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Abstract

QR-32 cells are unable to grow in normal C57BL/6 mice when injected s.c. (1X10° cellks),.
whereas they grow lethal and are converted to malignant tumor after co-implantation with a
foreign body, i. e., gelatin sponge, through mediation of the foreign-body-induced inflammation.
Rat manganese superoxide dismutase (MnSOD) cDNA was transfected into a clonal mouse
fibrosalcoma cell line, QR-32, to examine suppressive effects of such antioxidative enzyme on
inflammatory-cell-mediated tumor progression. MnSOD overexpressing clones (QR-32SOD-23
and 24) were analyzed for their ability to convert the phenotype to malignant tumors in
comparison to control vector-transfected cells (QR-32 neo) and wild type QR-32 cells. QR-
3250D-23 cells and QR-32SOD-24 cells had 2.2 and 1.8-fold increases in MnSOD activity,
respectively, as compared to QR-32 neo cells. A similar increase was observed in MnSOD
immunoreactive protein level by Western blotting using rat MnSOD specific antibody. The
effect of MnSOD overexpression on the cell phenotype was determined by co-implantation of
the tumor cells with gelatin sponge into C57BL/6 mice. Both QR-32 cells and QR-32 neo cells

wich had been co-implanted with gelatin sponge grew progressively in seven out of ten animals.
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On the other hand, both QR-32SOD-23 cells and QR-32S0D-24 cells grew progressively in two

out of ten animals (p<<0.05). All of the cell lines established from the tumor which had arisen

in mice were converted to malignant ones. These results suggest that inflammatory-cell-

mediated tumor progression of QR-32 cells is accelerated by active oxygen species and that

such tumor progession is prevented by the induction of antioxidative enzyme MnSOD in tumor

cells.
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MBEIZ IZmanganese superoxide dismutase
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%5 LWZ E®in vitro, in vivo DEEBRTHE
LT3, Fiz, HROQREMEy o —
VR AWIERTIE, MENOTELERD S
HRICMnSODOEHE L B bER 2K I
FEENHHET 2 ZERENTWS, T4b
H, MnSODED A WQR-327 v — > &l
ZHERVA S B LER 2 R T 208, #i
MnSODEDZ:QR-297 v — »VEMIIE TIXE
MEERICOS L TEFIRETH S Z EPRENT
V518,

£ 2T, EEBFEIQ REMILOEBEER
DERTH S Z L, BLUEMBENOTIE R
FOEMCERARICB T 2RELHS LT
% 7z I MnSODEE T % QR-325&EM g 12 H A
LBAFEIRFEIE, CNBEIFTF AR TV ED
[FEREE TR & - TR Z 2 B ERICRIZ
-2 Xl CARONAS

M FiE

1. &%

SLC (&) LvEEAL, SPFEBRECTH
BHLT7T~108% D »x AC57TBL/6% 7 X % Fi
Wiz,

2. #mRa

C57BL/6~ 7 A ®3-Methylcholanthrene &%
HIGHENEBMT-1108%# 7 u— 1 9 % quer-
cetin (554 M, 48KFfH]) LR, Hr7u—=7
U TR L 7-QR-32%&MIfE B & U'QR-29& e
2RV, 205 Q RIEMILEEREEMSES,
FR~7 2122 X1 TBEL 58 26H
RIBNET 208, EHRIEST O RE 2 G L 2=
7 A T BEEHIETE % R 971219

3. EERHG
Q RIEMALIZ10% 7 v BEfFIE (56°C, 304
W2 TARIEIR), L-glutamine (292.3mg. 1) &

teEagle’s minimum essential medium (MEM)

Bz 737°C, 5%C 0,, 95%airse{F T Tk
MEREL 720

4. invitrolZ &1 3 HBREDEFEM

FEMRE 2 10cmigEY v — Vv 1B Y 1 X
10°fEc FR%E U FECES R R TRIE L -, 5558 H
&5 HME, BREMC 1Y vy—Vvbizh OM
Fash » EE UM ot 2 B L,

