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Effect of Retrovirus and p53 Tumor Suppressor Gene in Gene
Therapy of Cancer Cells

Min-Ho Suh®*, Seong-Il Suh, Won-Ki Baek and Jae-We Cho

Department of Microbiology, School of Medicine; Institute for Medical Science;
and Institute for Medical Genetics, Keimyung University, Taegu, South Korea

Cancer is considered to occur through abnormal growth and differentiation processes, in which
oncogenes and tumor suppressor genes are deeply related. Cellular responses to DNA-damaging
agents are believed to be critical determinants of human tumorigenesis. Cell cycle arrests and
DNA repair following DNA damage require the coordination of multiple gene products that, as a
whole, serve to maintain the integrity of the genome. Within the cell cycle, both G1-S and G2-M
phase transitions are under constant surveillance by checkpoint genes for the protection of cells
from either exogenous or endogenous DNA-damaging agents. p53 tumor suppressor gene
mediates cell cycle perturbations in response to DNA damage, and play a role in cell death,
genetic stability, and cancer susceptibility.

Recently, gene therapy with p53 tumor suppressor gene is expected as a new effective
therapeutic strategy in many kinds of cancer. By using retroviral vector system, we transduced
p53 tumor suppressor gene into human osteosarcoma cells, and analysed its growth suppression
and apoptosis inducing effects. Combined effects of p53™" gene therapy with chemotherapeutic
agent or radiation were also analysed.

Titer of ecotrophic pS3"" retrovirus was 5.0x10°/ml, and that of amphotrophic p53*" retrovirus
was 2.0x10°/ml when NIH3T3 cells were used as target cells. Human osteosarcoma cells infected
with amphotrophic p53"" retroviruses showed increased p21™*' gene expression, which acts as
a major cyclin-dependent kinase inhibitor in DNA damage responses. In normal DMEM media,
human skin fibroblasts infected with amphotrophic pS3™" retroviruses showed very slow growing
(1.7 fold increase in doubling time) and very low saturation density (50% decrease in cell
density). In media containing chemotherapeutic agent, human osteosarcoma cells infected with
pS3™T retroviruses died rapidly; 75% of them died within 4 days and all of them died within 10
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days of incubation with chemotherapeutic agent. Their DNAs were extracted and electrophoresed
in agarose gel, and we identified DNA ladders characteristic of apoptotic cell death. When
human osteosarcoma cells infected with p53"" retroviruses were irradiated with ultraviolet light,
more than 95% of cancer cells died within 1 day; whereas mock infected cells showed only less

than 5% of cell death.

These findings suggest that retroviral vector mediated p53 tumor suppressor gene transfer into
cancer cells can suppress tumor cell growth and decrease tumor cell density effectively. These
findings also suggest that effective induction of tumor cell apoptosis can be obtained when p53™"
gene therapy is used in combination with chemotherapy or radiotherapy.

Key Words: p53 gene therapy, Retroviral vector, Human osteosarcoma, Apoptosis
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E9 g8 8oz NI GI7ld) AA g2 &
’+¥l DNAZ A3 Fajsted HF3AY, &4
o] UF A3 Ag-ole nlg AZE ALA=
z}%8te] apoptosis® Zojulel A Aot a8
1} o2} & DNASA Qx] g B4 59 §24t
o Aei7F M7IAY apoptosisZH -F-FA Zpel] 7o
7} A shd M ¥ e DNAZ £48 dH 2 A&
A AXF7)E EA =, DNAEZ0] A4 &
o] nh SAZZ TAEA D,

OB AFE &E A8 98 &, WA
A, zete ] 2 Ad ey 58 AP ey o
HEFMW 1 208 By ¥, 7[&9 (8
NogE AR FAE =71 ged?, 2
o £49 FAA ANE FFdeEy 4L 2
BRog AgAA st FAAA 2Y (gene ther-
apy)el &745]o] & #AL B dos|n P
28 £3] A Atd B BAPEEE A
2lo] AWM FAFAAZ FHE =914
A A xe AL A AL apoptosisE -F =
AA FAEE AA}LA e M2 T
o] FEL uky o g fARAEY
< 214719] A FEIF UM E E ¥ FS
NG Agolojr FAAANEHA FAH 74F
7\&3 HHo) & Bxodtd A 9l
N e Foe Hotgdn B 5 I

