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Effect of Retrovirus Mediated TNF-a Gene Transfer to Tumor Necrosis
Factor(TINF) 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 biclogical 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—v 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-d gene to NCI-H2058, a human mesothelioma cell line and
WEHI164, a murine fibrosarcoma cell line by using retroviral vector(pLT12SNTNF). 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 exogenous TNF after being transferred TNF-do gene to.
Conclusion : TNF-gene-transfer to NCI-H2058 and WEHI164 gave them resistance to

TNF.
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1. MEZQ} Hih

NCI-H2058 #2529k WEHII64 A X5 (ATCC

#1701 282 TNF $845 &R/ retroviral
vectors AAFSHE packaging X9 PA3IT =
vle TYHBEAATUAA Ik a8, ol AX
FTELS RPMI-1640 #l=]ol 10% $eldA 3 A4
(gentamicin S0ug/ml)E #H7¥sked 37°C, 5% CO, Hi
Ftel A wiekstArt.

2. Retroviral Vector®| Aiat

B d3e] ALEE retroviral vectors Moloney
murine leukemia virus® HPAYL Ao o1 FX
+ Fig. 13 2t} Z, Moloney murine leukemia
virus9] gag, pol, env gene thile] Azt TNF-a &
Hzke} Ae #4245 AHselectable marker gene)$!
Neo® #axE Agd oA,

5L TR(ong terminal repeat)’} TNF-a ##=)}-&

retrovirus 2

promotedt ™ SV40 promotor:  Neoh
promotedt=5 A A Eo] T

=2

Z calcium-phosphate 4ol 2}81A4 packaging

Fax8

. ¢} retroviral vector

cell line®] PA3179l transfectionA]Z! ¥ neomycin
analogue?! G418(0.8ug/ml)& ¥38}= vl Ao A uj
arste] §HA7L o]dd clones A ¢
g2 PA3I7TE A4 10cm disholl wjerdted dishs
60% A% Ag AR Ak =5 g agsty
th Al 24A12F Wi &, PA3LTS woksl wjokad e
22um FBHE 2N QA Aol i@ FEHE A
Y A% retroviral vectors dglom A Ed] AL
87 A7 -70°Cel 4 BRdsigr)

3. MEZF0| TNF S™X} o]} Med

NCI-H2058% WEHI164 Al £37} A7 10cm dish
2 70% AE QA =eEbdE -70°Cel

w749

Moloney murine leukemia virus

1 — I [ H__ |

5'LTR gag pol env  3'LTR

Retroviral Vector

L +— HH

5'LTR

]
TNF-a SV40 Neo® 3'LTR

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




A= AA retrovirus vectorES 531 Wi o
= ugste] wiFtE T of 719l polybrene(BE 5%
Bug/m)-& H7bskal a5 B9 wigkstdch teg
retrovirus & #X & W2l RPMI- 164002 ul
ol 242 F7b widstginh 2En UA G418(H
FTEE Img/mho] TFE wixolA vl Fate], Neot
FARE A F2 82 (selectable marker gene)
B 8o} TNF f2A7} ol | Al x9] Mg A5}
“rt.

4. TNF |XX} 0| =el

Ad 4 AlE 9 genomic DNAY TNF & 2}7t
oA A FHEALAH NS (polymerase chain
reaction, ©{3} PCRolg} ofgh o= #<lslth

TNF #3A ol& Fstua st AxF
NCI-H2058-TNF 9+ WEHI164-TNF, 12]iL z}z}be]
EMEF(parent cell lne)?! NCI-H2058% WEHI
164914 genomic DNAE tg3 2L wiom =
3ttt 100ug/ml® proteinase K& 05% SDS
(sodium dodecyl sulfate)& 3§38k digestion buf~
fer ImlE 0cm dishol & ZA AF M2l Yo o}
A8 &€ 2 microcentrifuge tubed] %7
12~18 Ak Bk 50°CAA WAz, o F
sample®] 1/2 -3 9] bhenolfﬂr sample®] 1/2 H3]¢]
chloroform/isoamyl alcohol(24:1)& ¥ X413 4
o] Ak 1¥ o 6800gE 108 9FF ¥ 4
295 2491 phenol® chloroformy/iscamyl alcohol
AygHgg ¢ A o 9B ojgA 4 A3
o] 75M ammonium acetate® 1/2 ¥-31 F7}8) 31,
WA Hgg 1009 ethanolg sample ¥-3]¢] 2w %
J2 F7tste DNAZEEo] HAHE e,
1700goN A 287t 9933l genomic DNAS 9ith