5. MIRRADBIE L B

I—F VBRI~ 7 AFERE FI1210X 5 X
3mmDE¥ I F U ARYY (UZ2NEE, HR)
ERETBAL, ZO¥IF ARy INIHER
fa (1 x105(8) 2BHEL 7o % DRI K
THEEOREYEEL 2,

6. IBEHKOBIL L ERILERDHIE
L S F U AR Y RRERE TBREL
T21HHEIZ, B T &7 EEr EE I HEH
L, EMEMEMEZIAN THITIL 72, &M%
H—X THEBL 21, KRIMEE170mM  Tris-
NH,Cl pH7. 2408 2 TR L 720 EIMIEMEM
Bz C 3 El ¥R DM B 5 X105 5
1 X108,/ mlic TR U s E & TREEL
726

BB R0~ 4 HEEEE L 12, Fich
° A 2 X10E B T RAE U K T IETE &
BTz, 272, 1 X 10vEREIRPIRHE L21H
HicREEY = BR UEBRO 2 0 =—H %
B LT, B OM5E S HQR - 32554
R0 K& T HETERE % 7z X BHIERERE & LR L, &5
SHh—ATHLERICHEEL Tnwa b0 EMEL
EEREZEILLZDDEHELR,

1. MnSODRIR~N I 7 — DR
rat MnSOD cDNAIZpSP65DEcoRI sitell
AR E N TRIEREAOEZE L L Dt
S5 %2R L, pSP65% FlfREESREcoRIIZ
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Fig. 1 pDGL-SOD ; rat MnSOD expression vector

THLH Urat MnSOD cDNA flagment % [AlY L
720 5 & f7zrat MnSOD cDN A % multicloning
sitex & D77 A % NpBluescript II ks-®
EcoRI sitelcflAAATZ, HIFREESRPst 1 JLEH
IZ & Y rat MnSOD cDNA®#E A 5[ % iR
#, pBluescript II ks-& Y Bam HI, Sal I
IZ Trat MnSOD cDNA flagmentZ¥] 0 H L,
JCHERFEREEHE T L V5220 7 FIR
N7 % —pDGL®Bam HI1, Sal I sitelcfiA
LIEBIL 72 (Fig. 1),

8. BIEFNEA

LR TIERIL 7o MnSODFIEAR 7 4 —
BXURE~NY 7 —0 & % lipofectiniE?Z T
QR-32%&Mf I B AL, G418 (800ug/ ml) &
BMEME: I T 2 BREEEE L X7 ¥ —EAM
fa %8R L7z, # D%, limiting dilutionik iz &
D single cell cloning %17\ >MnSODF R R 7
g —HA 70— EHlE LN Y —DHD
BAZ0— T,

9. MnSOD, GPx, Cu, ZnSODZEHM#KH
By v — LV X D2 EIN L P B ST

3 [EPEEE, JEMEL%E 5 X105,/ mIDEE L &
% £ 5 SDS loading bufferic¥&##, ke T 1
53 DsonicationD#&, 15,000[8#z, 4°C, 1553
i, 0L EE#EBIXL, cell lysatek L7z, ¥
7NV EISC, 5 AarRALE I TEM, polya-
crylamide gel (stacking gel-4%, separating
gel-12%) W THBEL 7220, DBl - ER %
nitrocellulose membrane (Bio-Rad) iZ#5.4%,
4°C, 7%, blocking buffer (0.1% Tween20
/PBS containing 3% BSA) 2 T7uy ¥
7' U7zo Tween-PBSIZ T 5 [E#E##E, —X¥
A2 (rabbit anti rat MnSOD IgG, rabbit anti
rat Cu, ZnSOD IgG, rabbit anti human GPx
IgG) I CHLEE (529, 18RRI L, Tween-PBS
TS5 EVEE L7, 2 D%, FiiC T 1R,
ZR¥ifkgoat anti rabbit IgG peroxdase con-
jugate!Z THLFE L, enhanced
cence (ECL) detection system (Amersham,
RPN3004, UK.) K THERDEHEBERHB L2,
£7z, Z DR %Densitometor (7~ —fkAS&
#, WE) wTHEL, &Rl iz,

chemilumines-
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10. MnSOD;EMDBIE

