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Purpose: Interferon-gamma (IFN-y), a cytokine .mediating cellular -immune
responses, has been reported to have antiproliferative and cyltotoxic effects

on tumor cells in vitre. IFN-y is also capable of enhancing immune responses

against tumor cells by increasing the expression of MHC class | and Il molecules
and tumor markers on cell surfaces. The present study focuses on the direct
antitumor effects of IFN-y on Renca cell line. '

Materials and Methods: Direct antiproliferative and cytotoxic effects of IFNwy -

were investigated in Renca cells by viable cell count using Trypan blue dye
exclusion. BrdU cell proliferation ELISA and LDH cytotoxicity detection assays
were performed in order to determine which effect was dominant by the IFN-y
treatment. DNA fragmentation assay showed that {FN-y induced apoptotic cell
death in Renca.

Results: The number of Renca cells attached to the culture plates reached only
61.5% that of untreated celis on the second day of incubation with 150Ufml of
IFN-y. Renca detachment began to increase after six days of culture. Trypan
Blue dye exclusion showed the attached or detached cell populations mostly
comprised of live or dead cells, respectively. It was observed that IFN-y had a
dose-dependent antiproliferative effect on Renca. Cytotoxicity measured by LDH
secretion into the culture supematant was not prominent, but assay for DNA
fragmentation revealed apoptosis-associated nucleosomal ladders in IFN-y-
treated Renca.

Conclusions: These results indicate that IFN-y by playing. antiproliferative roles
in early phase and induging apoptosis-mediated cell death in the later phase
could perform direct inhibitory effects on the Renca cell line.

(Korean .J Urol 2000; 41: 587~93)
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Interferon-gamma {(FN-9& 84319 T A 29 na-
tural killer A E<)jA B85 & cytokine 2 24 o 2] A
XEE BA3 AYE F AEAE Hehikg-& vislste
EZo|t}. B3t A Fol) 383t AE) FHE A
Ast 2AHAN A EZA & Ve AL apoptosisE
B2, QA L) class I H class I MHC #312)
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E2HE SV AU 8 g9 2y & FIA
7° A Zoj| YT HYW-E-E ST 8L &
= Ao 2 4 A vt &, A4 XY (renal cell car-
cinoma) PALA X ®5 U gag i wig A
A o] &L 9te]n, IFN-a, IFN-y, 1= interleukin-2
(IL-2)9} Z&-& AR 2o z1¥ete] 20% v e} ¥HE
e 2o}’ FN-w9} FNAE 7 ALg3lm 2y
in vitooll 4] BALB/c A3 9] 214 X M X2 Renca
{renal cell adenocarcinoma) A 29 F4& A8} in
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vivoo] 4| Renca %49 43§ AAF Bav) glon)
Nonomura '€ 1ZF A4 £ A E5¢] OUR-10 A)
XA FN-yell 93] Fas 84 w)7) apoptosise] o
# AFAe] FUKle Aer Rk N X
A £59 Renca B OUR-10& M| £31] AA¢” F
&0 Wy QA XS Fo| v}ge A) Lo A FN-
v, IFN-¢ ¥ tumor nectosis factor-alpha (TNF-¢)8] @5
B W§ Al osta] XA fdd B ol
2}, Fas &4 w714 apoptosisel] thd FAd0] o}
Ae Aoz A Qo

Had dA4 A A8 9 s 49 dgs
H R DNA 94 8% At glelif Ao EFl & B
o] E-838 3L QU Alo| BEFlel & Al g3t BA L

T2 dPdol HhdAd A AL I

Aoz Aztdnt. A7 ¢ R ETR Bel FN4y%E F
%o WA A7 9 FAAX B A€ e
o] Yotz B, 53] FN-y fr A2 FF =3
e o] GA XA MHC ¥2 @ 439 g4
o BHE FUNL LR FFY B33 L #
dAZ sbe It FLE Sol BYAE I A
29| Fas-ull /08 A ZAL 3718 7tedel doka 4
2t = FN7L 23 AEE) Y& A HHFe
2 4L JANT = AFHE BY ¢ Yok 23y
Y5 2 A M5 Los o3 37 ¢ vist
22 BA Rl M2 §FF Solddy f24e 2
2Ad £E gon A8t geky FN4E ag
HH AHAZ ALR-3l7] fFAE o] Al EFRIS |
4573 Bid g A7 o] AESA 718 8
AZE ZH g A g 2 A5U gasivn
AZtE e} ¥ Ao e IFN-yw} BALB/c A3 9] 41
A Zetoll A G2l gk Renca M| EF2] BEA, A A
EAL 2 S0l MR e FGE Lotry) A5t thE
o] 478 ¢yt

