rf R 2 520124691 45 15% 459 Chin J Lung Cancer, September 2012, Vol.15, No.9 © 521

DOI: 10.3779/j.issn.1009-3419.2012.09.04 . llﬁa EK Eﬂl % .
OAT7EE/ N R A R B R E
FEEMERFESH

FJTIE 2% HHAE AR S ke kEF

[HE] ¥=588 CAHMIFREY, SERMEIERA (ornithine aminotransferase, OAT ) T g5 5L FE
PEME 0 R AR R, A5 B AERTI AR /N M9 ( non-small cell lung cancer, NSCLC ) H1OAT mRNAFIZE [ /511
Tk, P HBI TR0, i B RT-PCRIY 51k L AS49 I 16HBEA il [A] OAT mRNAZK -1 22 55 R
FA 35 1 S Uk 2 SPYLAG I S S i 93 20 22 01 17 31l 55 i 2 2 OAT 2K (1 3638 5 R FIZE 1% B 24 1 J i OAT 2R 11 11y
A5 B AR AE AR A AR A T AT, X e 1 S A AR B AR L 26 (1A GOTE B AN Sl s b &8RO
AS49+ 1 OAT mRNAMIX] % H 4 16HBEFP I, Wi 227 202.851% . @NSCLCHIOAT & [ 12 14 B ik 7 T 5 il 4 41
(P<0.05) ; OATZE FATEMSEAFINREEIA AR Z A G4 X, WS REER . 450 . A0 Egs R . MR E
B R TINMATE . QEYIE B2 TR OAT E U i TRk . N EARSFIY 5K, H /G Aminotran-3
SRR, PIRETEAE AL/ RREIR AL A, TEMR S T . B F a5 i R ¥ — VR s e Hok
1S4 REFIOATAEEAH HAE & i, TNEFITRAFGX il 155 T NFxBF S IK . 4518 OATH[fREfE
NSCLCH) &R B L HE TSR, A5 2R I B NS Wik R R A Y 7 B

[ X817 ] SEMEIELRH; W, Rk, AEWERE

[ FE225 ] R7342

Expression and Bioinformatic Analysis of Ornithine Aminotransferase
in Non-small Cell Lung Cancer
Danfei ZHOU', Xi'an CHENG?, Shuanying YAN G, Zongjuan MING', Wei LT, Qiuhong ZHANG', Yuping ZHANG'
'Derpartment of Respiratory Medicine, the Second Affiliated Hospital of Xi'an Jiaotong University, Xi'an 710004, China;
*People’s Hospital of Tongchuan City, Tongchuan 727000, China

Corresponding author: Shuanying YANG, E-mail: yangshuanying66@163.com

[ Abstract] Background and objective It has been proven that ornithine aminotransferase (OAT) might play
an important role in the oncogenesis and progression of numerous malignant tumors. The aim of this study is to detect
the mRNA and protein expression of OAT in non-small cell lung cancer (NSCLC), as well as to analyze the bioinformatic
features and binary interactions. Methods OAT mRNA expression was detected in A549 and 16HBE cell lines by reverse
transcription-polymerase chain reaction. OAT protein expression was determined in SS cases of NSCLC and 17 cases of
adjacent non-tumor lung tissues by immunohistochemical staining. The bioinformatic features and binary interactions of
OAT were analyzed. Gene ontology annotation and signal pathway analysis were performed. Results OAT mRNA expres-
sion in A549 cells was 2.85-fold lower than that in I6HBE cells. OAT protein expression was significantly higher in NSCLC
tissues than that in adjacent non-tumor lung tissues. A significant difference of OAT protein expression was existed between
squamous cell lung cancer and adenocarcinoma (P<0.05), but was not correlated with the gender, age, lymph node metas-
tasis, tumor size, and TNM stages. Bioinformatic analysis suggested that OAT was a highly homologous and stable protein
located in the mitochondria. An aminotran-3 domain and several sites of phosphorylation, which may function in signal
transduction, gene transcription, and molecular transit, were found. In the 54 selected binary interactions of OAT, TNF and
TRAF6 play roles in the NF-kB pathway. Conclusion OAT may play an important role in the oncogenesis and progression
of NSCLC. Thus, OAT may be a novel biomarker for the diagnosis of NSCLC or a new target for its treatment.