0.5~1.0X 10"E DR EMIL 2 2001P B S i
W L, BOERLRE 5 IR DR L 721&, 3,000E
5, 4°C, 1047f, #®OL EEZERLY 7
Ve LTz, 7% 5mM NaCNIiZ T 1 Frfd
ALEE L, nitroblue tetrazolium (NBT) #*1Z
THE LTz Y IVOBREARIZLowryiE?®
W THIE L 72,

11, MnSODBIZFEADHER

rat MnSODEBEEZFHA DML X EEOD
Reverse transcription-polymerase chain reac-
tion (RT-PCR) ®EZHWTITo 7z,

B #EM K X b TRIzol ® Reagent (LIFE
TECHNOLOGIES™) % Fw»Total RNA %
H LU 7%, 5pug total RNAX D 75mM potas-
sium chloride, 50mM Tris-HCI(pH8.3), 3mM
magnesium chloride, 10mM dithiothereitol,
0.5mM each dNTP, 2 ug,/ml
primer, 1000U MNLYV reverse transcriptase

(Gibco, MD, USA) % & DR &S0 1D KIGHK
2 C37°C, 1 RERR LDNAR B LTz 2D
B & 72 cDNA % & L IRS¥ 5 ul, 50mM
potassium chloride, 10mM Tris-HCl (pH
9.0), 2.5mM magnesium chloride, 0.1%
Triton X-100, 200mM each dNTP, 1U Taq
polymerase (Gibco BRL, MD, USA), 10mM
each specific primer % & & &E50u10D KIS
%thermal cycleriZ 725 cycle(94°C 143, 60°C
143, 72°C243) KIS & ¥rat MnSOD cDNA
B & U'mouse B-actin cDNAZFIEL 7z, rat
MnSOD primaeriZ ¥ 5’ primer: 5’—ACTG-
GGCCCCGCGGCCAGTACCC, 3~
5’—CGTTTGATACATAGAAACCG %,
mouse B-actin primeriZiX 5’ primer: 5’ —
AGGGAAATCGTGCGTGCGTGACAT-
CAAA, 3’ primer: 5’—ACTCATCGTACT-
CCTGCTTGCTGAZ MWz,

random

primer :

BEIE L 7zrat  MnSOD c¢DNAB X U'mouse
B-actin cDNA% & KIS 1 x1% gel roading
buffer & $£12 1 %7 4 11— A 7 Vi TERIKED
L, ethidium bromide & THELI,

12. #Etnig

MnSOD#E M 12 Student thE % F> 72, £ 72,
Q REMIE O EMLERE DMEIX xR E % H
Wiz,

5 S

1. QREMIEOEMHILER & MR
REDAE

AR W 72 QR-325EME & QR-295F M
DEMALEROEE L BN IiRERE DY
REERT 272012, QR-32EMIES L U'QR-
205N ¥ T F ARy Y L RICHEEE TR
MUEEEE2BE T2 b, MERNO
MnSODEHEB X UGPxEHE R HIE L /2,
QR-32EMIEE €5 F > ARV Y L HICFEIREK
TRHEL:E 22106804 761 (70%) O~ X
B EED SNz hs, QR-29EMINE TiX
1060 16 (10%) D=7 A2 Lo EEHEhEIT
FHohipol: (Table 1), & 512, #EHEL
TEIEMROEREEOEEOERLEHE T
%7 WQR-32EMATEBME L 72 7L (QR32
sP), QR-29%EMIfLEEAE L 72 1 IS (QR29sP)
LD &2 EEEMIRIRR R B L, ZhEHTR
EFE~ 7 ACEME THRED U IZEHIRNE

