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Effect of Retrovirus Mediated TNF-a Gene Transfer to Tumor Necrosis
Factor(TNF) Sensitive Tumor Cell Lines on Sensitivity to TNF

Yeon Mok Oh, M.D., Kyeo Yeong Park, M.D., Man Pyo Jung, M.D,, Chul Gyu Yoo, M.D.,
Young Whan Kim, M.D., Sung Goo Han, M.D., Young Soo Sim, M.D. and Yong Chol Han, M.D.

Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

Background : Since tumor necrosis factor was discovered in 1975, TNF has been well
known about its cytotoxic effect on tumor cells in vivo and in vitro. According to the recent
improvement of molecular biological techinques, it is possible that exogenous TNF gene is
transferred to tumor cells and is expressed in theirs. By virtue of TNF gene transfer, we have
expected that TNF expressed in TNF-gene-transferred tumor cells would kill tumor cells in
vivo without systemic side effect. The expected mechanisms in which antitumor effects of
TNF expressed in TNF-gene-transferred tumor cells are working would be as followings.
In the first mechanism, TNF expressed in TNF-gene-transferred tumor cells would kill
tumor cells around (like homicide). In the second mechanism, TNF expressed in TNF-
gene-transferred tumor cells would kill themselves (like suicide). In the third mechanism,
TNF expressed in TNF-gene-transferred tumor cells would recruit immune effector cells and
kill tumor cells indirectly. In the last mechanism, TNF expressed in TNF-gene-transferred
tumor cells would augment cytokine such as interferon-7y to kill tumor cells. Among these
four mechanisms of antitumor effect, only the second mechanism has not been established
yet. Therefore, to elucidate the second mechanism, We performed this study.

Method : We transferred TNF-a gene to NCI-H2058, a human mesothelioma cell line and
WEHI164, a murine fibrosarcoma cell line by using retroviral vector(pL'T 12SNTNF). And,
We determined by using MTT assay whether TNF expressed in TNF-gene-transferred
tumor cell lines would kill themselves like suicide or not. Then, if TNF-gene-transferred
tumor cell lines would not suicide themselves, I would know more about the TNF sensitivity
of TNF-gene-transferred tumor cell lines to exogenous TNF also by MTT assay.
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Result :NCI-H2058 and WEHI164 which were sensitive to TNF , became far less sensitive
to endogenous and exogerous TNF after being transferred TNF-q gene to.

TNF-gene-transfer to NCI-H2058 and WEHI164 gave them resistance to

Ao g ohe W) oF 0% vielz ol &

Conclusion :
TNF.
Key Words : Tumor necrosis factor(TNF), Gene transfer, Resistance
M B

BHE BCG (bacillus Calmette-Guerin) = FE R
g ¥ 52 (endotoxin) & TolA A W oy
M FF g Fra= =3 o] B o] FYu)
AH12Htumor necrosis factor, TNF)&} gga’ o),
TNF7} of & Aol thafjr A1) Helol Az=
“d(hemorrhagic necrosis in vivo, cytolysis in vitro)
= HeJo] &eA A g TNF: obM o] et
MNESA (antitumor effect) 9]l % ASHg T uyg
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243& Bolti7tE TNF #HAE olledx uA
TNF AEEAd 2] @i A& AL7F TNF
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1. MEFQ sy

NCI-H2068 A ¥59} WEHI64 AEF (ATCC

#1751 28l TNF §dx& /% retroviral
vector® AAHEHE packaging MEFQ PA3LT =
)2 2YPRAATEANN Aok 2@ T, ojE AX
z=2 o RPMI-1640 i x|o] 109% S-EAE A A
(gentamicin 50ug/mDE 748t 37°C, 5% COz ¥
F71oll A wgFatATt

2. Retroviral Vector2| A4t

B A¥e] AR¥ retroviral vector® Moloney
murine leukemia virusE HE A7 A2 O F&
£ Fig. 18 @t} Z, Moloney murine leukemia
virus9l gag. pol. env gene thAlell At TNF-o &
Az} Med T4 § 1A selectable marker gene)$l
Neo® 418 AY% Ro2ZA, retrovirus®)
5LTR(long terminal repeat)”t TNF-a #F3dAE
promotedt SV40 promotorE Neo® #AAE
promote3t =& A Ao} rh o] retroviral vector
£ calcium-phosphate 3 W@l 9J#lA packaging
cell lineQ! PA317¢l transfectionA]Zl ¥ neomycin
analogue$! G418(0.81g/ml)-& ¥ 58l vix|ollA] wj
ofalad H1x7t o]l¥ cloned A"HEHA T/
oS PA317E %74 10cm disholl #i%g3te dishE
60% A% A& AEZ A Hd wiAE LA
t}h Al 24717 Wi 5, PA317E e g st g
ooum "EZ AelA QA A oig ZFdde A,
W AEA retroviral vector® Jom Ao AL
&7 A7A] -70°Cel E8 BA3HT