[ Key words ] Ornithine aminotransferase (OAT); Lung neoplasms; Expression; Bioinformatics
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STRINGHEL MG, K BAFAE R FIURE, M
T RIS PSR RO ELAE SR, B — 2P BT Sk
FRMEAEMEA LSS WT (XR2) , RPEAFHL
PERISE R IREBOT A e dbiiie . AR i A
P RE XRS5

STRINGHE R A5 R (K8, KHE @1 mEm
FOAT R BE ELHEANKCHY 731, A nifUR AT REAF R T
RIZRR R I, W R AL E 2 DA TR 1y 231 6 0 3914

=1 OATERETNEEM T S ER
Tab 1 The functional prediction of OAT Gene

RAE AR, T Ir R 5 7 &6 A5
FHOCAT B ZR A V4 ) W — 254 KT AH BRI A B
TR, RS T E (L) REE (ThRE
) MEFMHEERXR, BURSRGE THER 5.
S R E AE B, R
VERISCRIEATIPY, 28 2 H Rl ss 172k A 113344
PR S,214,234 80 2 (15 A9 AH BAE RS B . STRINGAHE
JE T AT A5 OATAH BAE A 11 40 fie s 20 A 1

OAT Gene Ontology category Prob Odds
Signal_transducer 0.096 0.447
Receptor 0.007 0.041
Hormone 0.001 0.206
Structural_protein 0.002 0.073
Transporter 0.025 0.227
lon_channel 0.010 0.168
Voltage-gated_ion_channel 0.004 0.170
Cation_channel 0.010 0.215
Transcription 0.027 0.215
Transcription_regulation 0.018 0.144
Stress_response 0.013 0.144
Immune_response 0.013 0.151
Growth_factor 0.006 0.421
Metal_ion_transport 0.009 0.020

%2 EANHIRENOATHEMERAEARHEXER
Tab 2 The binary interactions of OAT in literature
Molecular A Molecular B First author (year) Method
OAT HLA-B. PTP4A3. BB1. EIF1B. ARF6. SSSCA1. Ewing et al. (2007) Anti bait coimmunoprecipitation
PRKAB1. MCC. CCNA1. EIF6. TRAF6
OAT MYC Koch et al. (2007) Tandem affinity purification
OAT MAP1LC3A Behrends et al. (2010) Anti tag coimmunoprecipitation
OAT C20rf18 Stelzl et al. (2005) Two hybrid pooling approach
OAT DMWD. OTUD4 Sowa et al. (2009) Anti tag coimmunoprecipitation
OAT UBQLN4 Lim et al. (2006) Two hybrid
OAT CLK4. GLUT-4. CHEK1. NMNAT1. DDX49. PIN1. CSNK1E. Michaut et al. (2008) Interologs mapping
SIK1. CSNK1G3. HSPA6. HSP90AB1. NMNAT3
OAT MPPB Kitada S (2007)
OAT OTC. SLC25A2. SLC25A15 Vastrik et al. (2007)
OAT DIPP Vinayagam A (2011) Two hybrid
OAT ICT1/DS1 Richter R (2010) Anti tag coimmunoprecipitation
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KK K. OTC, ARG1, ARG2, ALDHI18A1, ODCI1,
ALDH4A1, ASS1, ASL, ACY1l, TBC1D25, TNF,
TLR4, SLC22A6, SLC22A8, IL2, SLC22A7. B3GATI1,
GLUD2, GLUL, SCL22A20,

A BARPEME R, TRk S4Fh AT BEFOAT A7 7E
AHEAE R 2 A T 458 ZEDAVIDFELR - &, Hs2fh
1 BTAEDAVID Hr 2 FR 2 XJ W (ID, i i:f Gene Ontology
XX S PR BT A T AAGETE R, AR S804
T, RMILAISHEA RS T 73MAF LY EiER