ol¢} o] %% genomic DNAE PCRY tem-
plateZ A9ty 28112, TNF 533 & retroviral
vector®] AHFAOE o] §F Neo F72] YR
A7 E4MNeo 1, Neo 5)% primer(Fig. 22 A A
PCR(95°C 1#, 64°C 18, 72°C 184 303} ¢h&)& A
A3 A3 £, 1% agarose gel® @719 % A7l

+ ethidium bromideZ 943t} DNA band& #
Zslgic). ol gEFe s TNF §3xE8 o|gdAl7]

Neo 1 5' CAA GAT GGA TTG CAC GCA GC &'
Neo 5 5' CCC GCT CAG AAG AAC TCG TC 3'
( 790bps )
Neol  Neo5
[

L —t = H H__]

5'LTR TNF-a §V40 Neo® 3'LTR
Fig. 2. Primer sequences for Neo® gene PCR
amplification.

2 ke RAXFEL ol&sldym, ¢4 i
(positive control) & 2& ¥ Ao A}-&-3F retrovirus
vectorZ ¥t plasmid$] pLT12SN9] DNAE ©]
&84k

5. ELISAE 0|28t 0|sl TNF XA} &y
ol

TNF ELISA kit (R&DAL, A¥% Quantikin™
human TNF-o Immunoassay)E °©]-&3e] o]id
TNF fAARRE TNF/F 2850} AdsEHER &
st

TNF §774e] o9& N=skar G418E A9 wi
93t NCI-H2058-TNF< WEHII64-TNFE& 742t
10°704 27 Sem disholl vz} ako] 3ml HEE 4
1A 24A)7F kBt Th 2447 WY F de A2
slFa g AMg3te, 10°09] M2t 24A7E B A
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AsslEA] vlaskg e
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Aate TNFe %2 WEHII64 24X F(parent cell
line) & OI*&a bicassay'” & %7 3}"5‘4 WEHI164
EAEEE OBwelll plate)] well 2 10709 AMEs
Al 12)\17‘_} HH % _'_, ﬂﬂﬂ% )‘L”I )\}.5 Hﬂokou =
1/2 g8 o2 wssto] welloll 7 7eted 36412
7he o ikttt R F AEe] AlYES MTT
(dimethylthiazolyl ~ diphenyltetrazolium  bromide)
assay® 4. MTT 44 (2mg/mDg well
50U W Il 4K B9h ikl ek 1%

”T" T,. T
(200g, 1088kt 28 e Azde van
DMSO(dimethy! sulfoxide)& 150ul/well ¥ 31 1582

T 5o AojFAddh &Y W% &, micropalte
#5571 (Molecular Devices A, 299 Thermo-max)
2 4P0nmolA EF=E HAEU AEZ
o5t o] Pkl
cytotoxicity(%) = 100 - (optical density with TNF
Joptical density without TNF) % 100
EFe®, Zbzie] EAEFEQ NCI-H2058%
WEHII64o] disir) BHE Yo JETH g4
& A TNFE AsteAs gelstgdu,