3. MEZo| TNF |S3X 0|2t Me]

NCI-H2068% WEHI164 M ZF7F 27 10cm dish
2 70% A% A Aed -70°CH Rad gaH

Moloney murine leukemia virus

T e [ | H |

5'LTR gag pol env 3'LTR
Retroviral Vector

C+—1— "4 H— 1

5'LTR TNF-a SV40 Neo® 3'LTR

Fig. 1. Genomic structure of original virus and
retroviral vector.




= AR retrovirus vectorE 843 B ol o
E w838t u)okalgc), o 7]9j) polybrene(H 25 %
8ug/ml) & M b8ty SRR Sob wiFsid o) thed
retrovirus ¥+ WA S W a5 RPMI- 16400 2 1}
ol 24N 371 Wigsteio) 1e)m U G418(
TEE Img/ml)o] E3e whjo) A wjFste], Neo?
FHAE AR § A2 (selectable marker gene)
% 3o TNF 4747} o] el M o) Mene Al Y5t
Fea=g

4. TNF R} o|g) &l

49 & M9 genomic DNA) TNF 427}
ol YHAE=A = THEALD A2 (polymerase chain
reaction, ]} PCRolg} ¢fsho = shelalgio).

TNF #34 o]9e &lstaxt st Mxzel
NCI-H2058-TNF ¢+ WEHI164-TNF, 2.8]1 7}7}e)
EAEF(parent cell line)?! NCI-H20687} WEHI
164914 genomic DNAE t} &3} 2+ whyom F
239t 100ug/ml2] proteinase K9} 05% SDS
(sodium dodecyl sulfate)& 3 3t} digestion buf-
fer ImlE 10cm disholl 2 44 zHa A Eo) Q11 o]
gA42 EE o microcentrifuge tubed] £71 %,
12~16 AZb EF 50°Cell A whg AR o =,
sample?] 1/2 73] 9] phenol#} sample®] 1/2 53] 9
chloroform/isoamy! alcohol(24:1)& YW1 A4 3] Ex
of FAth 1¥ o 6800gE 1087 Y28 =4
298 AU phenol it chloroform/isoamy] alcohol
AAHEE & W o wEso) ojgA de 4=
ool 75M ammonium acetate® 1/2 23] F7hata,
W& H#3 100% ethanolS sample 23] ] 2u) 1
W& F74ste] DNA7MEe] sdge skl a,
1700gel 4 2%-7F YAt genomic DNAS =iy

]9} Zo] #%3% genomic DNAE PCR® tem-
plate® ATt 18]35, TNF 442} 3¢ retroviral
vector®] HE]E4o 2 o]&% Neo® 7o 9=
@71 4(Neo 1, Neo 5)& primer(Fig. 2)& A
PCR(95°C 1%, 64°C 1&, 72°C 124 303 BHE)S- 4]
WA AW F, 1% agarose gel & H71Y S A7)

# ethidium bromide ¢ 4l DNA band® #
HEA. ol HETFOR TNF 4412 0]9lx)7]

Neo 1 5' CAA GAT GGA TTG CAC GCA GC 3'
Neo 5 5' CCC GCT CAG AAG AAC TCG TC 3'

( 790bps )
Neol Neos

IF—LH__H%—D

5'LTR TNF-a SV40 Neo® 3'LTR

Fig. 2. Primer sequences for Neo® gene PCR
amplification.