A FaAE Fetetd AREL FAAA
2o 32 7]%9 retrovirusZ 9 H 3}, DNASA
Al 7H @A AH]) ol dE e pS3geR-A

A2 o8t FUAT FEFAAARE A
=goss, 1849 TAZAA L PA
8% 7% 2 ABE TR B ATE AN

ste] 1 A}E Bushe Hiolth
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1. M= Y M=Zoi

Bosc23 packaging cell, NIH 3T3 cell, human
skin fibroblast (HSF) B! Saos2 cell& 10% fetal bo-
vine serum, 2 mM glutamine©] ¥-{¥ DMEM
high glucose media& A}-&-3}a 367, 5% CO.0l A
uj) o¥5} 9 31, PA317 packaging cell-& 10% fetal bo-
vine serum, 2 mM glutamine, 1X HAT®] 35%
DMEM high glucose mediaZ A3t 36T, 5%
ComclA v Fetich.

2. Trypan blue exclusion assay

0.4% trypan blue 50 ploll M 50 WS Y1 A&
& hemocytometerd] FZFsla 18 F NEZFE
Aol ENTSFE AFsaen, F A9 A8S
27 A% F 2 BEAE AeAc

3. BES transfection ! ecotrophic retrovirus&t44

Transfectionol] AF-&-3F plasmidE-2 wild-type p53
@53¥) 8427t E 298 pLNL retroviral vector
@ ] vector (mock)2A] 1] University of Cali-
fornia (San Diego)2] Dr. Jean Wang % Dr. Yen
Cheno. Z X E] Eokulol A}-83}¢t}. Ecotrophic
retrovirus®} A4 Bosc23 packaging cell-2 ©]-&
3o} nlolg] A& AFYAIF T} &, retroviral vector
plasmid DNA 18 pg= &f-3l+= 0.25 M CaClz 500
plE 500 ple 2X BBS (50 mM BES, 280 mM
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CaClL, 1.5 mM NaHPO4)®} 41-& 3 32 20&
7t WA sha o] & 24A1%E ke 5x10° Bosc23
packaging cell plates] TA3}A droppingdt 7,
37C CO; incubatord]] A] 12A]7F uj<k3}l3L phos-
phate buffered saline (PBS)Z A2 ¥ 4843t wj <k
ata, A& (vlo] B 29)S 045 pm filter2 o
8 3 uhz ALgEA 80T HESTA AL
&5t

4. Amphotrophic retrovirusAtAl

A7 6eme| culture dishell 2x10°2] PA317 pack-
aging cell & 18A)2F vl k3t &, vl FAE A At
31 100 pi®) ecotrophic retrovirusE3} 8 pgel po-
lybrene (hexadimethrine bromide)E X g1 vl %Y
1 mlZ 37T CO; incubatordl] 4] 2.5A17F & 3, ]
okl 3 ml-g 71eh3 347 wikstAch Wi E Al
EE trypsinA] 8] 8} 1/204] & 6cm culture dish
ol A} G418-2 E 33}t selection mediaZ wl ¥+
th. 3~59ulc} selection media® Zo}FAA 2~
337F vjoFE 3 cloned- harvestdle] ulo}e] A4t
A8 AEFZ ALE3IY ). Amphotrophic retro-
virusE 2t 8= PA317 A EE G418°] gl vk
Aol 297F M Fe &, vletd& Ro} 045 um
filler2 o} 3}ak 3 2wk A A X0 AT A
o} -80Cel BehRA AL

5. RetrovirusZt

Z+2 retrovius2] Y718 24 35H7] A= 3
7 6cm2] culture dishol] 2x10°2] NIH3T3A| X 2
HSFA| X & 18A1Z wiakgt 3 wjotd-& A A3t
1, xR o 2 10854 S H retrovirus 100
ulet 8 pg/mie] polybreneE X33 vk 1 ml
2 37T CO, incubatorol] A} 2.5A12F Fo] ZFFA]
1 T wlgd 4 mlEg 7H3tz 3Y 3 Wil
e MEE trypsinA 28t 1 S A 1/209)
A E (200 W)E 6cm culture disholl A G418& £
3}&l = selection media®. vj 9F3t gl o} 3~4Y vjc}
selection media®s Zo}FHAA 2~3F3 wjF &
Ve E A EZ S 1% crystal violet 2 2. g 28 3}
2 3 AFFE AFE F, retrovirus 10v) 3] A4 )
A2 o] 5748w 1x10* viruses/ml =, Z] &
o] 507] Q) 1x10° viruses/mlZ, %) o] 5007 Y o}
1x10° viruses/mlZ virus®] 715 A 4ks o).

