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1. dg 5= ¥ YA =AY

8739
SPF (specific pathogen free) ’*EHE
2} 5ok ALSakgiT) o] 5L

of A wet E(22°0), &
Aol TS5} BHALRE ARG H AT AR 2AL
= X &8 A¥7}I&7](Varian Co. Milpitas, CA, USA)E 9]
23] 10 Gye AAl MALA 2ALE AT WALl o)
AP A ke 2T 2AF F A e nhes
b7k AF AR F AT 2ES A FH s AT

o FN

2. Apoptosise| E7}

AT A9 RE nGAd DGAAA FetAd
Fu 3t 4um AH-E THE0] hematoxylin-eosin G A-S Al
ooy Apop-Tag kit (Oncor Inc, Gaithersburg, MD)E
©]-8-3}4 terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) assayS &tith.'” o]m] Rug
apoptosis®] FE|SH2 57 whe}, vhp20) FAF A
apoptosis®] FF& H7F5A T Apoptosise] H7l= 400X
B3 fu) A stell A Aldst™, 100078 ] M E3 T Ve
apoptosis ] 4= apoptotic index (A.L)Z YENHAT 42t
o] Ale AFA 29| 3UA AFste] Higs kA
=3

3. Proteomics £4

1) 2-dimension electrophoresis  (2-DE) &t7] &
St sample =H|
Z 22 homogenizerZ &3] ¥ sample buffer$] 7 M urea,
2 M thiourea, 4% CHAPS (Bio-Rad, Hercules, CA), 1% DTT
(Sigma, St. Louis, MO), 2% bio-lyte ampholytes (pH 3-10,
Bio rad), 0.01% bromphenol blueol] WH-3-A]A Tl &S
5

_%_
stk 29 9 Fe 10,000 goll A 1417 94 B3

B =l Ao ALLE YTl 34" A=A S Bradford
Yoz v 428 e

2-DES o|n] wxe A7 whel webq Ak
@il | mgE nonlinear immobilized dry strip (pH 3-10, Bio
Rad)°l % Z 20°Col A 10,000 VHZ first
dimension electrophoresisS 3} th. 2-DE2 9~18% gradient
polyacrylamide gel AF8-3}o] 20°Col A A7|95S AT

‘231 rehydrationA] 71
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A719E F gels 40% WIEHET 5% phosphoric acidE &
et 2 H go] TduldS nPA 7L 37% HEE,
17% ammonium sulfate, 5% phosphoric acid, 0.1% Com-
massie brillaint blue G-250 (Bio rad)S &3} stain &
Yol gl d g HaAslg Tt A gelE scandl] PD Quest
2-D software (Bio rad)E ©|-23}4 imageE EAs}th

3) In gel digestion ¥ MALDI - TOFOi| 2|8t 24

ARG O)s) WE A0S Mol gel®] sporF trypsin
digestion #*]2] ¥ matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS, Micromass,
UK)olA =439t MALDI-TOFSl A =4 E  peptide?)
monoisotopic peak datat™ MS-Fit (http://prospector.ucsf.edu./
ucsfhtml3.4/msfit.htm) 2] Swiss-prot database %= NCBI database
£ o] &3l gl A QIS T} Mass tolerance &< 50
ppmol| 4 Al &} Aot

4. Western blottingE 0|28t FX=E 9| ZHAl

A 22 & | mm’e FA HEo] AAF =
(pH 7422 33] A|#3g % 100 mM HEPES, 200 mM
NaCl, 20% glycerol, 2% NP40, 2 mM EDTA, 40 mM p-
glyceraldehyde-phosphate, 2 mM sodium fluoride, 1 mM DTT,
1 mM sodium orthovanadate, 0.2 mM phenylmethylsulfonyl
fluoride, Sug/ml leupeptin, 2ug/ml aprotinin &S E &3
ZF S qoll A 1A A2ttt o] & 4°Coll A 2087 A
At ste] gEldo] gajEo] e Asds AT A

o Tuld 8B polyacrylamide gelol A 7] G FAIZ
o o1& 5% ©X
9 0.1% Tween-205 X 3§5}= Tris-buffered saline (TBST)
o 2A12F &t AEetar, E48taAt ke Zb fFriAtel o
g 12k FA = 243 ARskith. BAl TBSTE Al &8t
horseradish peroxidase”} H&E o] U&= 23 A Z 1A7F
]2]3F & ECL Western blotting detection system (Amersham,