( biological process ) , 205 iS5 T 14F0 A [A] 14 41
JEZH1F ( cellular component ) , 27FpEE 125 T 18F0 A
[FIE5r T8 ( molecular function ) o 43F{5 5 3@ B0 Hr
2558 (K9) B I7FERFRZSYS T4 NExBf5FS
. NODFESZRAE S i KRS 2 B FIIH s R A S5 7E
N Y8/ T B (5 5 e S ad

3 it

OATH L T4 (181092611 OATHE N 4 i), L

Total RNA
A549 16HBE

28S

18S Bl 1 R EUERNARKER
Fig 1 Electrophoresis of total RNA
extracted from cell lines

[vi] Y52 D0 SR AR (9T A AE TR T, A7 AE WP ) T
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o 2w e LLRTAR (T8 UAE M s v & 1k, s
ANLRAR 5 BLA7 B OAT R [ 5t . OATHE PR 35 4% Bk
B AT S5 B0 Gt €0 AR B 38 A 0 —— ok 4 S AL 1) I B
ARZELES X T OAT MR B A IS, AT 22
SR TR A L 2 I PR s L R OG- 4
7 AR BRI B AR A M eI ST AR R -
Wil bR i & AR LR TS, OAT RIS M P &8 T R, (U2
VAR AA BT i 7R 7E MorrisJH-4H L8 H OAT Y % f 445 1
FOFE R LSRR ) OATHE IR ik s A
AL, HAT B S P B-catenind 53 % R i 411 ik
S I R 2 A R R R R, AN, BF9T IR K BLOAT
S IR 20 M 7 A 4 e (R 05 L), R I OAT, Af
AT s 224324, R anest ", i,
Miyasaka 25" 7E R FH238pu afi FFEST A S S4F T Rz 4 i
BEP2DIHATIARSMNEAL I B R B, 1ERE AL FHR1SH20

OAT Marker
A549 16HBE

actin-beta
A549 16HBE

= o=

'-1'-1 Eihl:l
& 2 OATEEPCRAEK R

Fig 2 Electrophoresis of
OAT gene PCR product

3 OATEREAERE (A) . AhARSE (B) MEEMALR (O HFAIFRIE (IHC, X400)
Fig 3 The expression of OAT in squamous lung cancer (A), adenocarcinoma (B) and adjacent non-tumor lung tissue (C) (IHC, X400)
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B 4 OATERZEMEAATFHREERLREE
Fig 4 The expression of OAT in lung cancer tissues
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Sequence length : 439

SOPMA :

Alpha helix (Bh) : | 185 is 42.14% |
3,, helix (Gg) 0 is 0.00%
Pi helix {I1) @ 0 is 0.00%
Beta bridge (Bb) : 0 is 0.00%
Extended strand (Ee) : 81 is 18.45%
Beta turn (Tt) : 45 is 10.25%
Bend region {§s) = G 95 0.00%
Random coil fce) = | 128 ix _29_;§§_
Ambigous states (?) : 0 is 0.00%
Other states : g is 0.00%
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Fig 5 The secondary structure prediction result of OAT by SOPMA
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HetPhos 2.98: predicted phosphorylation sites in Seguence
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Fig 6 The result of phosphorylation sites prediction of OAT
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Fig 7 The three-demensional structure of OAT protein
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TBC1025