Amphotrophic p53%" retrovirus % amphotrophic
mock retrovirus®] T 2 A E I HAA= A7

2
a
2

N

I

0

Z {29 E (osteosarcoma)?] Saos2A £ E T

A% A SHAh
6. K2ld AL H

217 6cm disholl 2x10° M| EE HAE F 197t 4
Feta, 24zte] retroviusE ZEAIZ F 39 o
v ¥l & A A3t 250 om 3Fe] UVE 45ecmA
glof Al ztzhe] A Eel 183 2AF F, A) vkl
2 Q31 36T, 5% CO9 A 10A] 7F~12 7k ulj o3k

S, WA S AAST PBSE ML . crystal
violet2 ZHEMEE FA3te T A

7. SDS-PAGE 4 western blot analysis

Amphotrophic retrovirusol] 2] 3+ p53 et}
o 2AE zAS] el MYE AT
lysis buffer (10 mM Tris-Cl (pH 7.4), 5 mM EDTA
(pH 8.0), 130 mM NaCl, 1% Triton X-100), 02 M
phenyl-methyl-sulfonyl fluoride, proteinase inhibitor
cocktail-2- @1 iceo A] 302 F F FAlsd A
%48 2% % Bio-Rad protein assay kit® % 23}
At Fojz ulA H-3-8 SDS-PAGEZ A7]Y
%3} 31 nitrocellulose paper (MilliporeA}, Immobilon)
2 electrotransfer2 A) 308} t}. Transfers mem-
brane-2- Blotto-8 (5% skim dry milk in TBS-T
buffer)o] 2] cold chambertoll4] ¥ 3o} shak-
ingst %] t}. Blotto89 -2 A 7 8} 11 primary Ab-§Y
(2 2)d] 273 T3 TBS-T buffer2 M4 & &
secondary Ab£< (A 2)dlA 1At FUH o] &
t}A] TBS-T buffer2 A2 &t & ECL (Amersham
AN A &89} Primary Aby B Oncogene
ScienceA}2] anti-p53 antibody 2 A}-&-31% o}

8. Apoptotic DNA fragmentation assay

wjoFE 0.5x10° cell2 eppendorf-tube & &7 3~
2000 rpmeil 4] 283 48t A EZ A2 F 20
ule] lysis buffer (20 mM EDTA, 100 mM Tris,
pH 8.0, 0.8% (W/V) sodium lauryl sarcosine)$} 2
ple] RNase A (5 mg/ml)E 433 37ToA 143
incubationdt &, 20 ple] proteinase K= ¥ 31 50T
oA 17} 30% 3Z-& ovemnight incubation A]Z]
T}. o3 7]) ol gel loading buffer 5 p1& ¥ 3 A& T
1.2% agarose gel& 50 volt2 5|3t dry gel elec-
trophoresisZ 4 A] - Polaroid# 4 & 3lo H=3}

ATk
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Table 1. Titers (viruses/ml) of retroviruses tested

Virus  Ecotrophic virus ~ Amphotrophic virus

Titers in Titers in Titers in

NIH3T3 NIH3T3 HSF*
Mock 10X 10° 27X 10° 1.0 X 10°
ps3™  s0x100 20X 10° 20 X 10°

*Human skin fibroblast

Days

Fig. 1. Western blot of p53™" and p21**" in os-
teosarcoma cells infected with amphotrophic re-
troviruses expressing wild-type pS3 along the time
courses after infection.

z o}
1. RetrovirusAtA§ 4l A7 =X

Bosc23 A o4 A H ecotrophic retrovirus
o] 9 7}= NIH3T3AN £S5 o] &3la] =33 A
mock retrovirusi= 1.0x10%mlo] a2, p53™' retrovirus
= 5.0x10°/mlo] 21t} PA317 A £ A} ALY E am-
photrophic retrovirus2] &7} NIH3T3AH X5 A&
S 1w mock retrovirus: 2.7x10°/mle] ¢ 11, p53™T
retrovirus= 2.0x10°/mle) 9l 2.1, HSFE Al-&-31 &
w] mock retrovirus= 1.0x10°/mlo] a1, p53™ re-
trovirus= 2.0x10*/mlo] Lt} (Table 1).