O:

E

=
=
(s}
& nitrocellulose membrane .2 ©]F A Z)

UK)< A}-8-3}¢] luminescent image analyzer (Fuji film, Japan)
2 band® FTHES ARSI T FFY Wb den-
sitometry (Amersham, UK)E ©] &3} v‘i‘@] ATk AbgE
&A= Bel-Xys (BD Biosciences, San Diego, CA, USA),
Bcl-2, Bax, cytochrome c (N-19, Santa Cruz Biotechnology,
Santa Cruz, CA, USA), peroxiredoxin (gift from Dr. Cha ), a
- Tubulin (Oncogene Science, Manhasset, NY) 522 A§2+3]
Wb FARE BEE AEHAT
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Mol 2|8t Apoptosis 2 &

N
o

hematoxylin-eosin¥} TUNELS. 2 Z}z} ¢ 24 gh

A Control

Liver

Spleen [}

Liver

apoptosis®] )2 5o whe} 400 X B3 #w] A s}l
A apoptosis®] +F& H 7159 th(Fig. 1). TUNEL H+-g-o|
okAel dlo Ao AMoz AMEo] FAF M| E L FRO
zH =lom WA A = apoptosis7t F7HE| A THFig.
1B). 10 Gy WAM ZAF & 202 v Hlg)] Fddoz
apoptosis®] a7t #RHIAT. B ZHAAME 353+

Fig. 1. Histology and immunohistology of untreated tissues and irradiated spleen and
liver of C3H/HeJ] mice. (A) hematoxylin- eosin staining (a-d), (B) TUNEL for detection
of apoptosis (e-h). Magnification, x400. Arrow indicated apoptosis cells.
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1.7%°]3 +Z% 0.6£0.2%% apoptosis’} Fo]Z o2 7}

3= Ao Z Y th(Fig. 1, p<0.05).

C3H/HeJ liver control

L3

- *»

Cytochrome C

Control

Peroxiredoxin VI

Cytochrome C

Fig. 2. 2-DE images of master gel visualized by Coomassie blue staining in control and irradiated

spleen tissues.

C3H/HeJ liver 8RT

Table 1. Oxidative Stress—Related Proteins that Exhibited Expression between Liver and Spleen after Radiation Treatment

: Tissues with Different Radiosensitivity

Protein name Cilr)}flr{lT C(frl\‘f;{T Coverage (%) MW/pl Accession code
Gluthathione S transferase P1 - Up 38 23,537/7.7 P46425
Gluthathione S transferase P2 - Up 35 23,609/7.7 P19157
Peroxiredoxin VI - Up 30 21898/9.1 6755114
NADH dehydrogenase - Up 20 51,551/7.4 1334705
Carbonic anhydrase - Up 30 29,239/6.5 12834481
RIKEN ¢DNA Up Up 25 17181/4.6 13385208
Stress-induced phosphoprotein 1 Up 20 62640/6.4 P31948
Delta-1-pyrroline-5-carboxylate dehydrogenase Up 16 61752/8.2 P30038
Heat shock protein 1A Up 21 70550/5.9 P55063

Up represent: Up-regulated: 3 fold increased after radiation treatment
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e
g 2

A E gelol A 2tz 800~10070 2] spot7} &
I PDQUEST programs 3 A7 153 A =
G g By zpols 32 EAHAY FdY Aol &
= 287} spotE trypsing ©]-8&3}4] digestion 2|3}, ©]
£ MALDI-TOF & £X47]|2 =% ¥ peptide®] mass data
£ MS-Fit®] NCBI databasecl| 4] T84S 815} thFig. 2).