&

TNFRSFLA

QSLC22AE L SLC22A86
o/ SLC22A20 SLcz2AT f_:j
S ()
Your Input: E B g E @ £
Lo HECwhm@>
@ pAT ornithine aminotransferase (gyrate atrophy) (439 aa) E £ E % g % EB_‘
{Homo sapisns) %E g &5 -.,-': E E &
- Q O O
< . : 28335852 §
Predicted Functional Partners: S977r7 7 é
8 orc ornithine carbamoyltransferase (354 aa) N s & 0,998
|8 ARG1 arginase, liver (322 aa) - 8 |0.995
|8 ARG2 arginase, type II; May play a role in the regulation of extra-urea cycle arginine metabolism an [...] (354 aa) - =(e 0,991
|® ALDH18A1 aldehyde dehydrogenase 18 family, member Al (795 aa) e e 0.979
| ODC1 ornithine decarboxylase 1 (461 aa) e s |0.976
B ALDH4A1  aldehyde dehydrogenase 4 family, member Al; Irreversible conversion of delta-1-pyrroline-5- car [...] (563 aa) |« s & |0.966
B ASS1 argininosuccinate synthetase 1 (412 aa) I # 0,958
| AL argininosuccinate lyase (464 aa) - |® |0.929
8§ ACY1 aminoacylase 1; Involved in the hydrolysis of N-acylated or N-acetylated amino acids (except L- [...] (408 aa) . 0,500
® TBC1D25 TBC1 domain family, member 25; May act as a GTPase-activating protein for Rab family protein(s) (688 aa) '# |0.806
o TNF tumar necrosis factor (TNF superfamily, member 2); Cytokine that binds to TNFRSF1A/TNFRL and TN [...] (233 aa) | |» |0.800
= TLR4 toll-like receptor 4; Cooperates with LY96 and CD14 to mediate the innate immune response to ba [...] (839 aa) |e |0.800
© SLC22A6  solute carrier family 22 (organic anion transporter), member §; Involved in the renal eliminati [...] (563 aa) | |D.786
O ELC2288  solute carrier family 22 (organic anion transporter), member &; Plays an important role in the [...] (542 aa) « 0.786
| Iz interleukin 2; Produced by T-cells in response to antigenic or mitogenic stimulation, this prot [...] (153 aa) e (0,778
0 5LC2247  solute carrier family 22 (organic anion transporter), member 7; Mediates sodium-independent mul [...] (548 aa) |® |(0.774
|8 B3GATL beta-1,3-glucuronyltransferase 1 (glucuronosyltransferase P); Involved in the biosynthesis of L [...] (334 aa) s 0,772
|8 GLUD2 glutamate dehydrogenase 2; May be involved in learning and memory reactions by increasing the t [...] (558 aa) |® |0.763
| GLUL glutamate-ammaonia ligase (glutamine synthetase); Essential for proliferation of fetal skin fibr [...] (373 aa) e 0,762
[ SLC22A20 solute carrier family 22, member 20; Organic anion transporter that mediates the uptake of estr [...] (555 aa) ls| |0.762

& 8 STRINGH#EE : OATHE(ERERHNER
Fig 8 Predicted functional partners of OAT in STRING database
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8 chart records

Sublist |

Category -i

E Download File

- RTi Genes iCourltt' Yo ‘: F-'I.I'Ilueti Benjamini ~

= KEGG_PATHWAY  Arginine and proline metabolism BT s 11 21,2 1.1E-13 6.2E-12
[ KEGG_PATHWAY  Alanine, aspartate and glutamate metabolism RT 5 9.6 24E-5 7.0E-4
[ BIOCARTA HF-kB Signaling Pathway RT = 3 5.8 14E2  4.7E-1
[l KEGG_PATHWAY  Allograft rejection RT mm 3 5.8 182 Z9e-t
| KEGG_PATHWAY  Graft-wersus-host disease RT = 3 5.8 Z2.0E-Z Z.6E-1
1 KEGG_PATHWAY  Type I diabetes mellitus RT ™ 3 5:8 Z.3B=2 Z24E-1
] BIOCARTA Catabolic Pathways for Arginine |, Histidine, Glutarnate, Glutamine, and Praoling RT = 2 3.8 45E-2 7.2E-1
[F1 KEGG_PATHWAY  MOD-like receptor signaling pathway RT = 3 5.8 4,8E-2  3.8E-1