2. p53"" al p21"A wksl s A

p33™" retrovirusel] 7+ ¥ Saos2 osteosarcoma$t
A Lol 9] ps3VT R p21YATe) WA = g 2A}E
7] 98] wester blot2 A A| gk A3}, ps3V! retro-
vinus7Hg F 3~5U73 o o} m|w| & ps3e] W
FEFYUNe R Y8 = T
1, p21VAe ps3WT retrovirus7he F 3~597

o A Felg 2dAFs Gu)E deh A

30

—o— Non-infected

—&— Mock
—a— p53"T

[\
(S,]
1

N
o

Number of Cells(x10%)
3 o
1 1

Day
Fig. 2. Viable counting of human skin fibroblasts
infected with Mock or p53 retroviruses in media
containing G418.
(Fig. 1).

3. p53"" retrovirusZtio| M= AZto| o|%|

rr

O:
o

oo

G4180] g+¥l DMEMu| A| o)l A uj FA|Z o,
H) 7+ HSFA| 1= v oF 47 el 75% <] 7<) Al
E7F At mek 1088 E A BE A
Z 7} Apa =), mock retrovirusel] 7+ ¥l HSF
A EZ= v 447 ol 50%2] Al E7F AbEst AT
7F AEF7E A I EEH wig 13Y Fo=
25%° xS 2712 rc) ps3™ retrovirusol]
79 ® HSFA 2= Wi 2~4d A ol = vz A
¥Eg g wE A EZAITE BoiA Wk 3YA
o 75% o]/¢e] ME7} AbEatH 1 vl 5U A7}
A NEF7F AT 2 T e F 25~35%
o] ME7} ZAES = JHZ ST FIHE ER
o} (Fig. 2). 34291 DMEME] ] ol| Al kA2
), mock retrovirusel] 7+ ® HSFA| X &= &AM
2L v 47 n g 11973 =
A o2 ed AMESFE 9 83x10°0 =
gt ol p53Y' retrovirusel] 7+ HSFA £ &=
mocke]] H]3te] F 174 =¥ &£ =0 A4S B
ok 128 Ao E3PdH ol o] 2R = Al EF
= <F 4.2x10° 2. 24 mockel H] 8] A uk (50.6%)
B2t} (Fig. 3). Osteosarcomar] 9] Saos2%t
A EZ p53Y 2 mock retrovirusel] G A7 F
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100

—o— Mock
- p53WT

(oo
o
1

(o2
o
1

Number of Cells (x10%)
oS
o
1

N
o
1

T T T
0o 2 4 6 8
Day

T
10 12 14

Fig. 3. Viable counting of human skin fibroblasts
infected with Mock or p53 retroviruses in normal
DMEM media.

25
—8— Non-infected
—&— Mock

20 —a—p53VT
<
o
X
© 15+
©
(&)
e
(e}
o 10+
Qa
£
3
p=

5 -

0 T T T T iy 1" '

0 2 4 6 8 10 12 14

Fig. 4. Viable counting of human osteosarcoma
cells infected with Mock or p53 retroviruses in
media containing G418.

Fig. 5. Colony formations of human osteosarcoma cells 14 days after infections with Mock or p53™" retroviruses

in media containing G418.

G418°] ¥ DMEMU 2] o] A] )] 9k A] 7] W A] A3
EAESE AR NRFATE A%
% A7} Astel WY 109700 < 75%
o} M7 Ak a w132 o]l ol 100%2)
St 7} AbarsldTh Mock retrovirusel]l 7+
M & wj ok 6 AR Putat A EAIFS B
oA oF 35%2] A EZF AMFEIRA oG 2% A

2 A EF F7HE BAM vlg e A=
Aol N ESFE FEetE ). ps3™! retrovirusol]
HEE SHEE F5T A EZAIYS B &)
& 29 Fol 50%2] LM E}F AlSEtR T wRE
4 Folle 75%9) LA E7} ArEtd o, vk
109 o]ujel 100%2] A E7F Abdslsiel (Fig.
4). Mock 2 p53™" retrovirusel] 738 E Saos22H Al
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Mock p53-infected

Cells

Fig. 6. Apoptotic DNA fragments of wild-type
p53 expressing human osteosarcoma cells in media
containing G418 (1000 pg/ml). Days: duration of
culture in G418 media.