Table 1 Growth of QR clones in syngeneic C57BL/6
mice after co-implantation with gelatin

sponge
. Tumorigenicity?®
Cell 1
mnes Taken/used %
QR-32 7/10 70.0
QR-29 1/10* 10.0

a, QR-clone cells (1X10% were subcutaneously im-
planted with gelatin sponge.
*p<0.05 versus QR-32
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gelatin sponge in C57BL/6 mice

Table 2 Progression of QR clones during in vivo growth after co-implantation with

Incidence of tumorigenicity

Subcutaneous C
. . . Intravenous injection® .
Cell lines? implantation® (No. of colonies per lung) Progression
(Died/used) : E
QR-32 0/15 1/16
QR32sP-1 4/5* 2/5 (1,1) +
QR32sP-2 4/5* 3/5%(2,2,12) +
QR32sP-3 3/5* 5/5*(3,4,4,4,15) +
QR32sP-4 1/5 4/5*(1,1,3,3) +
QR32sP-5 1/5 5/5*(1,3,5,10,20) +
QR32sP-6 1/5 3/5%(1,1,3) +
QR32sP-7 1/5 4/5%(2,6,22,28) +
QR-29 0/5 0/5
QR29sP-1 1/5 4/5**(1,1,1,4) +

a.1XxX10°QR-32 cells were subcutaneously implanted with gelatin sponge. The resul-
tant tumors were cultured separately and named QR32sP-1 to QR32sP-7. 1x10°
QR-29 cells were subcutaneously implanted with gelatin sponge. The resultant
tumor was cultured separately and named QR29sP-1.

b. Normal mice were subcutaneously implanted with 2X10° QRsP cells or QR clone

cells.

c. Normal mice were intravenously injected with 1X10° QRsP cells or QR clone cells.
twenty one days later, the mice were killed and the metastatic nodules on the
surface of lung were counted. Each value represents the number of colonies per

mouse.

* . p<0.05 versus QR-32**; p<0.05 versus QR-29

T L 720 FRERQR-32FEMIFZ D K T 8 & Ul
BEICEERT 7 R DQR32sPH 5 3 % (QR32sP

Table 3 Relative amounts of MnSOD and GPx in
QR clones

Relative amounts of protein?®

-1, 2, 3) THETHEMOEREE®RSRE S, Cell lines MnSOD GPx
QR32sP-1LIA D 6 R Tl HEEEDH B o 1g QR-32 1.0 1.0
QR-29 1.8 3.0

BBERZE I Tz, 72, QR29sP-113, ffiskEsE
DEERMBEERL T, Thbb,QR-32
FEMRE, QR-29EMIfLE bic ¥ T F VAR Y
ERTRAET 5 &, BEEOHBEEITIQR-29%
M TERIELS (p<0.05), BIEL Tz
M PR L ER 2 BB L Tnws 2 e
53> 7z (Table 2),

QR-328 £ U'QR-29EMALN O MnSOD B X
U'GPx & % Western Blottihgiﬁ W CTHIZE L7z
&£ 25, QR-29%EMAE D MnSODE IZQR-32¥&
Mg e L T1.8f5, £7:GPx&IX 35T
®-7: (Table 3),

DEo#R LD, QREMENOTEILESE

a. Amounts of MnSOD and GPx protein were esti-
mated by Western blotting with antibody to each
protein.

2 BN ER O HBEHEE ICYEEOH 5 2 &
7\’)3‘6@%}}33 nﬁfo

2. MnSODRIR~Z ¥ —FA 20— EHE
MnSODF#E R 7 ¥ — %lipofectini% iZ TQR-
S2FEMIMTICE A L, G418 (800ug./ ml) &F
MEMEE#IC T 2 BEfERE#E#, limiting dilution
IZ & D single cell cloning %17\ >MnSODFHFEN
7 ¥ —HAJEMR (QR-32S0OD) #4827 u—>
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Western blot analysis of Mn SOD in QR-32 transfectants. Cellular protien

were prepared and separated by SDS electrophoresis and immunoblotted by

the Western method as described in Materials and Methods.

