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Natural killer (NK) cell activity against 4 different sublines of a permanent cell line
KU-2 derived from human renal cell carcinoma were measured by 5!Cr-release assay and
single cell binding assay.

KU-2 and its sublines exhibited different susceptibilities of interferon (IFN )-augmented
NK cell cytotoxicity. Moreover, 2 out of 4 sublines changed in susceptibility to NK cell
cytotoxicity in a few months. Along with the direct assay for NK cell activity, frequency
and kinetics of NK cell-mediated cytotoxicity against 3 sublines were studied by single cell
binding assay where spontaneous killing of target cells was directly visualized by the reading
of trypan blue uptake into target cells among effector-target cell conjugates. The frequency
of killer cells among conjugates was dependent on the susceptibility of the sublines to the
IFN-augmented NK cell cytotoxicity.

These results suggested the following: (1) KU-2 cell line was not homogenous but com-
posed of a heterogenous population of cells and (2) even in one subline derived from a clone,
the cells with different susceptibilities to NK cell-mediated cytotoxicity developed sponta-

neously in ordinary culture conditions with the passage of a certain period of time.
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ASOBERRL, EHEECHBOR % MR
I OEBRINEZY. BB 7 v — v BIRY S0
EALHIET HMET, ZDOREK: (heterogencity)
PEB LIBT3 R D2k, BEMAAER
DH LD LB TORBERBH O B@% < < vkt
FRLIETEOBBEEIOERC bbb, B
WEEBET B LN TEBLDEELLR TV 5. B
A0, v BipEdREEE KU-22 2,
—HC B —e MIRREER & Ul Y Hbh T BB
fakkc d AR, MR B DR - R oM
JRERAEEh B EERLE. SEbR b R,
KU-2 gtk b 5Bt Lic 7 » — vEBROR LT, 32
EEF M heterogeneity & natural killer (NK)
FIRIEHEC 5 5 JRE M L ic o\ TREPR N Fo D C
WwET 5.
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FHEE L UEE

(1) e +FRMMmY v (PBL) D4t

~2Y vine RS E b Bdyum® DA EICEL
T Ficoll-Rompacon (Lymphoprep®. Nyegaard
and Co. Oslo) &\ lbEROLIET PBL %438
Lie. 107/ml & PBL ¥ FEL, 7525,
I NDOMBEMEEFIR LT BREYBELLD. PBL
TEETIE~2Y vin~s v 2 A%, PBL OiEiLiF
TRz, RPMI 1640 (Gibco. New York)
2, 3.7g/1 EYLAEREMmE (FCS) (Gibeo) #
107RE (VIV) ieh st icdo (Zhe
Fava-A ETB) REGE BRRBREH, 254
v A-A T 5x 108 PBL/m] 3§ L7z,

(2) BEFMa

HIRAMPIZ X B Single cell cloning ic X b
KU2ffla X b SHEs i 138EED 7 » — v B0 D T8
BREA L » 7205, 4fofk (N-7,8,10,13) % ks
M IRTR, BRI TERCAG:. Chbo
MO L LT, HH (v 60mg/l $I°
0.292 g/l © L-glutamine *&ts1 — 74 MEM (H
KB, W), 3.7g/l DEY L FCS (10% V/V)
Iz tcb DR,

(3) NK #flaiEt: ok

A5 4 v A-A T 5x105/ml 1w J§Me L% PBL i,
S00IU e b aflf v&~7 2 » v (IFN-a) (Well-
feron®, 1x10"IU/mg TR, fEALFETE), BB\
i3, 0.1 KE © OK432 (v t=—n® hsipisg)
A TIWERBER L, DWTAF 4 v a-A €2

