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LYMPHOKINE-ACTIVATED KILLER (LAK) THERAPY FOR
ADVANCED RENAL CELL CARCINOMA : CLINICAL STUDY
ON ARTERIAL LAK THERAPY AND EXPERIMENTAL
STUDY ON LAK CELL ACTIVITY

Masamichi Hayakawa
From the Deparrtment of Urology, School of Medicine, University of the Ryukyus

Experimental and clinical studies were conducted on lymphokine-activated killer (LAK) cell
therapy for advanced renal cell carcinoma (RCC). The traffic assay using radiolabeled LAK
cells indicated short-term but appreciable accumulation of LAK cells in the tumor site when
transarterially infused. By contrast, systemically infused LAK cells were localized not to the
tumor tissue but to the lung. Therefore, we began treatment of the patients with extrapulmonary
metastases by means of regional arterial administration of LAK cells and those who had pulmonary
metastases by a systemic LAK therapy. Regimen of Interleukin-2 (IL-2) administration was
bolus infusion of 5X 10U IL-2 twice daily. Frequency of LAK cell administration varied from
one to three times a week depending upon the patient’s condition. Eight out of 16 metastases,
such as bone, muscle, and lymph node metastases, in 9 patients treated by arterial LAK therapy
showed regression. Side effects during LAK therapy were not serious. Past history of having
chemotherapy was an unfavorable factor that could reduce the sensitivity to LAK therapy.

Our laboratory study showed the production of Interferon (IFN)-gamma and Tumor
Necrosis Factor (TNF )-alpha by LAK cells when preincubated with RCC cells, which may in-
dicate the mechanism of LAK cell-mediated antitumor activity in vivo. The study also showed
that LAK cells as well as monocytes preincubated with the supernatant of LAK cells damaged
normal endothelial cells in vitro, which suggested the possibility that LAK therapy risks increas-
ing the frequency of brain metastasis by damaging the blood-brain barrier. Preincubation of
RCC cells with IFN for a certain period reduced sensitivity of the cells to cytolysis by LAK
cells in vitro. The optimum indication of regional arterial infusion therapy with LAK cells for

advanced RCC was discussed.
(Acta Urol. Jpn. 38: 1311-1318, 1992)

Key words: LAK therapy, Arterial administration, Advanced renal cell carcinoma, Cytokine
production
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CRETART L, = oEEOEWEAIOWTHER
PEXBMOER L N TRY LG+ 5. BECES
WEEOBFKICRT S LAK BiE:omBAd v EE
Te DT A5,
sl &

(1) o +BEeFAIER : Lewis 5 ., tOBOH
RFERE RB-2 B (FAPVAREAT ;AL v R
—, Dr. R.K. Babayan 7 5%#8) %, |l mm T
FA%7, rOBEHECHEL, BB, P2 FRL
fo.
(2} LAK 0#%&E: 5. o LAK 13, Bfass
Bets 108/ml ©3HAG L, -10°1U o rIL-2 (Hoffman
larsche, New Jersy) & & {r—Eifi® L 5a
L7 v LAK 1, f#3#%E (IBM 2997) %
FV-Tx 7 bufly coat 5%, Ficoll hypaque fLE
WHOLHETRKMMmMY v-<5k (PBL) 25 8L, “h%
S0 Hf7op r1l-2 (EEPEHEEM) Lidice~
5 AMEEELTHEE L. vk, 5. MRS
RAT v, 10%4RRM0E, 029 zg/ml O L-
INEIVELT, S0pgiml OF vE~A v vd
s PRMI 1640 TH%. Fie b LAK DOEE#HIIX
2% AB M@, L-71 % ¢ v, HEPES, ~=v
Yyv, AbVv7=q v rEgE&ts RPMI 1640 %/
AV AN
(3) LAK oo#Ez# :107/ml o35, + LAK & 400
#Ci *Cr 2z T 2RHEEERE, A7 v AT4H
L., v b LAK X 1.3x10%PBS 50 ml 3§
L, 552 pCi MIn-A %> v (Oxin) & & 2305
MR U TER L. FO%ACMIEC 2 mikE L,
LAK BEH A7 1 7 AREBLT 6 x10¢F (273
#Ci) 2EhE L. 7ok WMIn-Oxin 13k a v
& (WIN-CL) 25 FH Lfchd, +DHPIL Scheffel
BRO S HE U,
(4) MUafBEREDRITE  FEEHE R IE # I AE PI A
* S'Cr CHEE LT o h % Em#ila (TC) £ L, LAK
Efoke PEER (Mg) 2EBfl (EC) &L, W
FEh—ERHEELT, kKRB LT EC oMial
BEEM: R RE L.
Cytotoxicity (%)