ME o ey
1. MZBi Y =74

A5t 9) AAMFEAA {2 ¢ Renca HEFE= 10%
FBS#} antibiotic-antimycotic® $-§F RPMI1640
A& AF§3] 5% CO,, 37T 2 22504} £-21 8l
o541 2.8, Renca A X.2] A t)u}<ke) & 0.05% Try-
psin-0.2% EDTAE o]-&3to] AXE g7 A §
ThA) 3718 viR) o) A X E A 5lo} )kt A
Tk A& A7) Al 2k B5 GibcoBRL Co. (NY,
USA)el A -1 8} t}. Renca A} o g IFN-ye] 9
&g ol | ¢ 3l IFN-y (R&D Co., MN, USA)E
25-300 U/mle] 3 XE2 RPMIL640 v x| <] 345} 1-

BMA|, B, MRIE, MR WRID], 0|9, WES, OlME

84z A X E A HRA.
2. Renca M4 AN

150 U/mie} FN-y71 §+5-¥ RPMI1640 ¥jx] o) A Ren-
ca A £& W] F3AA 28 AH o8 AX %G @A
o] veto] R o] At ME} LA A B
i3le A2 E Bol A FES5 AR & AA 8}

3. BrdU csll proliferation ELISA

IFN-y& A =)@ Renca | £& )42 2 BrdU cell
proliferation ELISA (Boshringer Mannheim Co., Ger-
many}8 4 A} 8} t}. Renca A X8 96-well plate ({Co-
ming Co., USA}®) 3x10"* R 6x10%well Bl &2 B33}
il 2¥2} 0, 75, 150, ¥ 300 U/mle} FN-y7} @89 w)
R el A 4841t W] F ¥ BrdU labeling 898 7}8}o]
23t Bt kA F T WA E A A5 FixDenat £
Wog AXEE 27 5l3 DNAE denaturation A}l ¥
peroxidase’} 239 anti-BrdU ¥4 & Al-&5}o] DNA
3 3} o) AL-§-¥ pyrimidine analogue?l BidUE 4
A3l c}. Peroxidasee] 712 o2l tetramsethylbenzidine
< 7hsle] MAAIZ B 0hg-A ) of-& JltT 450nmo)
ool A FR =g 353l

4. LDH cytotoxicity detection assay

Renca A| X% &4 oj5he] WA= ¥8)8 & LDH
2] 9k& 23 3}& LDH cytotoxicity detection assay
(Boehringer Mannheim Co., Germany)}g A| 334t}
Rencad 96-well plateol] 381 242} 0, 25, 50, &
100 U/mle] IPN-y7} FH-9 vl =] oA 0-120713t B4
v kR v). A X g FE3A L P22 96-well plate
E §7 ¥ assay kit o] £33 diaphorase/NAD+,
todotetrazolium chloride R sodium lactate?} 389
8N g J1eke S0R A7 ¥ §eAX Y&
7b8kiL 490nme] mHeA FREE 233190 A
XEY PSS 387 Hsto ZF APl TNy
7} TR G vl A o) A ) %5 low control i,
2% titonX-100 (Sigma chemical Co., MO, USA}o] &
€ WA G A A 9k high control P& EFAIF T
MEFA AE-&L [Absld HF)-Absmllow control)/
Absuxthigh control)-Abssllow control}e] Fa]o] 2 A
gto] AlAsk o)

5. DNA £3 84 ZA

Renca Al Z o 150 U/mle) FNy& z}2} 48, 72, 28
3L 96A13L F] A v F 9% 6x10571 2] Renca Al
X E 1.5ml microtube2 &3] ¥ phosphate-buffered sa-
line (PBS)E 33] A3 3¥en, 94 &e)dlo PRSE A)
Ast3 2009] lysis buffer {20mM EDTA, 100mM Tris
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Fig. 1. Effect of [FN-y on Renca cell count. Renca cells
were treated with 150 U/ml of IFN-y (C, control, untreated
Renca; IFN-y, Renca cells treated with IFN-y), and attached
(®, w), or detached (O, V) cells from the culture plate
were collected and counted every other day for 8 days.