/\].U]—%

(cytotoxicity )<

7. SMES} TNF SAx} 012 MES] TNFo
thet 2y 55

H2058% WEHI164 ZA X3 TNF F477} o]
A M EF(H2058-TNF 8 WEHI64-TNF) & zhzh
welld 10°4 24 %Bwell plated] A& F 1247 )
%8 thg TNF(recombinant human TNF-a, Gen-
527 Ing/ml, 10ng/ml, 100ng/ml
E 2% wellol] H71stdth 36412 #71 vl F A
S AMGEE MTT assay® &48bgth

zyme AHE

8. 41 &AM

BE Age] adZe H & ¥4 9 X standard
error of mean)= YERQI 3, 7} 2749
FHE +-HAAHS HE39ch

vl A

4 =
1. DNA =ZojlM SHX} ofeiel &lol

NCI-H2058% WEHI164 A E£530] TNF #3127}

AU oA AeAE B8] Y3te] PCRS Al
%‘o}‘}?ﬂ TNF $344E oA 7A &L ZAX9

24 &9 pLTI2SN(TNF)Z PCR A7 A€ &
A A71gEstd nlastdckFig. 3). 2 43 TNF
F4A71 ol9l® NCI-H2068-TNF¢} WEHII64-
TNF MEF 2 94 gz pLTI2SNE 790
base pair #7]¢] A3 DNA bandS Hol: ¥t %
HEFQ NCI-H20585 WEHII64o] A 790base
pair® DNA band”} 23} ¢ho}A retroviral vector
£ ol 8% F14 o]gol ol FAHSS AN & g
At

2. 0|8 ST X wWaiof 2|8t chMol &0l

1) ELISAE 0|83 TNF &sio| ol

ELISAZ NCI-H2058-TNF$} WEHI164-TNF&
wjopat AF2 wjokole] TNFUS &4 8 ATHEET
A Fig. 4 #1), NCI-H2058-TNFE 236+0.84ng/
24n/10° cells®] TNFE A4Hete 2 WEHII64-TNF
= 12.24036ng/240/10%cells®) TNFE A438h9iv,
dhd zhzbe] W4 Q) NCI-H2058% WEHII64%
TNFE A3 AarstA et

2. MAEl TNFO| MEEN EYE &Y

FEE ol TNF7F WEHIIS4 RAEE Fole
ZAE S EETMFg 502 A3, TNFR3

olgJo] DNA F&EoA H= il ELISAE ]
&3t TNFE A4tghe] &<l NCI-H2058-TNF
o} WEHII64-TNFE wi¥sle AL ufgoof

o @

@ ® 066

@ pLT12SN(TNF)
® Marker DNA

@ NCI-H2058-TNF
@ NCI-H2058

® WEHI164-TNF
® WEHI164

Fig. 3. Agarose gel electrophoresis of Neo® gene
PCR. amplification.
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WEHII64 EAZE Folx AXAITEE BFETH
3 vlmsle] ALkEl TNF] A28 G458 54
stgch TNF fax old| AxFoa 2dd A
2383 242 2d TNF9 %-& NCI-H2058-TNF
A4 3231152ng/24h-10%ells©] 913, WEHI164~
TNFS} 7%$E 109+ 1.47ng/24h-10%ellso) KTk ¥
o] 2T o2 TNF #44 o|g& 8x &e 7+
7he) BAZFEE wdstel 4L widdd Fee
WEHII64 X3 Algg dovyix] gdch

el AgdolA, TNF 34745 olgigkg TNF Z
$43<l NCI-H20587 WEHII64 5 A EF Bl A
gt on gAE Ad TNFE &8z 87

Fig. 7. Comparison of sensitivity of WEHI164 to
exogenous soluble TNF before and after
TNF-d gene transfer(p<0.01).
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£ TNF FE 100ng/miol A ZAHEE 25+-3%2) 4]
FE4e B9 ¥y TNF #34 oy o= 3+
2%9 MEEHE Bo BAH R F93 Zol7} g}
ATHp<0.01). 18] 51, WEHI-164¢] A 9% TNF %
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Tumor Necrosis Factory 1975 A#E BCGE
AR g WFALE FolA 4L AF 2 A4
A 2AG olF, 7] & MEe AA Wn vivo)ol
Ae 2894 AAE dod|x, A 9Gn vitro)ol A
= cytolysisE 2ol ¥EA ok oy, ole
TNF2| &k Ao thgk NELEARS QA 283517
de #AAel Avk F, TNF7F &34 etas
& vEld & JE $3-8 400~500ug/kg/day o) A 2+
Slg/kg/day ©] o2& TNFO AXNEA wjio]
Ao T4 4 gith olad TNFo AAEAS 738
AA TNFY 2348 YA &) f18ted, TNF &
AZAE FAEF o]GATI L DHEANAM GAE
FHNA T TNFQ] 557t =4 F78Hs dhdo] A