B9 17#EHRETKEGGHBIOCARTARIREMES HSBRAMER

Fig 9 The signal pathway analysis of 17 proteins based on KEGG and BIOCARTA databases

il AT ER 3 A BV FH AR R B R R X OAT Y T
REVEATH) A5 3R . H F IS8 2R 115 A EAE A S 56 B
ARk BB R AR . WAL SRR . o
PN . FOCIRRER LR . BRCE ML, A
AT AR, SR R AR B T AR A S T
KETER, (PRSI H A E — e RO B, T 2
FROR IS M, B B 4, B KR4
IDNGATIOE L NG et/ = SR o3 o (e eRi o K 0 S SIS
B TR HURRA RN FHECA 1 7 2k T L — 1 1B %%
Flo SR AURER (A AL R4S 1T K S 00 5 14 3
fili b, AR . T RIS
R RIE T ATRRRER . AHFIT 1 3 A 2 R A
R, FEXTOATHEA T) 25 43 Mt iy St - 7ot H:
AAEAE I (1] fE 2 5 iR Y B A 5 4 il
%o Horp, TNFHITRAF6/EHF Al GEFIOAT A7 7EAH B AF
HMEA, ©125 TNF«BfG 57 S, %0 e
FI T80 P 2 IR A OG5 5 76 Sl Bk . sk, It
A REFOAT M BAEHE N ZW XA k. Mg (s
S S R A KA SRR AR . XA R T OAT
FEAVREEL S 5 2 FME 55 S, AMZENSCLCHY
RAMEIRT REELEWER, HERAMEHLAENSCLC
T AL BRI T — AN JE B

2 % X M

1 Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA Cancer J
Clin, 2011, 61(2): 69-90.

2 Spiro SG, Silvestri GA. One hundred years of lung cancer. Am J Respir Crit
Care Med, 2005, 172(5): 523-529.

3 Yang SY. The status quo, confusion and prospect of early diagnosis for lung
cancer. Xi’an Jiaotong Da Xue Xue Bao (Yi Xue Ban), 2011, 32(1): 1-5. [

10

11

12

13

14

it WA BUR L N RS B VA Sl R A (B
i), 2011, 32(1): 1-5.]

Chen G, Gharib TG, Wang H, et al. Protein profiles associated with
survival in lung adenocarcinoma. Proc Natl Acad Sci U S A, 2003, 100(23):
13537-13542.

Yu P,Bu H, Wang H, et al. Comparative study on image analysis and manual
counting of immunohistochemistry. Sheng Wu Yi Xue Gong Cheng Xue Za
Zhi, 2003, 20(2): 288-290. [T, 2%, L4, 45 Gl LA RAY IS
OIMT S N O IR R LUBETE. AR TR0, 2003, 20(2):
288-290.]

Blom N, Gammeltoft S, Brunak S. Sequence and structure-based prediction
of eukaryotic protein phosphorylation sites. ] Mol Biol, 1999, 294(S):
1351-1362.

Jensen LJ, Gupta R, Blom N, et al. Prediction of human protein function
from post-translational modifications and localization features. ] Mol Biol,
2002, 319(5): 1257-1265.

Ramesh V, Gusella JF, Shih VE. Molecular pathology of gyrate atrophy of
the choroid and retina due to ornithine aminotransferase deficiency. Mol
Biol Med, 1991, 8(1): 81-93.

Omino I, Katunuma N, Morris HP, et al. Imbalance in ornithine metabolism
in hepatomas of different growth rates as expressed in behavior of
L-ornithine: 2-oxoacid aminotransferase (ornithine transaminase, EC
2.6.1.13). Cancer Res, 1974, 34(3): 627-636.

de Rosa G, Pitot HC. Alterations in enzymes of amino acid catabolism in
livers of rats bearing the Morris 7800 hepatoma. Cancer Res, 1978, 38(4):
950-954.

Herzfeld A, Raper SM. Amino acid metabolizing enzymes in rat submaxillary
gland, normal or neoplastic, and in pancreas. Enzyme. 1976, 21(5): 471-480.
Herzfeld A, Greengard O. The effect of lymphoma and other neoplasms
on hepatic and plasma enzymes of the host rat. Cancer Res, 1977, 37(1):
231-238.