Apoptosis indexZ Zol| A H5= B]F o] H]sjA HALA U
4 Z2AQ A s AR A F 28709 duld o) Iy
o] M3lE Helom, 1 FoA 24709 duide FItEA
O 479 Gl F e WAl 2AL & A4S olE ©
WAL Gtype BT A ROS hAle] #EE chil A 1
Al cycledl] #AE geidE LR AT 53] ROSHAN #

o
—=

C3H/HeJ-spleen control

5 *

Control

Bcl 2

Cytochrome ¢

Tumor necrosis
factor inducible
protein

80

507

204

ozl ©MAZ glutathione S transferase Pi (GSTP)$}
carbonic anhydrase®} NADH dehydrogenase$} peroxiredoxin VI
(Prx VD)9} Riken cDNAT WA FAF & Z7F AT
(Table 1). Fig. 20 M redox #&d @ A<l Prx VI2] wH&
of HAMA AHE ¥ FUME S Eo FAT Eg
Western blotting 2 Z}o] A = Prx VIS] ¥ o] proteomicZ 2}
o} A HS FRIsAThFig. 4A).

3 H|FOAM LA ZAL & Lol WSS Ho|= T

Apoptosis indexl| Al B]Z-2 Zhell vls| WAMd o] F17hgh
X202 WA M7 HEE g dS 2D AUYE
S S A A 7 2F o HlsiA 3uf o] Ed

C3H/HeJ-spleen 8RT

8RT

Fig. 3. 2-DE images of master gel visualized by Coomassie blue staining in control and irradiated

liver tissues.
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Table 2. Apoptosis Related Proteins that Exhibited Expression between Liver and Spleen after Radiation Treatment

Protein name Spleen Con—RT Liver Con—RT Coverage (%) MW/pl Accession code
Cytochrome ¢ oxidase Up Up 45 13,695/9.3 2144362
M-calpain Down - 20 37,809/4.7 P43367
Bcl-2- related protein Al Up - 31 19,914/5.2 Q07440
CD59A glycoprotein precusor Up - 17 13648/7.5 055186
Bel 212 protein Up - 34 19,119/6.9 25955645
Iodothyronine deiodinase Up - 13 31,070/7.6 4009517
Fas antigen Up - 23 36,103/6.6 4996371
Tumor necrosis factor-inducible Up ) 31 31,232/6.5 1351315

protein TSG-6 precursor

Up represent: Up-regulated 3 fold increased after radiation treatment, Down represent: Down-regulated 3 fold decreased after radiation

treatment

Table 3. List of Proteins Showing Similar Patten of Change
in Spleen and Liver Tissues after Radiation Treatment

Changed

Protein name in Cov;e "8 MW/ pl Accession
(%) code
pattern

Cytochrome ¢ oxidase Up 45 13,695/9.3 2144362
RiKen cDNA Up 25 17,181/4.6 13385208
Imunoglobuline kappa

light chain variable Up 4 9538/8.0 11137493

region
Imunoglobuline heavey

chain variable region Up 50  9552/8.9 11137493
Imunoglobuline heavey

chain variable region Up 53 13,606/6.9 4530543

olN

7S ®Ql spote= 60709 T AR

TOFE =74 A3 A3}7 stressol] THEE &

o Ty wmA AE Ado FHH T,
GR

8ol 3ttt MALDI-

-

cell cycle, Ca signal, tHA} cycleol] &
XA & BEe] WelE Hel dEE 9l
2 Foll A AEHA stressoll W

phosphoprotein 13} riken cDNA$} 1 heat shock protein
1A So] Aoz WA AL F "ol F7HEAT
(Table 1). 7t3} 8] %2 5o A cytochrome c9} ™
Hg-o] #EE @Al immunoglobuline 0] WA X

AF & FLEA 2EE AL 15 Th(Table 3).