(pH 8.0), 0.8% sodium lauryl sarcosine)= 7}sle] A i
S 8| A 7t} of 7]l 2ple] RNase A (5mg/ml, Boe-
hringer Mannheim Co., Germany)E # 7}s}e] 379
A 1A ZE BE2-A) 7] a1, ©}A] 20p12] proteinase K (10mg/
ml, Boehringer Mannheim Co., Germany)= 7}sle] 50T
olA] 2o} wHg A7 DNAS ¥e)shelch DNA 37
34 oY= Renca Al| XA ¥2]g DNAZ 2% aga-
rose (Promega, WI, USA) gel 4ol 4] 36VE A7) 9%
Al 71 F ethidium bromide= Q4] gt UV transillumi-
nator 4ol 4 B2l

4 o}
1. IFN-y7} Renca M|Z A Zof o|x|= st

Renca Al ¥l of g IFN-y2] 23 Q1 28-S Lo}
B 7] 9]5ke] Renca A £E 150 U/ml 5 %=2] IFN-y7}
frd iAol A vl FsRA 2 HA o2 w g A
o] uicte] K@ A L9} FAHZ e NEE Fo}
A A XS A S AAE Y v FaE A Ee
BFole Mg 2R -8 AEFo FAavt File] b
Eyton w29, 49 2 6YA A 25+ 22 IFN-
& A sHA e 79| 61.5% 662% L 48.9% }.
W A9 vtetel] B&x]2] Rala K-f-5h= Al
Brole g F ALA7A = d 2T} & zfolE B
o)A ggto}, mieF T7] o= IFN-yS A &g FollA]
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Fig. 2. Hematoxylin and eosin stain of Renca after 96
hours of IFN-y treatment (C, control, untreated Renca; I,
Renca cells treated with IFN-y). Renca cells were cultured
for 96 hours in the presence of 150 U/ml of IFN-y.

Ff3 AESF7F FF8HA Stk w62 2
8UA IFN-YE A3t #olX ¥ /d F AXEFE 7
7} 4.6x10° 2 9.7x10° cell2A] o) &l ¥ 8] 150%
R 164.9% T7HSHA T (Fig. 1). A 4= AP A] A XS
trypan blue dye® ¢ A} slo] AL o] AE o] F-F FA}
g A3}, vpehol] NH2e A ¥ hREL PEF A
o, ERF MEE QTR S AXYS S+
At} Fig. 2& 47]8 Z7A 0 2 Renca A X & 4Y
kst & #ae daEA gx2F FNyS A
2 g ol A A EL] FE A Aole A2 vl FH A
uigtol] 5329 A9 F= FNYS A X g Tol|A &
A8 A< Holx Ut

2. IFN-7} Renca MZ2| Z4/ U £4ofl 0%
o8
(=]

IFN-y7} Renca A| 2] F4]o] v|A]= & At
7] 918t z}z} BrdU cell proliferation ELISA S A 8}
3} t}. Microplate wellel] 6.25x10* cel/ml 2 3.125x
10" cel/ml ‘g =2] A EHFAH S ¥F3ka FNyS @
o] 48A|3t Bt vt A3, =T e FH=7}
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Fig. 3. Effect of IFN-y on Renca cell proliferation measured
by BrdU cell proliferation ELISA. Renca cells were treated
with 0, 75, 150, and 300 U/ml of IFN-y for 48 hours in 96-
well plates. After labeling cells with BrdU for 2 hours, in-
corporated BrdU was detected by anti-BrdU-Peroxidase.
Absorbance at 450nm (Abssy) was measured using an EL-
ISA reader.
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Fig. 4. Effect of IFN-y on Renca cell death measured by
LDH cytotoxicity detection assay. Renca cells were treat-
ed with 0, 25, 50, and 100 U/ml of IFN-y for 0-120 hours.
After indicated treatment times, cell-free culture superna-
tant was transfered to another 96-well plate, and LDH con-
tent was measured at 490nm (Abs.y) after adding tetrazo-
lium, sodium lactate, and diaphorase/NAD+ reaction mix-
ture included in the assay kit.

0.356-0.370] 21 2.1} 75, 150 = 300 U/mle] IFN-y= =]
28 249 F3 %7} 2z} 03170278, 0274-0.28, 0.259-
0.263= et} IFN-y 557} S 718te] w2} Renca Al
Fo] AL vy Ao A5} (Fig. 3).

[FN-.y7} Al £ &30 3= 43S Doln ] 94
25-100 U/mle] IFN-yZ Renca Al ¥l 0-120A) 7+ 59t
2] g+ Fol Renca Al o]l 4] 4] 5 = LDHe] 42
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Fig. 5. Apoptosis of IFN-y-treated Renca. DNA was iso-
lated from Renca cells after treatment with IFN-y (150 U/ml)
for 48, 72, and 96 hours (IFN-y), or cells untreated (Control).
DNA fragmentation indicative of apoptosis was assessed
after electrophoresis through 2% agarose gel.