5% 19855

B LT, Zhsioilt 5x108/ml wFAEH LT,
Zh % Effector cell (EC) & L7

(4) NK #ipaiEts o RE

B KU-2 BB\t 048D subline
D5 X10@AXFh Fh<F VI (35mm, Falcon.
California) %, BH, LWV AF 4 v 4-A LS
ml TR, 50g Ci OEE7 m ATV VA
(3*Cr. LI M2 T, 1~ 5REHEERL
Fz. DWT Y Sy TR S ERER, AT 4 VA
-A C3EME%RL, Thi 105/ml HEHREE L TEN
Mifm (TC) & L. 96well pUFEH <1 7r7V
— 1} (6.4 mm. Falcon, USA) »%& well & TC o
1001 &, EC HBWEAT ¢ ¥ A-A HELT,
EC:TC H2350: 1, 25: 1, 12: 1 @ well %1
L7 & well DEEIT 200 pl & L. FERRC EC
BEED, bbbz 2% Triton-X 100 ¥7ci, #
5w a-A BNzt well LEML, FhERYE
K 5'Cr AL, B 'Cr KA well & L%
=4 7nFL—t% 37°C T4 RHEIEERL, TOLE
10pl 75 AF 9 2F 2 —7RHBELTC T AV Y
Z =TT BHREEERNE L. TXTo KR,
triplicate Tk irbhic. NK filaiE#: (% cyto-
toxicity) 1T TFoRic X b EH L.
% cytotoxicity
_EB S'Cr Jit (cpm) —HA S'Cr f&H (cpm)

A SICr il (cpm) —HA 5'Cr fiH (cpm)

x 100

£ 7 v — vfiflatkextd s NK AIfREH% X v &8
B s+ %5 J#k & LT Total lytic unit (TLU)®
BEE U

TLU

_ 10 EC
1 lytic unit (LU) o EC MfakK

7t¥, 1LU &iX, 30% cytotoxicity %182 0w
HFle EC oM TH 5.

(5) Single cell binding assay

Grimm & Bonavida® DG HE UCERY K
7t otz 100 ug @ Poly-L-Lysin (m.w, 30,000 .Si-
gma Chemical Co. St Louis) % U v\, 7 » —
(PBS)/ml =¥fEL, Zh%x~X+ VI (35mm, Fa-
leon) W &0 C | KFMKEE, Ch¥BRELTH
R i, 05ml D274 ¥ A-A TEHI R
2 x 1@ EC & TC %2EML, 37°C Tl05fEE:
RLUCRIGERL, HwOHE, 05ml o LEPBEL,
OWCIEER R EC & TC ofSA% e
HIT, 2AY =Xy MRV, # 10E 88
Lic. 45°C @0.5% 7 % n — AW (Agar CM®4:{p2
T¥) % 5ml Oy +CRI0ERARL AL,
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70 2ml %3320k, 0.5ml o EC. TC K
iz T o< WERLEDS, %0 02~03ml %
FRE L~ b ) e 5o inge <, T
p— AEPEE IR, 1ml 025 4 7 A-AZHH»
CHEEL, CO: 1 vdN—x—TEHELL. #
Brc < MYV OHL, 0.4% Vv 7 r—%mnh
2 TS HREIRE IR, 2574 v A-A THNMCHEEL
TrYAvTa—FhELRE. BEOTRETEEL,
100fEL LD EC %%, FD5H TC EFEHLT
VB Y VB, Eho) voEREEALANSERL
Twa TC ot Bzt RARCHBE LT EC %
¥, TC OADT 7 v — AEHZ BB O F BRI HE
STPEBLL, TC A F Y v 7 A —CHREIRILNT
ERERT LR L.