Lane 1

contained wild type QR-32 cells; Lane 2 contained the plasmid control cells
QR32neo ; Lane 3, 4 contained the MnSOD transferctants QR-3250D-23, 24 ;

Lane 5 contained QR-29 cells.
cells/ml cell-lysate.

Bize £72, FRRICRZ Y —DADHEA T 10—
VREMIRY (QR-32ne0) &7,

3. MnSODE®IR 7 0 — EHEDiER

B N7248% DQR-32SOD 7 v — > O F1 >

5MnSODD EHFH 7 v — > % Western blot-

tingikic X D BIR U720 2 DHEER, QR-32SOD

-23 B X 'QR-32SOD-240 2 7 u—> % 1§

2o TD 27 u—rOMENMISODEH H#H

i, B ERZEC THEEDEVLQR-29%

HilEOZN EIZIZEIRE E THEBI ATV
(Fig. 2)o

4, MnSODEER I/ o—EMEBICHE T3

MnSOD;EH# DRI E

QR-324E # k3, QR-32neo & i fd, QR-32
SOD-23& ML B & O*QR-32S0OD-24¥% #fl i D
MnSOD#EH: 2 NBTHIZ £ - THIE L 72, QR
-32SOD-233&MIfE B & U'QR-32SOD-24%E i el
@ MnSOD¥E ¥ 13 QR-325E M iZ B & ' QR-32
neofEMIfE D Z N LI L TR 2 B LERICE
WEZRL (p<0.05) MnSODDEHE G
T2EERLTWE (Fig.3),

Each lane was loaded with 30ul of 5%X10°

5. MnSOD mRNAMDHFIR

QR-32¥EME, QR-32neodEMiAT, QR-32SOD
-23% M K B X F QR-32SOD-247% #i g @
MnSOD mRNA®D IR % RT-PCRE I THER
U720 QR-325EMIAE, QR-32 neof#Eflifdic idrat
Mn-SOD mRNADFEIR IR O o e o7z
3, QR-32SOD-23JEHfE B & 'QR-32SOD-24
JEMIRE Cldrat MnSOD mRNADFRIFED &
iz, 7z, MR L 72 Amouse B-actin mRNA
DOFF T IOBHED FABECHEEINT
wiz (Fig. 4),

6. /nvitrolZ¥ |} 3 EHEERDIETE M

- QR-32¥EHHAE, QR-32neo@EMlE, QR-32SOD
—23%?&5} fd B & U QR-32SOD-24%% #l fd @ in
vitro W 3B 1) % FERINE D ETEME 2 RES L7z Z O
fEE, QR-32/EMAE, QR-32neofEHlifE, QR-32
SOD-23¥E Mg 8 £ U'QR-32SOD-24%& M i D
in vitro B HEIERHICEREREZRT D SN
T, BEFHEAC L 2EEEORIBEE S
otz (Fig. 5)o
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Mn-SOD activities (U/mg)

Fig. 3

Fig. 4

Kazumoto NAKALMnSOD suppresses tumor progression
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MnSOD activities in QR-32 transfectants. MnSOD activity was measured by
the NBT method described in Materials and Methods.
*; p<0.05 versus QR-32neo

Detection of rat MnSOD mRNA expression in QR-32 transfectants by RT-
PCR assay. RNA preparation and RT-PCR assay were performed as de-
scribed in Materials and Methods. Lane 1, 2 contained the MnSOD trans-
fectants QR-32S0D-23, 24, respectively ; Lane 3 contained wild type QR-32
cells ; Lane 4 contained the plasmid control cells, QR-32neo.
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Cell number per dish (x10 5)