Kobayashi K, Morris HP, Katunuma N. Studies on the turnover rates of
ornithine aminotransferase in Morris hepatoma 44 and host liver. ] Biochem,
1976, 80(5): 1085-1089.

Miyasaka Y, Enomoto N, Nagayama K, et al. Analysis of differentially

] e 29 s

www.lungca.org



* 530 -

15

16

17

18

19

o iR 28 di20124E9 A 55155 59

Chin J Lung Cancer, September 2012, Vol.15, No.9

expressed genes in human hepatocellular carcinoma using suppression
subtractive hybridization. Br ] Cancer, 2001, 85(2): 228-234.

Cadoret A, Ovejero C, Terris B, et al. New targets of beta-catenin signaling
in the liver are involved in the glutamine metabolism. Oncogene, 2002,
21(54): 8293-8301.

Jariwala U, Prescott J, Jia L, et al. Identification of novel androgen receptor
target genes in prostate cancer. Mol Cancer, 2007, 6: 39.

Wang G, Shang L, Burgett AW, et al. Diazonamide toxins reveal an
unexpected function for ornithine delta-amino transferase in mitotic cell
division. Proc Natl Acad Sci USA, 2007, 104(7): 2068-2073.

Ying W, Zhang K, Qian X, et al. Proteome analysis on an early transformed
human bronchial epithelial cell line, BEP2D, after alpha-particle irradiation.
Proteomics, 2003, 3(1): 64-72.

Tonack S, Patel S, Jalali M, et al. Tetracycline-inducible protein expression

in pancreatic cancer cells: effects of CapG overexpression. World J

20

21

22

23

Gastroenterol, 2011, 17(15): 1947-1960.

Klopfleisch R, Klose P, Weise C, et al. Proteome of metastatic canine
mammary carcinomas: similarities to and differences from human breast
cancer. ] Proteome Res, 2010, 9(12): 6380-6391.

Bigot P, Mouzat K, Bourreau A, et al. Proteomics and genomics
investigations of diethylstilbestrol action on a prostate cancer cell line
22RV1. Eur Urol Suppl, 2011, 10(2): 265.

Chen G, Gharib TG, Huang CC, et al. Discordant protein and mRNA
expression in lung adenocarcinomas. Mol Cell Proteomics, 2002, 1(4):
304-313.

Gygi SP, Rochon Y, Franza BR, et al. Correlation between protein and
mRNA abundance in yeast. Mol Cell Biol, 1999, 19(3): 1720-1730.

(Yseh: 2012-06-11 f&[R]: 2012-07-26 )
(ASCgmds T

{Thoracic Cancer) #%SCI-EU§ R

2011456 H2S H, KM IEZE Fri £ 26 [ Thomson-Reuters/\ w3l 1,  FAARAESE T -5 Wiley-Blackwell

4 I Thoracic Cancer H 41 TS T A SCEE# SCI-BIR SR

Thoracic Cancer ( www.thoraciccancernet ) [20104ES H G|, M ET], KFEMiE . 8. HbEm

o A2 R R U S, R AR

IR

R CIREP I

MR ST i

TEMA TS 257 R o Thoracic Cancer BT 324 KL LRI A B B e o 15 AR 2B M o ] I 2 = e e g 15

BEphHERE .

Thoracic Cancer§f SCI-Efir 5%, FBH 1T rp [ g3l i ysg i IR . BT TAEE 2458 T FBRIE AT A AT, [5]
I, LA IR A F e B e Ok B3R 1 1] BRI T R B 5

SCI-E: Science Citation Index Expanded”ﬂlﬁk"?%ﬁk AR . TR . InRE 21502 2R N
8,000 Firfig L Sy Y22 AR A, feftse e Rs] . 2w Hids . HEAMEE il . SCRRE L& A5
SCHRINZ 25 SOk SR . SCIRIBES TR RS, 2 H T N B2 S AR ARG R R 5

] e 29 s

www.lungca.org