ACAa)

4 YA ZAL 3 S BN Cf2A| LHE Cem

A Liver

Prx VI

Cytochrome ¢

Bal X, -

Bcl-2

a-Tubulin

B Spleen

Bax

Cytochrome c

Bel X,

Bcl-2

o-Tubulin

Fig. 4. Protein expression of irradiated liver and spleen tissue
and normal tissue by Western blot analysis.

F cytochrome c2] TS 2918} Ch(Table 2, Fig. 2).
B WAl 93 FEHE apoptosis FEC] T MG
FAoll A= apoptosis®] #HE @A FolA cytochrome c,
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iodothyronine deiodinase, CDS9A glycoprotein precursor’™ 2
2, fas antigen, tumor necrosis factor-inducible protein TSG-6
precursor THEl A o] WA AL & W o] F7F HAT 1

2] p53 inhibitorQ! M-calpaine WFARA FAL & dbE kA

O

o] & He AL Fel Aok T3 v 2HAANE
Bcl-29] oA ©@huld o] wrE@E o] WA ZAF & FT)
B 1A TH(Table 2).

Proteomics®l| 4] Q1 ¥ apoptosis TH T Aol WEH S
Western blotting®. 2 18t A1} cytochrome c= 7F X4
A WA ZAF & BFo] Frletou v
APA o 98k HalE Aust At} E3F Bel-29] HE L v

A WA 24 F Baxe] ol F7hs4 ot Belx %
Bel-29] el Wahs ol SsrhFig. 4)

ot AR

WAL O ofgk A 2R &3 digk 71E AT W
< FRA 7 W E FAAY F2F SHY, f149
RNA R dFFA AAHoz gotd & e 7135 A
TeHoy HFHoz gAY dulde] RdeF
AL 119 Bz BAE AAHOZ 9o F gle DAl
Atk B AFA A= proteomicsE 2] &8t WA T4
Ae s 9ds g, gelste] dde] g8
T o5 2t AT BAE FHEATh

B AT C3H/MHel vH¢2 T RAoA 227 i
A FEFES G 2 v 2o A ALY A}
% 7+ 2F 9l B3| A apoptosis & G| EURTE AR
e AR, 24 S5 e 24 YeigA 4
o & AT ZHAE apoptosis = ol wheka] WAL
A Aol b2 A Yehde 74°i Holr FY Al
A 227 AR el eS8 & Atk oA
S 9 dAF AFeA “o“}*jfﬂl N xdg

C57BL/6] vh-¢-2=8} WARd o] WA o] & C3H/Hel H¢-2~
o A HIALA ZFA Y ZolE ISP HHALA A
of o] el T MANAN 2Hritt FHHE s FA
T 7t 2o A 13 Aol YAt

WAL o] 9] 8 apoptosis A1E 7142 Fas/Fas-ligand,”
sphingomyelin/ceramide A=, %7] W@z 2y »
caspasel| cysteine protease'®} TNF-ao]'” o3& &%

Aot E_Tlilﬁ ATk A AFo| A= apoptosis THFH
A S gl A9 F 2H A= ps3, Bel-X.
Bax®| o] F7tEloY It AN E F3 4=l

A 2718 G4 2RE B T o] 2e AT
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Aol A B WA A Abol = apoptosis 7 EF
of &y oo osix AAEHE= FOE HRITH
2 HEZ=golo] Wy
u} Alolol] A3} respiratory chainol| A 2] Mz} MgA} 4
&S #8849 apoptosis signal pathwayoll & A2
2 WZ9 cytochrome ci caspapase cascadeS A=A 7
apoptosisE® o7ty HuEUt” B AFAME cyto-
chrome c¢o] @ o] WA AL F HIZH 3+ 2N F
7} E 3L Western blottingd Zol| M= 22 31]'% e
o) o] AL WALA ol 2% apoptosisoll A FL3 QAR F
L3l Ao E HY.