A %E BEHNIFES olgdgm, oM gz
(positive control) 2 2+ ¥ A& o) AL&8 retrovirus
vectorg& £ 38H= plasmid?l pLTI2SNS] DNAE o]
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5. ELISA®E 0|23 0|UgEl TNF SEA Wi
&ol

TNF ELISA kit (R&DAN, #ZW Quantikin™
human TNF-a Immunoassay)& o] &3} ol
TNF #4428 TNF7} 235 o A =R &
st

TNF fd2te] o] & Al=ata G182 M uy
¥ NCI-H2058-TNF$} WEHII64-TNFE 7}z}
10704 47 5cm disholl W=1e] ko] 3ml HEZ 4
oA 24417 Wi gst At 244171 wiek F ol +E
gl E Abgatod, 10°700) Mz} 244 7H T A
AHE TNF9] %2 ELISAS o] &3lq EA s
HWETOR Zhzhe] WAIEQ NCI-H20589 WEHI
145 U ByoR 42 ok do] TNF
A=) B w skl

6. O|YE TNF SMAZHE] LHE TNFO|
YIS gYE =x

2L oldg AR FATAA o]Yw TNF &
AAre] oz YEBH g9 e 7ha TNF7} &
HlH =2 WEHII6d HI¥E o] g3t bivassay & &<l
Stttk TNF #3219 o]9je Awslm G4188 A
= ¥l ¥ NCI-H2058-TNF 9} WEHI164- TNF&
ZH 10°70% 27 5cm dishel) #1x]9] ko] 3] HEE
o)X 24717 wiFatd e}, 24417k wjok F de i
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A2 TNFe] %2 WEHII64 %A ¥ 5 (parent cell
line)& o] &% bioassay” & %43t WEHI64
RAEFE o6welll plated well 3 10748} AZE
A3 12817 Mg &, wjAE A7) dE efdel
172 s o2 maste wellel H7ihete] 36413 &
7te o] wikstgnt 2% F, A EY AbEEE MTT
(dimethylthiazolyl ~diphenyltetrazolium bromide)
assay & ZAAH. MTT £4(C2mg/mD)g well
o 501 I 4417 Bob wikrlel A v 5 93
(200g, 102)&tdtr. 28 g 4FdE ¥gn
DMSO(dimethyl sulfoxide)Z 150ul/well ¥ 1L 15%
2+ B0 HolF Uk &F¢ 9% F, micropalte
BE 7] (Molecular Devices A}, =8 Thermo-max)
2 4%0nmelA FREE ZAsAT. AEAIEE
(cytotoxicity)& the-3} ol T3l
cytotoxicity(%) = 100 — (optical density with TNF
/optical density without TNF) X100
fzrres, zZzhe] RAEFQ NCI-H2058%
WEHI64o] thsid T woz A& &4
& AY TNFE Aaste=AE glstsich

7. SHES} TNF S8% 01 MZ2| TNFol
et Ay &3

H20583} WEHI164 EAIEF9k TNF 2127} ol
ol A ¥3F(H2058-TNF$} WEHI164-TNF)& 2tz
welld 10" Z4 96well platec] A& F 124]7F
or&t t}& TNF(recombinant human TNF-a, Gen-
zyme AHE HZE%E7F Ing/ml, 10ng/ml, 100ng/ml
5 %2 wello] A7tatark 36413 71 WG F A
% A}HE-2 MTT assay® ZA3ATH

8. @y B4
RE Aue adzE PJF £ FF 9 AH(standard
error of mean)& YERAR D, & ¥ HlnE &
EoiE -7343¢ {83
4 il
1. DNA £Z0jA SHX| ojgle] &el

NCI-H2058%} WEHI164 Al ¥Fo] TNF #8447t

AW o YHAEAE Flst7] Asted PCRE Al
3t9 i, TNF FARE o|YA71A & ZAES}
okAl &9 pLTI2SN(TNF)E PCR A7 A& &
A A7 et wawstRrhFig. 3). 1 A3 TNF
SAZ7 o]gl® NCI-H2058-TNFe WEHI164-
TNF MEZF 2 %A x=FA pLTI2SNE 790
base pair 271¢] 1% DNA band& Reol& ¥Hd &
AZZF NCI-H2058% WEHII64e A+ T790base
paire] DNA band7} 2017} e} retroviral vector
g o] &8 fHA o|Yo] o] FAHETE AU F 2

At
2. O|UE SHX} wWalo] o|st chy o &l

1) ELISA® 0|88 TNF W#io| #el

ELISAZ NCI-H2058-TNF$} WEHI164-TNF&
wl kst AHE wjokole]l TNFRS SA T AFHEEH
A Fig. 4 %31), NCI-H2058-TNF¥& 23.6+0.84ng/
24h/10° cells®] TNF& 44+8+51 31 WEHII64-TNF
= 122+0.36ng/24h/10°cells®] TNFE AAtstacth
whE zhzbe] A EF< NCI-H2058% WEHIIBAE
TNFE& 38 gaaha] et