1 —{— QR-32neo ;
504 ~--@-- QR-32S0D-23 i
--A-  QR-32S0D -24 i

Fig. 5

1. BHBOESF L ARy EORBETE
I & 3 EEREORKRET

QR-32JEMIE, B X 'QR-32neofE i id ¥
TFVARYY EDEKTBHICLD 20T
10605 7 81 (70%) THEE DIEGE %R B D 123,
MnSODE %, 7 1 — > QR-32SOD- 23 i,
QR-32SOD-247EMfa T, Fh Zn106+ 2
Bl (20%) WL EEEELZED L roT,
MnSODEHRIZ LD ETF U AR Y LD
R TR CIEE S N 2 EEREOEEIER
W (p<0.05) il & s 2 LRSI (Table
4),

8. L -EABROEHLER DR

QR-32%EHHE, QR-32neof@E i, QR-32SOD
-23FEMI R B & U'QR-32SOD-245& i fid % ¥ &
FURARYY LR TBHEEICEEL TS 7
[EE o Btk ez L, EH~ Y X

Days

In vitro growth curves of QR-32 transfectants. QR-32, QR-32neo, QR-32S50D-
23 and QR-32S0D-24 cells were plated in 100mm culture dish (1 X 10° per dish)
in MEM. Cells were cultured in a 37°C incubator. Cells were trypsinized and
resuspended in MEM. Cell number per dish was counted.

Table 4 Growth of QR-32 transfectants in
syngeneic C57BL/6 mice after co-
implantation with gelatin sponge

Tumorigenicity?

Cell lines Taken/used %

QR-32 7/10 70.0
QR-32neo 7/10 70.0
QR-32S0D-23 2/10* 20.0
QR-32S0D-24 2/10* 20.0

a.QR-clone cells (1X10° were subcutaneously im-
planted with gelatin sponge.
* . p<0.05 versus QR-32neo

BT E L CRBIRNBAE L, HBIEL 2R
R D EMACER 28R U7z, QR-32&EMf & ¥
FF ARV Y L OREFE TRAERICHEEL T
xIEE»OBLEMBETRIZ 2R
(QRsP-1, 7) T THEED, 6% (QRsP-2,
3, 4, 5, 6, 7) CHRBREOHRELEMIEE S
N, BEEFKRT LI THEGERE, EEBEED L
FThp—HBERI N TV 3 b 02 EE LR
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Table 5 Progression of QR-32 transfectants during in vivo growth after co-implantation
with gelatin sponge in C57BL/6 mice

Incidence of tumorigenicity

Subcutaneous T
Cell lines® implantation® Intravenous n jection Progression
(Died/used) (No. of colonies per lung)
QR-32 0/15 1/16 —
QRsP-1 3/5% 2/5 (1,2) +
QRsP-2 2/5 5/5%(2,5,12,23, >150) +
QRsP-3 2/5 4/5*(3,4,6,>150) +
QRsP-4 1/5 4/5%(3,8,10, >150) +
QRsP-5 0/5 5/5*(2,5,10,17, >150) +
QRsP-6 1/5 3/5*(2,7,23) +
QRsP-7 4/5* 5/5%(24,42, >150, >150, >150) +
total 13/35 28/35 7/7
QRneosp-1 4/5* 5/5%(4,7,17,23, >150) +
QRneosp-2 0/5 3/5%(5,22,43) +
QRneosp-3 2/5 5/5*(8,14,32, >150, >150) +
QRneosp-4 4/5* 1/5 (3) +
QRneosp-5 2/5 4/5* (8,44, >150, >150) +
QRneosp-6 2/5 5/5*(3,4,16,34, >150) +
QRneosp-7 3/5* 4/5* (14,25, >150, > 150) +
total 17/35 27/35 7/7
QRSOD23sP-1 2/5 4/5*(6,19,34,42) +
QRSOD23sP-2 0/5 4/5*(8,26,>150, >150) +
total 2/10 8/10 2/2
QRSOD24sP-1 1/5 3/5%(2,8,25) +
QRSOD24sP-2 2/5 5/5%(16,17,28, > 150, >150) +
total 3/10 8/10 2/2

a.1x10° QR-32, QR-32neo, QR-32SOD-23 and QR-32S0D-24 cells were subcutaneously
implanted with gelatin sponge. The resultant tumors were cultured separately.