THYT old A E F, AA 9(n vitro) AP B
2 71 wiebs 2E, TNFol ZFAdol oA
TNFe)| &3] &% EAXZ7F TNF f4d27 25
o o]gH i A= TNFY AZEA40 WAds 24l
v A7 At RuE: ek mEbA, B dT
v A $9F AEZF(NCI-H2058)9 A4 4+
5T AXF(WEHII64) TNF-o §HAE ret-
rovirusg ©]8-3ke] o]yt olq] HFe] TNFe
ek el ARE vias) 24 FH9d. 2 A
TNF A4 01922 TNF| AZEA g WA
AT olg} 2 AFAle] AT A
AT RIES AFRY TNF &
AZE 1L929(AF 9 AH&F AEZF) olysta
TNFE #3A17]8 TNF /22 7F old® L1929~
TNF AEFE TNFo &) of$ Zd4ido) 9wt A
do] vty oix WS YehAT L Bug At
AR, wd, Abg HYg AEFo] TNF-a +d7
£ o]9lsl A4 W(nude mouse)ol FH3 AF =
%9 Aol AAHYA WL 9L AUME dn A
Hog F¥ AEEC] o} vk Bnug a7
£ ofH A7 Al “INF F3#} o] & TNFol
o3 WA g5 ez 498 F Al ofgt #Ale
715 SHAIRE gre] A8 2 71Ee doiA HIFUL
HART D B 4 e OE dAFdA s TNFol 7
FAo] i AEFS ZR-5-1(A s F3 Al EF)
2 TNFE A& A2 WA At ekstd TNF WA
£ clonee] £dsl=d o] cloneg HeA o
2 g A9, TNFel Ud& HolA € cloneoi A
TNFE AR 2w A EF7F TNFE Aalshs A
252 b RuFPU?. w ovsg AT
TNFo| Aol &8 AEZFU L90EHE A )
FEol TNFoll W4d& 2olx cloned LI929rel A
TNF7F A2bg e Bustgdo®, o)del A7 nus
< EdZ 3% FuzE TNF FHAE olqdsin
4 A7 TNFE £815HA 319 £u)g TNFo o )
A AoldE AEXE Aplo] EH|g TNFEYE ol
9 Ro| A Fojgk TNFe Uld& B Aolghs A&
o A& AF 15w AGEN o Ao
g9 5 ATk

TNF 37 o]9d& A l(in vivo)ollA Ag3sh
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A$E, TNF #3AE  tumor-infiltrating-lym-
phocyte(TIL)ell ©1§) % 8tal X 8o A=t Qe
Aol 1 e} & & glu}. 3, H|E A o) A
A4 TNFoll of'sl Z4e] 9 WAL Yehlle
AEZHE TNF $448 288 A, A2 ol
A EA g gl Aol nugm ek o] A
T BdE AR WA dAEFRRE 488 TNF
7)Ao e ZEHU AEEAY o] ol 3
AAQ W] AT 598 B8 o= ¢
Az A U AFE JAdT T B4 & sl
E =59 47 Zast ‘dH T TNF FAAE o]
st 2FE TNF/F A4 GAE] AZEALE ¢
oA e aHE 7lstEE AEE TNF §349] o
dog gAE7F TNF] st UAdS 85814 2
2R A /dstiE g agels 4 J8'g w
gl o], TNF 3=} ool &% A e~ 14
Al detaste] Bo) o} d7v dastela Add
o} ®ek olyal, TNF F4AE ol TILY 7
£ A QA TNF 47 E3o] 7ohe F=
Z B XE EA glolA FHEF Al o
TNF 34 olgat 29 A i Aol 2 o] &
Tt Bag AR A7

2 o
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