2. MAEl TNFO| ME&X fJdx 53

HEE ot TNF7I WEHIIB4 EHEE Fole
AEALGES E2IM(Fig DR 4Fa, TNF&FH
2} o]3]o] DNA &+ A=A ELISAE ©
239 TNFE AjAtgel #<l® NCI-H2058-TNF
9} WEHI64-TNF& wiated @2 ool

o @ @ @066

@ pLT12SN(TNF}
@ Marker DNA

3 NCI-H2058-TNF
@ NCI-H2058

& WEHI164-TNF
) WEHIL6

Fig. 3. Agarose gel electrophoresis of Neo' gene
PCR amplification,
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Fig. 6. Comparison of sensitivity of NCI-H2058 cell
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centration. and after TNF gene transfer (p<0.01).
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WEHII64 EAEE Fol= NEAIGEL waay
7 laste] APk TNFO 428y gyss =
AT TNF #42) o]ldd MEFox wdg A
34 848 A TNF9 %<& NCI-H2058-TNF
2 323+152ng/24h-10°cellso) 9131, WEHI164-
TNF9| A9 109+147ng/24h- 10%cellso] L}, ut
Holl tixT o2 TNF #3d4 0|9 e 8% ge 7}
e BAZFE wiFst] AL migole] Hon
WEHI164 A2 AldS o 07)2] grgith.

#19 A, TNF $128 o)gere TNF 7t
T4 NCI-H2058% WEHII64 5 M %3 7oA
BEFHOZ BHS A INFE BHgdw B

Fig. 7. Comparison of sensitivity of WEHI164 to
exogenous soluble TNF before and after
TNF-a gene transfer(p<0.01).
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3. TNF RAxt 0] M3, 2AUMZO| TNFo|
tHEt 2t Hlm

INF 47} o) A%9] TNFol tjgh AEze)
FTAHZAL L) S TNFO) % sl we} H]
w531 H(Fig. 63} Fig. 7). 7 A7}, NCI-H2058¢] 7
+ INF %% 100ng/mlolA] =4 ¥ 25+3%2] Al
E54S B wd TNF 43 o] FollE 3+
2% NE5HE Bl BAHoR g3 AFol 7k 9
AtHp<001). 72 7, WEHI-164°] A$% TNF &



= 100ng/mishiA EAEE 73:5%9 AEFEE B
Ql ulE TNF f#2t o]g) Folt 3:2%9 HME=A
£ na BAYZ #9% Hol7t ANHP<O0.0D).
wat A, TNF 547 olgdd AE5F< NCI-H2058-
TNFS WEHII64-TNFE 24zt &pale] R XS
NCI-H20589} WEHI1648 th TNFell 9§ 2574
of EHE WA 5T & F AT

i &

19803t Zoll retrovirus® ©]&% FHA} ool
AEg o, Hole § A 87HA] retrovirusE
o] g% AR oy Wel NEHI St} retro-
virusg o] &% fAA olgEe oYY FAATt =
z M2 genomic DNAS AYHA A&HH 22 of
Qg FHAAE BEAIE FHH, EHHA Wl
U 3atel oz HARAE ojlEheE ARG &
AA o]Ygol & FHol sloiA HZ YFHLE
285 8% o]ge R retrovirusE ©1-&
A oY & 23 glvk 224, retrovirusE ©]
&8 AR ol AA WA HH A &3t
AN A% 1 mgol ) HEel, AR HelA re-
troviral vectorg ©]&&ta] AXel FHAe ojgde
NEF F Age AYT & £F(host)ll FH3
= e 20 add], o] FoA olgdd A
7} TNFE¢] MZEA0] 3l¥ cytokined 3¢ 43
o] ZA7t ®th

Tumor Necrosis Factore 19759 43 &€ BCGE
ARG e UELE FojA 4 ¥H X
A w7 oldl, ol o MEe] AA Ui(in vivo)el
N 284 PAE o7, AA 9(n vitro)oll A
= cytolysis® Bgjol waA gtk zEy, ol
TNFe] o Al¥o] et AEFAHS A 3837
o= FAEo] Atk &, TNF7} &%) atay
2 Ve F glE §FE 400~500ug/kg/day ol A 7
Sug/kg/day °ld ez TNFe #AA5A HEgd] <!
Fo] B 5 gtk oA TNFe AASAHE st
©x TNFe &9& vehiA 87) $isted, TNF #
AAE SGAEF oYM IR BHEANAN FAXE
z oo At TNFe 571 A Fx3ke Wgol Al