= 2

F—a EC 23, RKU-2 #ifak L% D 4D sub-
line @t L CHT5 NK fiflaiEtes gL /o (Fig.
1). Subline 13 & 7 % TC & L7354, KU=2 41
Rz < 5, EC i3, \WIho EC: TC Hic kT
b, &bE NK filaiEtE %<7 755, subline 10 &
8 xL ik, KU-2 il ¢, &\ NK #ifa
EHEER L. S oZ LiX subline 13 £ 7 2%, sub-
line 10 & 8 Xb, ZoEBTHWbIh EC O
NK fMifaicst LT, BWEZHLR Lics &2 ER
T 5.
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Fig. I. NK cell activities of the IFN-stimu-

lated PBL against 4 different sublines
of KU-2 cells

5 Ao#EmE X b B PBL 2Tk I -7R
HoEROERY Table 1 ©iRd. KU-2 fiflax
TC &1L, IFN #li PBL % EC & Liz& o, EC
DFTH NK fifEkefiEL, Zof@hs o Total
lytic unit (TLU) ®3EL, Zh# 100 & LIBEE
D, #% subline Izx{3% EC o TLU »iEh,

Table 1. Susceptibility of KU-2 cells and their sublines to IFN-augmented
NK cell cytotoxicity.
(a) Cytotoxicity against KU-2 cells at a EC: TC ratio of 50:1.
(b) Subline 7 differs from KU-2 cells, subline 8 and subline 10 at
p<0.05. (c) Subline 8 differs from KU-2 cells at p<{0.01. (d) Total
lytic unit (TLU) of PBL against KU-2 cells is defined as 100,
Other values represent TLU against each subline as the percent of
that against KU-2 cells.
Relative NK susceptibility of
KU-2 and its sublines
" PBL . e
Time of Exp numeer Augx;:ted KU-2(% cytotoxucnty)m 7 8 10 13
1983.12 1 IFN-a 100()(41.9) 157 74 15 185
1984.1 2 IFN-a 100 (92.5) 136 54 55 31
0OK432 100 (55.5) 172 21 27 26
IFN- & 100 (35.5) - 36 - 49
1984.3 4 IFN- 100 (67.7) 130 77 88 142
IFN-a 100 (71.7) - - 17
Mean=+SD :100 148.8+16.8, 56.822. 1, 71.3+33.2, 91.7460.1,
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Table 2. Frequency and kinetics of IFN-augmented NK cell
cytotoxicity against 3 sublines of KU-2 cells

% lymphocytes % killer cells among
No. of Target cells % iymphocytes forming conjugates lymphocytes forming
Exp e forming conjugates.  that have lyzed target conjugates
in §~ 2hours. in 1~ 2hours.
1 clone8 4.50 0.63 16.7
13 4.90 1.18 23.1
2 clone8 6.30 0. 0.
13 4.75 0.98 18.2
3 clone8 3.94 0.40 10.0
13 4.32 0.70 22.2
4 clone8 1.22 0.28 na
13 4.0 0.26 10.0
§ clone8 5.41 0. 0.
7 8.01 1.12 14.3
6 clone8 4.19 0.26 8.3
7 2.48 0.48 14.3
7 clone8 4.40 1.0 na
7 3.40 1.80 27.3

FERRERTWS. Lich-T, TLU 21008 Eo
B4A, KU-2 fifgc i LT, %o subline » X b
B\ NK AIRRRZHEEFLTWAZ ERERL T
%. PBL (2, OK 432 4 B THE I T 5.
Subline 7 1, 3 Aoftm#EsbB7% EC oWww3h
XL Th, KU-2 filaX vE\y NK fifaksis
R L7hS, subline 8 1%, 5%» EC oF+% NK
Mg LT, KU2 it h\ShbiEfidRL
Jz. Subline 13 i3, 5% EC &1, 3%oD EC »
NK fifac, KU-2 fifgcie~, X o &sisy
”L, subline 10i¥, 1f» EC KL ToXk, &
WREZME R R TICBE feh 572, PBL % IFN-a &
OK 432 THIW L7dt (PBL ©(2)), 1EOER
Tl¥, % subline © NK $ifarkZmic B L CHZ D
FC R & 5B 7t S o 7. Subline 7 13, KU-2 #
f3, subline8 & 10 X hFHizE\ NK Mk
AL (P<0.05). % - subline 8 1, KU-2 41
fa & b EVBRZM: AR L (P<0.01).