EZ G4180] T+E DMEMu|| A o A 142 7} nlj ok
AlZl F FAE AExS-E 533 29 mock
retrovirusol] 7+ H oA E= 132709 et A
3 1, pS3™! retrovirusel] ZFd @ FA Eoll A = F
FE4S #2E + 2w BE AT} AR
gtk (Fig 5). p53"" L& o] whE A E Abge
o1& 2ALe7] fla] M EZEE DNAS 55
3la] agarose geld 7] Fol] ©]3F apoptotic DNA
fragment@ A o = FASH A3} mock retrovirus
of 2+d ¥ kA o)l A = DNA fragment7} {1312
o, p53™" retrovirusol] 7+ B oFA] Lol A= 3}t
SYA =% F 4~6Y ujcl] DNA fragment7}
w2 2l T} (Fig. 6).

4. p53"" retrovirusZted ot Xp2| M EA} MZE
ol ojx|= E
Mock 2 p53™" retrovirusol] 7+ ® Saos2¢HA

¥E 250 nm 32 A A o7 45cmA ) ol A

1E-7F 2Ab8lat, 124 2F W ekA) 7] & A sha] 2b
E5te AEFE 238 A3 mock retrovirusol]
7l ol E= 90% o) Ale] M E7F A FE e T
p33™! retrovirusel] 7FE A L= 5% o] 3o A
E o] &SI (Fig. 7).

\J

Before UV

After UV

Non-infected

Mock

DSBWT

Fig. 7. Growth patterns of human osteosarcoma
cells infected with Mock or p53 retroviruses after ir-
radiations with ultraviolet light.

|

]

olo A EJ} AAACl AL Yo} A 2
T3ke] w0 7oA TS Aoz Yzty
1 gler O FAME gFdAe FEFH At
ZFasithe o] Baso] Y™, 53] ps3g
G HA}= A FE7} S phase® So]7tA] Z2) &
AQA, Glo] HEWA £48 DNAE Fd8
A A, DNAER o Y 718ke] Zrof 7k 17 A8
A apoptosisZ & FAA AR5 AHst= Gl
checkpoint®] 34 Axt= A Fefz] gkt gt
o p53gFebfrAAte] EA WMoY A2 (deletion)o]
LA DNAERS] 8 T &4 AxE9
AAZF ARZ A eolx dAE=2 TAE 7}
o] deks] A =, AR o 55%] AA &
o| A p539] o] /o] WAE 1 JATH™, p53a -
ARt o] de] e LA X A H o= p53g
RS ALAIE G A o] 9T GAE
374 A 22 apoptosisell o] gF A E Al A3}
Zb71H BR o] AR A BWAoR $8Y
9,