= FERSCr it (cpm ) — EI AR5 Cr ficlly (cpm ) 100

X KSCr et (cpm )— BIARSCr & (cpm )
7eksiK S'Cr HHEI# TC % 2% Trion-X
THMLIBED 5Cr JHHBTH 5.
(5) HA rAfvDEREC & TC %2 10w
BT BRI LB L, BB\ BB D
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mExHREE LT, £ interferon (IFN)y &
Tumor Necrosis Factor (TNF)-a OHli%xHIEL
fo. TC L LT, e BEEEEME Caki-12 53
WL ECESM Ay By, IFN-y oML, e b
IFN-7 L hiexT 20 CTRIELI e Y 2 mikE
DL NS\ ik 52 5 B BER IHF - b
(I FV+E) ZHAVWCHIEE R, TNF-a 3
TNF-a Hife% A\ 7o Elisa 3 (KIFHEW) CRIE
L7z,

(6) B PR Mg 58t - 7 EYIB M BT % $RER
L, ZoFo#RcERKEY L TMERS#EREL
fo. DOWTHEIRPSC 125 ng/ml collagenase Y%
37°C CISHHIEA X, MR DS Licfi i
EOITERL, 4RREMmFE (Gibeo) 205 % &1
RPMI 1640 iiFfE s, CO: 1 v¥a~—2—H
37°C TREE LY.

(77 LAK ¥ : LAK B#A% RRIL b rIL-2, 5x
151U #8426, #HH6 HM, AiEEE4bmnL
fo. BT, BE#R T, H 5\ Seldinger 3
X VEREANC S T~ F AR EBEOTRmMECEA
L. #B1~3@EDHET PBL #5481, LAK %
L7, LAK X, Rosenberg 5V O EL
T, 5% e VBT AT 3 vERO 9% AKX 75,000
IU © IL-2 %N fciBBA A 74 v AR L.
10° @R D LAK DM (50~200ml) #3581~
3EHRE L. BEREBE LT, MEBYhLE L
IFEFIC X LUEHET LAK %##51, SRHfE
BOBBEEPOE Lz 9 6l 1668 B 1 1B o8
L Lfc. LAK Bt 2 » AL EG 2N X 2
BRH¥EXIT-%. % LT minor response Ll k%
regression (R) & H b L1,

= S

1) LAK DEERST : BES -+ % IERABIRE
AR JA) LREBIRIEAR (IV) i, SCr T
BE U7c LAK %A LT, R BE& AR
SIRETENE & MER A IE LA (Fig. 1). EA2L6
WS TR, BIEREO AL, BERCL BN, SHfr
Bl b OIEBOBEHEES IR - 12, Lo LI #%ic
RABENICIR E A EERDBR BRI 1. DT
KAy & LAK Sffizfal Lz, g & g iE
Bl RCC MMicELLAERLTWBEMCHL
T, "n TEHM LA LAK 85 THR»OEAL
o, ZOBR, BEAKOSUACR Ty vF 757
+ =T, EBREEHL Y v 2E L, LAK 0—
NEBRFICTRVAENRDZ LB L. L L2
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B IR A 513 L A Y LAK % wash
out 3h, MM IT L (Fig. 2).
2) LAK SE:OBERAE : LAK o 52 ~

SHEMTH Y, 27 AR HRHELXT, VB IL-
2 BT COBERMSES Table | w77 L7, LAK »

SR EH T -7 GEFAIIEB EL R S Th » o
BB, 5% THD 1 ELRIEC L. —35,
Bk LICESI T B SR EE X s b Tefo
Yok G030, TOEEEDOSL8ERH (50
%) CRAz bRt 1ELNDOIETHNIL 3BT,
Shbfr (PD) »FZ%E (SD) Thh, HERALHF
Blix497 B OREGITH B, LAK D58 LK
MR L MBI LD I ot XHIEIWEAD 5

6hrs

0.41

18hr

% Injected (cpm) /Tissue Weight (g)

0.21

(n=2) (n=5) (n=4)

Time after administration

Fig. 1. Localization of radiolabeled-lymphocy-

tes (LAK cells) in tumor tissues at
each time after aortic injection.

Table 1.

1313

Fig. 2.

Time kinetics of localization of Indium-
labeled LAK cells in pulmonary metas-
tatic site and several normal organs.
Scintigrams were taken 0.5 hour (the
upper figure) and 2 hours (the lower
figure) after injection of the LAK cells.
Numbers in this figure indicate as fol-
lows; 2. liver, 3. spleen, 4. contra-lateral
lung, 5. metastatic site & ipsilateral
lung.

Clinical results of systemic or arterial administration of LAK
cells on advanced renal cell carcinoma
systemic infusion of IL-2.

in association with

®|L-2 - Bolus systemic administration of low-dose IL-2(5X10°U/day, 2x)

L, -
oLAK Cases

Mets

Response

Qutcome

1. Systemic infusion 9 Lu :

R :

Bo SD:
Med : 2 PD:
Br
Others : §

I . Regional arterial 9 Bo R

0+ Died : 7 (< 1year)
2 Alive: 2 (2 & 3mos)
7

8** Died © 3(( 1year)

infusion Mus : SD: 5 2 (29&32 mos)
Ly : PD: 3 Alive: 4 (4~49mos)
Others : 6
Lu:lung, Bo: bone, Med : mediastinum
Br: brain, Mus  muscle, Ly :lymph node