# 1 B HORRIETTH 3 » B B Bk I = 7t
b TW3BA, subline 7 & 8 » NK MifarkSiic
KEREMTZ SR T WL, UL, subline 10 ¢
%, 1»BAK, NK MRERZHOET HnAabhT
W3,

KiIZ.% subline DREFHDE T OWT single
cell binding assay B\ T#5+ L7c (Table 2). EC
L TC TH 5% subline &% 1%t 1 DEETRAR
EL 28D TC MTHE L 7-&E, Table 2 2
RV VBRD1. 2~8. 0145 TC LEEATHZ LMY
L. ¥$7-TC &AL, 2o TC 2HBELTW
29 vRRiE, 260).8%LIFTH %A, subline 8
BHELTOB Y v FROEIAIL, subline 7 #E
LTWw3 ) v IROEIE XY B E D DIh ot
TC LEELTWB Y vARRD 5 BT, G TC
HET B ) vAROESH, Table 2 04 TR
LCHh%. Subline 8 & 13 Tix, 4R3I T,
subline 13 #E&E35 Y v HRoOEES, subline 8
BHETLHY VAROEA LI BWZ LMD, B
Bo#ERI, subline 7 & 8 LoOMITLREDLNS.
Ll Zo killer fIfRDEIA &, subline &) voe
R E DOfEAM L O —EOEEEED .

% z

NK iy, EEARoRE, B »2ViiE
Biesi 5 R oO—RE2E > L ShD hete-
rogenous 7tV vAREMTHSB. FhIF L Eo
TC M3l fFET5% & 85 target ‘structure
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(TS) #Z#& 35 NK #ifg®, 4«0 TC oFEEFD
TS %F7B#EL, BETH NK #ilak X oEathlit
FENRTHBO, Lnl, NK MG RE
R, HIBREED 2 h = X AR RET 5 d 0EBR T,
WIhd, WL oh0BRMOBEMEES AR T
kY, LrdZhboREfilagredkl LTELT
W5 NK MRS oR 2 ECERZBHE I T
&l LaL, Zhb ORGSR - -ERE
T, Blof&b TR, LR RicL
TEBREFFIRTHBZ L35 FThew. X5
T, ThooR—kRK X ¥ X% subline #Aig
FhTWBbITTHE. LichiaT, FRR—D0EEE
MBah b RAE LcHIlaR 2 BV ic NK #ifaEk o8
B BET 5 ERRe, PUBHIC T B RIS BT 55
ETH, FEEMIEEED heterogeneity DR EIC
SFCBE TS, ZoBERMASE, NK 4
fax e, MitaEcBiT s EREEALTWLS
2T RRDILSY vARAOZCHAREL 15T
Tiel, TC 0BECEMHFICSERL, 2ELF0K
HENL THRRRINABRELELORS.

EREEZ I v ML KU-2 fifad ke &3
1 5H#4k L, heterogeneity #BEL T & ¢k
5. KU2 il BETE X — K~ 2B EMES T
TEEGCHE, o KU2 fildl hoEEL4
# D subline R T%, subline 8 & 10 13fEE
FRRER B L TV BIZ 3 23h5d> 57, subline 7 & 13
TRE S BEEEAR LR T WD, SEDE
BA T, subline 7 13, KU-2 #ifa% subline 8 &
10 LT, NK MJaRSHNEZRCE S LR
IRhi. Fk subline 8k KU-2 g X v{E\» NK
HRREN R R THC AP LI, ol BEAT
X, ZDOKHE subline DX — F=vALXT5EE
FREEE, NK MRRESEH o B oW X EE
DFEBAA /2. LA L, marine lymphoma 7 & 438
L7e NK ffuRa R &, TRk, X 5K anti-asi-
alo GM; 2T Kawase 51k, NK Hifa,
in vivo ki 5 BEHRILILCELBEEL TV B E
FEERLTCN5S. Y% subline #HAWTSHEK
ATREF—-~ThH 5.