b. Normal mice were subcutaneously implanted with 2X10° QRsP cells or QR-32 cells.

c. Normal mice were intravenously injected with 1X10° QRsP cells or QR-32 cells. 21 days
later, the mice were killed and the metastatic nodules on the surface of lung were
counted. Each value represents the number of colonies per mouse.

*; p>0.05 versus QR32.

EHIET B E, B UREEKRT RIETRTCE
MR EL Z L Tz, B, QR-32neokE
MHRE X D L U 72 B5 R 7 %13 3 5% (QRneosP
-1, 4, 7) TETHIED, 6% (QRneosP-1,

2, 3, 5, 6, 7) THEzREEDHE % (p<0.05)
BN R S, RIS U 7 EEEAR 7T R IBERQR
~320E MR L RIS T N CEM bR 2R L
TWwiz, 251, QR-32SOD-23EME L L
QR-32SOD-249#MfE X DL L7 22 h 2
F DD DEER T I R CIEEREO AR 28y
EBRRoNZ s, B EREESEL:

Mtk & ¥ L7z (Table 5),

BLEOSEE X 0, MnSODE S X QR
S32EHIE D S F ARV YV L DFEKEKE TR
I & D BT 2 S OEE S EEICE T 3
DD, BHL T = - MO BLLOER I,
QR-29BRBIIO B3 &5 & IR 20 TR L T >
B EBRENT,

% =

KZEDORERIZ, QREMBEE2YEYSF 2 AR
VY LREIRE TREETA I LI > TR 25
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W0 BEMLERED, BN CiR{EEER
MnSOD %2 #&nFE AWK L > THERREICHBEI ¥
rZriziVERBCMFHEInGS L 2RL
Tzo TDZ X, QRIEMBEOEMRERICIZ
AR OBRE (RIE) 25 OEEBRENEEE
LTWw3 ZEk, EMENOTBRESR L DN
7 v APEMEROERCEEREREH 2R/
LTWwaZEPHLEZ ST,

MR OB LR X, FEROMIE
FE AR CRBEBUNRE L OBb D Ic L - T
WEEFENE, B - Bk L OBl e OE
UEEERL T RREBEHEIN T D,
B, ZORRIIFEOMNREL SEERER
DFELDVA P A4 R EDERICED, FiE
B OB TR ERL, RECZD
WENERTEIECEIDELZBRTHSZ
LSS FEMERCHS DI SN TR TV S,
ZOHTH, FFCEEBRRIZIZOERER>T
W3 ZEDBHEEINRTW S, BEHRES, ¥
REVEORELESRBLAMRE L > TE
CAEEMESPDNACEBILEERZSE 252
L2520 X 5 I iRMEEER 10T 1/2/E <) B 6 #
gz L THRESuE—F — L LTERAT S 2
LIDIEDIT, FFERRE > o HRIEWE T
HBHEY IVERL-HuF rofiifEe KERE
DREERIET 2 T L2900 £ o> b FRE{ELE
EHOHZ ZENHLLIZENDDH b,

¥ 7:—HT, BHENCEET 2 TBRIEER
LEMERBCEERBEER LTSI L
LREINTETCWS, Iz, £ VKBES
FrgcikABIER MR R, Bl O
MnSODFHIEBME Z E3B2HRENTE D, Hi
BLEBERORHRDOETHREESL L CEMER
PREL TOAARESHERE SN TV S, £ 72,
Wice VEEXT <P AEMAEK T
MnSODELZFDEAIZ L Y in vitroTDIEHE
P, plating efficiency*°soft ager colony for-
mationZZ ¥ D& X F BB FHEORBRET