=gt oA AE £, AA #(in vitro) 28] 3
o 7l wpeb: w2, TNFol el sloiM
TNFol &3} 9 ZAE7F TNF fraA7 A2+
o 0|95 T A E TNFS AEEAd W& Bl

= 7 Ayl R nEz ok gekd, B AT
Ae Al 293 HEF(NCI-H2008)9F A7 A
&% M EXF(WEHII64 TNF-o $HAE ret-
rovirus& o] &8t o|Ydta oy HFe] TNFej
e e AE vins) BA JAck 1 2%
TNF &7 o]g] .2 TNF AESAlo] tigh A
Y=o g 4 AU ols} e AFAY AT 4
g uAste dF RuES H4HRYE TNF §
ARE L920(AFA HHE&F AEF) ojdstx
TNFE ZEAM7IE TNF F2271 old® 1L929-
TNF M ZFE TNFo| tial ol$ el dd A
o] vyl A WAS vehidda Rast A7t
AQTH?, wd AL ot MEFo] TNF-a frd2
2 o]9star A Winude mouse)ll FUE AH F
oke] A go] AT YA T 9 de] A= @nF
Hogr 2 MEEo] Wol vkx mudy A7
2 o] | A “INF #32 ©]¢g] ¥ TNFe
e WA g0z 49 F A ol Ak
71e SR ¢ol A7 1 7]Ad eiA dF7t
gt B F Qe & dFolAE TNFA %
Z=rdo] 9l AEFQ ZR-5-1AHE Fad MEF)
2 TNFE A% @A AdeieFsta TNF WAd
& Ho|E cloneol £83E ol cloned MEA L
2 ujdd A% TNFoll WAL BolA € clonedlA
TNFE AAHslA d A X571 TNFE B4t Al
T3 uge pusgd®. ¥ vlRd AT
TNFel 7ZHeAo]l & MEFQ Lo29=RE A v
ofslo] TNFel A< RolE clonedl LI929rollAM
TNE7F AAtg e Rastgoy?. olde) dF Ris
o B A goizte TNF 45 o|dstn
WA A TNFE 248t A sbd Eujgl TNFol tiaf
A Aobgti= A X il Bulg TNF#R ohvizh
9o A BEo3d TNFo| WS B Holate 2L
ol HE o 7l AHEMA ol AFeA
g 4 AU

TNF &4 o]9]-& AA W(in vivo)elAl AdE



A$E, TNF H3x2 tumor-infiltrating-lym-
phocyte(TIL)O ©]}) ¥ 2z} A 7o AlEsta gl
Aol 1 ot & 5 gnk w3 v A 9 Ay
olA TNFe of's] 2ol 91z WAL Yehys
AEXFeE TNF #4442 288 3% 44 W
A BR g 2ol Ao muFHm YupP o] o
T A= A Yol dMAEZ2RE d¥e TNF
7t dAIEel el AHH MEEA o] o} 7+
A U YA 54 53 wyog o
A A W Bge I 424 4 o,
& =29 A7 A7t ‘GH L TNF §22HE o
dste] dEE TNF7F 45 GAZS] AEXEAHL Q
oA FAaHE 7steEs AEE TNF 849 o
L= A E7F TNFoll tish S 8534 "o
EX Ag At detadte g4 Je’e ut
Fl o], TNF F42; o]l <8k WA oA 741
ARl Fetade] o of A7) "asta)el Azy
ot 8% ol TNF #3142 olgwre TILY #
F A dolA TNF fAA 28do] 7| Yo
£ PAE EAZ ol dAMEF Aol uE
TNF 32 oldz 29 A W Age] ne} o A
T B Aor YrwEc

=3 of

AR H : FFH AL tumor necrosis factor ;
TNF)= o8 FAXe dheir NFEAHS 1Yo
¢4 Qv T, A2 BAYEEE uao)
Yol TNF §ARE A Zol| o]g)stm e A7)
AT7F 2 B APH[Y olE Ape 2y
TNFE HAMoz & ZA$ A Balgo] Asio
AA & 4 gl & AN dME 2A oA
TNFE v WolA AL F ol At 285}
Fozm A naE ANEHS Higtow =
ol UMEE AFHAIFIE= Aol

dAEA TNF FHAE o)QFgozN dits=
FAEATE AT S ATV HaME AA, TNF §
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