 +£0.171

Normalized (9.49 £2.75)x 107 (31.40 £6.50 ) x 10~ (61.90+6.17 ) x10”° (26.70 +3.03 ) x10° (14.20 £1.70) x 10~

mRNA

GPX1 Ct 27.003 +0. 055 28.074 +0.115

31.474 £0.077 34.038 +£0.441 34.606 +0.08

Normalized (36.70 +1.39)x10™ (111.00 £8.69 ) x10™ (87.40 +4.70 ) x 107 (14.50 +5.80 ) x 10~ ( 88.80 +4.86 ) x10°

mRNA

* Normalized mRNA: mRNA of examined protein/mRNA of B-actin
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