BEDONBREF TR, EEFELHEIT
23334 MnSODDSHIE P CREMIHIE R FRROE
XZHS> T AHREMEDHEEIN TV S, L
PLRBS, ZOFELOLWEFIZOWTIEWER
THARESDBENEF ER>TWD, ZORK
OERE LT, in vivo, in vitrol BT 5HB
HORWETVORERET SN,

AW B v 72 CA7TBL/6~ 7 A ## i A E
BMT-11% mutagen T & % quercetin TLEE L
THEs>h7:QREMIEY v —, QR-32/&AIE
BEUQR-29EHIE ST A F v 7 LV —F®
¥I3FUARVYOREDEYE E B RFRAFRTY
AWK TBET 52T, bEOEMIZIZR
BV THEMEER X UIEBRE L EE LE
HALERT 2 2 L5, BbL-fMlgsz 0k
DOREFERRE TR C 2 B ERZHE T 2B
TIVWEBRETNVE L THEILINTWS E T2,
ENEREPRIIEEORLS 7u—2LE
BMysZicky, B tEREFIRT 5EHR
B L UOZOIHEFOBTCOERTH S, Z
D Q RiEMEDOEMHAERDERIC DWW TR
SREBHINTIRWR WS, [E -« ES Xin
vivo, in Vitro X BV TLUTOHRKREHEL T
- ], QR-32EMIEIZE T F ARV Y
KGR MG S IRABME T 5 2 & TEMIL
EET S, 2, QR-32EMBIETIAF v 77
v— NE®E, 0~5HEWKCBMET 3 L5
R LER T 293, 20~30HHE Tz Z DEEL
ETF3%, 3, QRE@GMOEMRIERE LT
u A% 25> E,(PGE,) EAREIZTEDHBE
#RT. COPGE,EEBIEBEIF VARV Y
RICHEPEREME L OREGREED A2 06T, &
EMEY A b A Y DINF-@, TNF-a 8 & U
TGF-BOEIMNC & 0 HE5& L, FiER{LEEE ORI
EoikEng, 4, QREWICES F
ARy YRIGEEZEMEZEHS ¥ % DN
ABRERNEL, ZORRIBIYWE~=
F—vowmTiiREiEn s, 5, QREMITIC
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FEMERzEC IHEOR L2 70—
FEL, Tho 2 a—rofifalIMnSODE &
UGPxEH# E BHAER2EZTHE O
IR B %, 6, In vivoT, KIEEEE
VAR P S K#512 & 0 BN iR LR
FREFETLE, QREJEOY S F 2K
Y & ORI L TRAEIC & 2 AL ER I &
Nb, INoDEEKELD, QREMZOE
MAER I ZRY =BT 2 2 L T4 U B4k
RIEDBICER T 2 RIEMBAEEE 3 2 151
RRORESEY A P AA UBBEE L TWwa 2k,
72, EMIEAOTIEILERSQ REMIOE
HALEROEELREL T ZEWRB I
TWwd, ZO&IRERBEE, AFEELDOFE
ERRAE I REDE D % & » I IR S b Tk
ENdEeFEZHN5,
APIFRICBNTYH, B ERE2EC THE
DEVQR-32FEMIE B X OSEE DRV QR-294%
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DHEE PR L& 2%, QR-29% M fa o
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-29%ENI AT OO ML E R 13 B B I EAE 2R
L7z(Table 1, 2, 3), A#FTIE, MnSOD#S
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HrHoricT b0, BERERZ2SFC
2 Z 37 QR-32WFEMIITIC MnSOD cDNA % 3&{5F
HAL, HFEAMnSODIEMEHH 2 5D E % R
TEREHR 7 0 — M2 FR URET L, %
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FUARYY LEIRE TR X > T 2 25
ARG D AL A 1370 O QR-325EM T~
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(Table 4, 5), £z, &, FERITTRL TR

Wik, 202 FROREEEHKDOrat MnSOD mRNA
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