A2 ¢ AMEY FAA =9Ee
recombinant viral vector'}, cationic liposomel, par-
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ticle bombardment®], receptor-mediated endocytosis
¥ 5ol ey aFAME retrovirus vectordl &
o] &3t Wo] Ao AFAAHAA A=
Aol #1, =AY FHAE dTHRE EH
FEE F 7] Y2 /g da 2olm AP,
RetroviusE ©Y S o] 9T 2 Z provirusiHE]
2 o E oA 2R 5 o] uto]g 2 EA7} Aoyt
W & A7 2=, o) RE HAE] 3
vlo]# & EAo] B packaging@d A=}
E retroviral vectorol| A A A st 1Al ZH A<l
AEAZ Bl F Htelel 2 packaging?] 5-& B
3= 3le, o] 24} packaging cell line#) A 7} 7}
weo} g, e vholelze) @713 ol
7 A Be ol ol FoIAL Y, o] @
Tl A= 1 E 9 ecotrophic retroviusZ AHA 3}
= Bosc23 packaging cell- & ©]-8-3}4 ecotrophic
retrovirusE 4FAJA1Z1 F, amphotrophic retrovirus
£ 23 PA317 packaging celld]] ecotrophic re-
trovirusE 7ZFGA|A ulo]| Y A S ALY A o za
31§ & 2] amphotrophic retrovirusE A A 7] mA}F
SFATHY. A2 Bosc23 A EolA AME iz
£ (mock) ecotrophic retrovirus®] &7} v ok 1
mlg 10077 2] wuho] 227} AR = o] i3] =
Sk.2.™, ecotrophic retrovirusZ PA317 A £ o) 7+
AlA FE5 A EoA A8 E amphotrophic mock
retrovirus®] 7% 2.7x10°/ml2A ¥ @A Egtct.
p53™T retrovirus= NIH3T3A X 7] 2 2 &= 2.0x10°
/mle)len, HSF7]1 &2 2% 2.0x10Ymle] L &H,
AZY fAe) E50) we Qs s 1}
Bt o] f= pS3ata- A ALt beta-galactosidase
1} adenosine deaminase &3+ 2] A ¥ AR
ol AP ez FFE F9 YAT Gt G1F
21} apoptosis® - EaHe fAAo]7] W& A
oz AZAYY. 5, ps3Te) WHlo] B AE
€ T AER Gz 497] el apoptosisE
QoA Fojuzm ps3Ve WHE) HlmA @
o AEW Azde AL YAH] JEQ A
o2 Q74Eu*) HSFol] H]a] NIH3T3A] XA
7b7t o] U o2& HSFe e} A4 ps3
FLFAAE 742 Ao 2 NHSTIH = ps3
SN e 97} Balv] e, =9
A4 ps3el 715¢ BH] WEQ Row 42t
"t a3ez A9 ps3* retroviruse] G7HE
Pets Aoz 229 $AuG 80 o 2L
Aoz Aztdrt

DNAZE}o) of3) 24318 ps3¥To] X E Gl
o) AAATE 71HozE p53Ve AAER
4oz paVe) Wi o] Z715 7 g7 Re
g A 9. p21Y1.e cyclin E-cyclin-dependent
kinase (CDK) 2, cyclin D-CDK4 % 7|8 CDKE&
A 3keq retinoblastoma gt} (Rb)e] 143}
E A1}, 2 43} Rbe E2F 59 AR
2 A% JAstd ATE Glo) FAsA Aop>
B o] A M= ps3*T retrovirusel]l 74 ¥ Saos2
osteosarcoma A E ol A 9] ps3VT @ p21VAT
Ao BALE FAMEG vl, pS3"T reroviusZtd F
3~59739) obF vlu]| @ p53Viel FHE B 5 3
Aot F=5g FdFrte B 4 4ok 28y
CDK2 # 45 A3t A EE Gl FRAF =
A58 8l p21™Fe p53YT retrovinus 7t ¥ 3~
su7) ¥zA Foig WIS Yepd Ao
2 Hol ps3¥T fAx oz Qla) p21ATe) ut
do] Z7HEA7] EQD Aoz AtgH Y, oj2
A pS3FLHHAG Yol EEFHOZ o] FojH L
< ¢ F AU 283 F/FA A DMEMH|R] o
A A EZEL 9 ¢AZ o), mock retrovirusel] 7+
9 HSFAZE Aoz JFstd oy, ps3™t
retrovirusol]l 7+l HSFA| £ 3= mocke] H]ated of
L78) o] =R A& = Hul Yo o
X (saturation density)E Ho]A, p53atet-g-AAte]
E=o] A AL Azt ] xUE
E AN S & & UAd

P53 & AHE DNAS] &4te] 4@ 75
£ @ GIFAZIAE FolA apoptosisE =
sto] EFE AZE AAG e 2oz g8A A
o, o] AFANME p53™T retroviruse] IR
Saos2 osteosarcoma$tAH] L& 318 @ | Aol vl 7
743 ukg-2 HolA Yang et al’2] B yol fALet
Red, 3tedA Ae 29 Foll 50%9] LA
E7F ARSI R 48 FollE 75%9] FA E7E A
FolR e, 1092 ool 100%2] L&A E7} AL
stdch. a3 p53YT retrovirusoll 7+ E Saos2
FAEE AL E ] GRF 9HE-g 2
+Hl, mock retrovirusel] ZFFH A T+ A
o2 ZAVE & 10% vl ghe] M Egto] AbEE wh
9, p53* retrovirusol] ZHE B A EE 95% o] 42
2] A7) AVdatg T ps3td o] W oM 2 A}
o] ¥lE apoptotic DNA fragment3 Ao -2
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