LDH cytotoxicity detection assay 574 g+ 23} [FN-y
< AP 7 AR FS FoA F AolE B
o] A gttt} (Fig. 4).

3. IFN-y7}| Renca A|i 2| apoptosis0i| O|x|= 2i3

Wik & 64 AN EH YeElgE LA X540 Z717}
Renca A 3£.¢] apoptosis®} & o] QYA S LolH )
913le] DNA ¥4 g4 HALS QA 8%} (Fig. 5).
[FN-yE A e8] Z2 FollA & g T 964 A
5]u] &} A DNA 3 o] #aE Qo [FNyS A ] 3t
T-ol| A = 72A] MK 5-E] DNA ¥4 3 4J o] A Z}x] o]
96X M o] = 5518 DNA B4 848 p3a 5 gl
A}

[
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BALB/c AJF o] A1M E <}l 23t Renca A 5
£ ©] &3}o] [FN-yo] gghatg-o thdl B A7} o]
FolA st} BALB/c AF 2doA [L-2 2 1-12,®
FAA (flavone acetic acid)®} IL-2," IFN-¢$} [FN-y,! &
<= [L-12 @50 2% in vitro &= in vivo RencaZ 9
A 5 d5°] THEHAL, FNye 53 [L12 &=
FAA 5°] 33t FL2E-S vrfstes B4 8R40
shtz 215 3 Qo e

[FN-yu} IL-12 59 Alo]| E7}Q1S o] &3 gotaw
< ol digk Aol F2e] By} FEZ o} F
Zoe &Y {FHAE o] &3 DNA WA g9 o] 72
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Hi e, ojd A EolHgAa-& F71AT
e REeYo A A EFS #AAE §A A
e G977t Bel 2P Hn ) A EFAQ £3
Ag A Zd A3 o] HEE Al)EFIAE 2~
22 g0 AYAE €A 3 AIVA A au A
AFE| & cytokinge] AFA] o] 73 o] B L
Ze AE, & AREFR] ES202g A A
e AYAE AN € 71%E YY) A £
224 Zldgte A3E Vel 4 85 € 4 o
th Wk Ale)EFEQIE] M EE A P§ /A AT
€ o5 g YAHA YA 2 A-E-57) §1@ 71 2@ 7
B2 F 23t}

£ AT A= BALB/c AF 4] AA X A EF
Renca A %& tlAto & IFNw9] 24 a2 £A}
BTt WA FNyE Renca A X M3 F A X4
€ 53¢ AToX FN4E A 2] § 7 2ol glojA
&2 R 44A AR HiFEAL] it RaE A%
o] 7t &l B3] WY PAAE G e} v o)
B/ A Xre F 2700 &10)71 fle A& Ko}
Wik F A 492 A W YR T AT 4 2
732 Fzsirtn AZE ], o] A7) [FN-y& Renca
A Foll Lo 7)) A X ZAL AAF AL
2 AZr"Ec}. o) § 23 Renca cellg o8] Fx9)
FN-y2 X 2] F 48A177kR) A EF4 4 & BA g
BrdU cell proliferation ELISA Z 3} ¢} < &8l c}.

ok F 6-8¢Alo & T © IFN-y H R ZolA
iAol K55 & A E7) F7kska vk @4 0) g
AR ASE 2 Uok 2 FNyE A2 2o
v 3 2T B3 AR A7) o} WA o g9
A27t 6] AT &3 vjR] o] i A XS
© da&Td v 8 IFN-y& AR o] ¥ Birh A
T2t HHEE 99L& AL ERAY T FNy A
2ol etsl AT} Fago] ZA2E7 HEL 5+ A
2}, tiypan bive FA LA H{E AFEV BT
MEE AoR Hol X R4 ¥l B FNyE
A2 g P A 2ol B8 A XA} o ) NE
He Aoz g :