to Xy KU2 #fakic b NK kst o
HEOLHIRERDHD 200 7 v — v#-subline 7 &
SMERBE LI Litinbd, =D 2D subline
o NK Mgz, 3 » BMoREHMhe 3%
Binl, ¥Bico-EBHrHEB PBL kL Th
R OEEE R L EEBRE. VT 5, Bro-
oks B3, F o FDOEEMIEE LD subline #H

W, Ty b NK fllanfgREc>wTiRER L T
WaD, EOFER, —Eofilakkr b, BEEH AU
Hic &7 5 NK SRS % "3 X ¥ £ 0 subline
MNHARFEEL TS, EHRELTWB.

Table | KRINB 7 v — vifo NK HlaRS
HoERZ, EC & TC 75, LIRMiEEMAELELT
ER LB -1Bie kit s TC oBEOREY, KB
ChbblLibnThs. 2T, TC & EC %7
#e—ARTLN 1 CfER &R, NK filaREto%
B oW CHRE R I LTI, EROFENic PBL %
TIAFy 7L ETHEREL, BREBRELTWLBH,
B LU ToRELET SRy, %7, Rubin 5®
PRELTH B Z &L, TC EEATHY v 5
heterogenous 7#EMTHB, IR TW5. bhb
hoEBRTE, 4 subline » NK #ifgS L, EC
LOBRAR L ORIEEIIR bhich -7 (Table
2).TC LEERYE, BISHETTC 2BHEIRD ) v
Bix, NKiifal#% 5h%. Subline7 & 8 #H
WCHBL A, #A L TC 2EELTWSY
vBR—NK fifg—o a0 %\ ERE R, NK
MPAREZ OB subline 7 #HVERI DESR
T\wWb., ZoZ ki, IFN TH#Xhic PBL iz,
subline 8 X b subline 7 #FB#HL, HBET% NK
MRS SBREIRTWS o by, HEWIRFE—D
NK #fac i subline 2B h, FoMEELE
XL T, subline 7 DRFHOREN L DKL, &
B KRR A Us kb, BB, FOFHHD
BRI ERT 5 & Rl h 5. Subline 8 & 13 i
BILT%, subline 13 ®%=E3+2% Y v 25k 4 PBL
1, 3PBL =\ T subline 7 =35 ) v 5
IVEBBINRT WS, Lichi-»T Table | TR
bt subline 7, 8 21T 10 offloffageME L
To NK MFaREMo0ZRIT, H5REME« oM
VL THRBBDBhBE Ein 5.

BEpZ k<, KU-2 fifa> heterogeneity 12D
WT, NK fIfREtoms» bRE YL . #%
DEES IO LFRRC, in vitro KEWTRIRD
NSRBI OREME DTN D, in vivo TEEN
B LWL BRE T, FEIC B\ Tik broad 7niER
WEETS NK fifae~<re7s—2, HoH0LEF
OO THIRPEEOTBRI OB ED T, WK
RPCESAEEE L 2 r — VHIRESEIRI W TR D,
[ER 2L UCHIE, BEBE26T5, W5 EEMND
HEEEMIND. ThEFAke, RBRENT—EL
Tl TREREFET T E B select X hi-fika
BROIehinbdh, ==y ANOTBiEkYE -1,
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BB NK HREZHO L b B RESE U T
{ BT EMnb, in vive KBV Th, BEEMIAORE
BRT, HHEHRTE, LB OMIaLET ST
BEERELDRS. O EonMfakks 54 Us Ml
KHBDOR -7 v — v{IlAY, X bEEMcHST
BlE LY, BEREORBEE~NOEENIOREE
LB RS.
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