Bcl-2 @ A7 = anti-apoptosis Q1AHS1 bel-29} bel-X 2}
pro-apoptosis 21 A1 Bel-Xs, Bad 9} Bax 52 7FA 1 it}

£3] cytochrome c= A48 0

20). & 9 AT AAA ¥ 2F 9 Bel2& WA %
Al F IAIZE A = A WS I 2/ R ST
3FF A 8AIZEN A H 3 1.58]9] bel29] FUHE B & A
3 Zo B AFN® Bl

Bel2e H=A €43t A=
O] AL apoptosis AAAZ o] &H HALZ B 4 Ut} T3l
HIG 2ol A WARY A2 9 proteomics Ao A=
Bel-29] o] A So] WA o5 Wo] FItE Fow
Ho} Bel-2 Al%E <% Bel-Xs, Bax 5°] cytochrome c2] ¥Z o
o e AL Z HAZY., = apoptosis A& o] U
Ue ZeE B F Ao

2 A Ao A tumor necrosis factor-inducible protein
TSG-6 precursor THall o] WAL ol ofsf o] F7hE Y
o} o] AL WAA O] 2]3] TNF-a7} free radicalS ¥4 35}
o AXE 548 YElY radiosensitive &5 7120 B
aol A K wpe} o] xZAzke) WAl WA R #A
T Atk E3H CD 952+ 4 A QU= fas ¥ fas ligand
apoptosis A& E AL} activated-induced cell death®]
Agag 48 do? B AF Atz wAbd 9 =
Z]o] A fas antigen®] W&@o] WALY A § F7F € G
< Ho FUth

I8y M-calpaine WAMA ZAF & 74 Z2PE HA

Fth o] RS Ca™-dependent cysteine proteasesZ] & UE
© 2 apoptosis AT HAGANA p53e] A4S JAIST B
i 3 TH? Mecalpain ZHAE p53 849 2712 45 A
3 Ul apoptosis =5 X WA S SUHATE

Ao Z HQlY,

(
-

fr

2 AddA e BAR W7 23R v AT AR
ZAF % apoptosis B TUde] Wt FEHAA Y
B RHE, AR A 2 AR Pl A e AR A &
Akgl 39 Wkgo] Bojste vld W FEyRg. &
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Abstract

Proteomics of Protein Expression Profiling in
Tissues with Different Radiosensitivity

Jeung Hee An, Ph.D., Jiyoung Kim, M.S. and Jinsil Seong, M.D., Ph.D.

Department of Radiation Oncology, Yonsei University College of Medicine
Brain Korea 21 Project for Medical Science, Yonsei University College of Medicine Seoul, Korea

Purpose: The purpose of this study was to identify Radiosensitivity of proteins in tissues with different
radiosensitivity.

Materials and Methods: C3H/Hed mice were exposed to 10 Gy. The mice were sacrifiud 8 hrs after
radiation. Their spleen and liver tissues were collected and analyzed histologicaly for apoptosis. The
expressions of radiosusceptibility protein were analyzed by 2-dimensional electrophoresis and matrix-assisted
laser desorption ionization time-of-flight mass spectrometry.

Results: The peak of apoptosis levels were 35.3£1.7% in spleen and 0.6+0.2% in liver at 8 hrs after
radiation. Liver, radioresistant tissues, showed that the levels of ROS metabolism related to proteins such as
cytochromm c, glutathione S transferase, NADH dehydrogenase, riken cDNA and peroxiredoxin VI increased
after radiation. The expression of cytochrome c increased significantly in spleen and liver tissues after radiation.
In spleen, radiosensitivity tissue, the identified proteins showed a significantly quantitative alteration following
radiation. It was categorized as signal transduction, apoptosis, cytokine, Ca signal related protein, stress-related
protein, cytoskeletal regulation, ROS metabolism, and others.

Conclusion: Differences of radiation-induced apoptosis by tissues specifted were coupled with the induction of
related radiosensitivity and radioresistant proteins. The result suggests that apoptosis relate protein and redox
proteins play important roles in this radiosusceptibility.

Key Words: Radiation, Proteomics, Apoptosis, Radiosusceptibility
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