IFN4E A2l % 2 5-of vl 64 ARE FHA TS
7t 718l @422 Kol IFN-y7} Renca 4 X9 ¢
gt AAHQ AXEEA RS vehd A28 J&
o], o] 3 M X EA L LDH assay9} DNA £ 8
4 ZAALE A A8 H ) LDH assayoj A& o 2F 3}
IFN-y A 2] #3F2] LDH #4] el & & Alo] 7} i
1}, DNA ¥4 84 ZAlolA = FN-y 2 29| 2] 8o
Renca A ¥4 DNA 4217 I 9S4 8
A=At o § A & [FN-y7} Fas 98 w72
Haux APHoz AEAE #2Y F A& e
At A X9 Fased 4& Q4 3t AHA XS 2
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W3} Fas ligands] AZ 2k 9l AXA) A E
9] AR A 9 Bol WM X PAgs} ¢
N47) 5] BF 52 YU d oz uig 283l
FN-y WA 843 4290 @A A X 238 A
FEGE Ve 2 HAA ] 9% 3L o
33 AAANZA e dol Actka A2E ). LDH assay
NN h2F3 FNyE A€ § 24 LDH #4)7} =
Al Aol vtA] gL 99 FN-yol) 8 8l A EF4 0]
AA| o] &4 8t wellol A W23 FN-y #] 2] 7t
o] AlZEa) o]zt A A EE FN-yyoll & A)
A7} XA 8] AYE7] qEU RS2 FPH}

HAZA) AP £ Aol AANXELE AR
A3l FN-¢ E& IFN+y @5, [FN-¢ + [FN-+y, IFN-z +
-2 5%% o] F{e) dAX 87} AlEse] gont,
A7y e FHol whel 20% A F2) response rated 1}
Ehd ¥ HAE AAEge] X8 A9 A8y
< o}z gle 43Foltt. T#) FN4= MHCY 23
F71° atel BEEE L T AE /A Wk
9 718 F2% & dE A ESRIL 2N AR
ol &&71540 gtin A7) FNyE xR
AESE ER L 2 I9hagA & 257 Aol
t}. Sayers §'& IFN-09} A %e] IFNvyE 37 AL &%
2 24 Renca A2 A& ANAOZ Y ¢
Ue Aoz Rudded, o)A & FN-¢ (100-1000 U/
ml) B FN-y (1-10 UWml) 2}A]¢] 9424 a8 §
4 F7vE AL R FN-ag) IFN-y3tol| synergistic & .1}
7t &2 AN R Yo, AA 2 o) Er}
athymic FH N & FE5H R L1, euthymic A
AR FAE e Ao 8 Hol IFN47 T-@ 2 ofj 7]
A HANRE AS5E Ao Ysiac. B A4
AlE olir} #eko] FNyE AHE-8l& o) Wl &
71l Al X2 S22 YA ARE Rolw, Wk X7
& Fas 3| 28 AR A &3 2 FALE apoptosis B
F25 ) o # § A= ) [FN-ye] A& 8
FUFY S Frliche 54340 A ¢ I&s
Werd . Sin §'°¢ FNy& §931 1L-12 plasmid
E DNA W43} Zo] £ F A) n}-f-2 I 40pg B}
= 20pg9] IL-12 plasmid 5o 32 A) DNA -2l
i A7) A3 S5k S-& Rudky ok wal
A Sayers 5, Al T R ¥ 2o A B of ¢
HHAY FoE A3 PNy @idE A48 A% &
o ZFol] W3 A 40| ¥R, BNy FAAY
FNy R4 #ARE A 428 4+ A% W
dlA FFe FN<t AAEE A& 2 B B4
gar gickan A, :
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IFN-y7} Renca A X2] o] v X J%g gopr
7] S8t AgE oA w FE Renoa A Eell FN-y
B AYst AR5 3P AP A i) )
Bt W ZT)ole MESY FOM7F oo, g
Z19l& WA o ¥ uypan blued] HAE &= A X
4=7} BopA ) BrdU call proliferation ELISA 72 A}bojj A
& FN48 X o AZF4 0] i v 2
2%E el R FN7t A ZAHE fdsherte
ol 7] ¢13] LDH cytotoxicity detection assay & 2
Al A1) IFN-y A 2] ) ) 2F 24 v A o) B2 g
LDHHE Z Alo| 7} 1.2}, DNA B3 94 AR}l
AE PNy 2 A 3 964) 7} ) of -rﬁ?i DNA %%i"]
VEld-& #3390}

Aoz %% IFN4E Renca A Xd| tf 5ol
27| 354 EAE AY, F7)9) = apoptosis
FEE BT AZAIE 42T 4 UL Aoz Y7y
o} o] 49 A2 Kol FgF FNyE o] 4% AY S
W EE FA% 2 AP oM FN4e] Al g2
2P AP AEEAL ol AR A%
& F7HAF) & igto] aE sl ook @i A2tgiel.
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