R :regression
* ! No. of patients

*% ; No. of metastases
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BHE s e E A 10g/dl DT & e - TefiEfR 447,
/MR 5 TET 2% RO e BB i b DIk
-1z,

VB S, BECEEHE» S, HROTHHE
FLFRAEIRBEFIOWTHRE LA (Table 2). i
B, HIbREY R eRE 3 GO S IERED S
B, AEBHEN SD & PD %R Lic. BEIBHOMAL
FC clear cell subtype &@MiEh7-fir 64 (12
BB ), mixed subtype 533 ] (4HBH) TH-
7o43, clear cell subtype DI2EEBHED 5 b 7B
IRARED bl BB RORBEENBEI e dhic
DXIFFSFTH D, 2B spindle cell type D
RCC %@, 0 4EBHPR22, PD A2 TH
21, RIWVWIShLPROFEHRL 2P FEE A
7o
3) ZERERIEE

A: LAK oA r»4 vEAFE-LAK % Caki-l
R HCEEMR L —EREERL, ToEEREFO
B4 b A A vERER LK (Table 3). ZD#E, LAK
& Caki-l #ifaxrs+sz kb, 6 BT
TIFEHT 551U/ml @ IFN-y & 3,460 pg/ml o

Table 2. Factors influencing response in
arterial LAK cell therapy.
R; regression, SD ; stable disease,
PD; progressive disease, Mets;
metastases.

Tumor Cell Type
Prior_therapy Kidney Mets
Chemotherapy IFNs  None

R(8) [1] 2 (3 1 2 1 5

sD(5) 2 12 32 ] 3 2

PD(3) [3] L 2 1 E 0
100

Cytotoxicity (%)

115 19924

Table 3. Cytokine-production by LAK cells
cultured with target cells

Target Cells/Time of Culture with LAK

Caki~] Celis Autotumor Cells

6hrs 12 24 6hrs 12 24

IFN-gamma (1U/ng) 55* 266 247 14 48 &5
(n=7) (n=5)

TNF-alpha (pg/mt) 3460 n.p 1968 90 5 44

(n=6) (n=1)

n.p. : not performed
*  mean value

TNF-a 24 Ihf:. LAK *HACESMk: &5
LB, @A Fh 4 v oiEAR Caki-l fllge o
RS R I LTRSS, R 6 BEEgIC T DE
EnRohic.

B: LAK o F#FMEMN LM s 728 s
Be— i R o b BN B L 7o IE R B P B
faomiEEMlY TC L L, Thi Cr CE#H
LT, BE (AfE) £H4£R (BC) » LAK % EC
LLT, EC & TC ot#%80: | TRIRREESEMEY
WL TOKEHAHD LAK & mENEM
fac w3 SRR LI (Fig. 3). —HAED
794+ (M$) 3, MEREERYEE LV,
Mo %H7dh - CHIERO LAK 5235 LVE L 24RHIE%
AL, ARMRCYTHEERYRTIOC ks
7o LA LEDOEML, LAK OFEEL DX ME
ﬁ‘of:.

C: LAK M XiF$ IFN ofFE-Caki-1 M
% HHh U IFN-y L ERERBLI-OBR, &
h% TC &L, LAK iEHREIE L. TC % IFN
&b ) BERETALE LB 4, LAK wxht 3 TC
OREEHIEE Ly, 16 BT B LB 4,

D Exp. 1
- Exp.2

fi] Exp.3

LAK : Mother (Exp.1 &2) & Baby (Exp.3}
Supernatant : LAK + Cancer cell
EC/TC : 80/1

TC : Endothelial cell

F

LAK NK

M#¢ alone

Supernatant  M¢+ Supernatant

Fig. 3. Cytotoxicity of LAK cells or monocytes against nomal endothelial cells.
Autologous as well as allogeneic LAK cells lyse normal endothelial cells
isolated from umbilical cord obtained by means of cesarean section.
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%
75 1 Target : Caki-1 TC
9.6 EC/TC : 501 D IF:"f:rwo:u:::d v
16 hours
614 e 3
&
Q 0s
x
3
3 2.7
& 04
Control 10 IU/m¢ 100 IU/me 500 IU/m¢ Dose of IFN.?
Fig. 4. Preculture of target cells with [FN and its suppressive effect on

sensitivity of the cells to LAK-mediated cytotoxicity.
Value is mean of % cytotoxicities assayed in 3 experiments.

Table 4. Reported clinical results of IL-2 or IL-2 plus systemic LAK administration

for advanced renal cell carcinoma

Immunotherapy Dose

p (CR/PR) (%)

1) WL-2/LAK (Systemic)
s) Highdose IL-2

Rosenberg(1987) 10X10°U/kg bolus, 3 X/day 36 4/8 (33%)
Fisher  (1988) : : 2 2/3 (17)
Clark {1990} : H 9 0(0
West (1987)  3x10°U/m* continuous, 6 0/3 (50)
Koretz  (1991) 1 0(0)
b) Low-dose IL-2
Eberlein  (1988)  3X10*U/kg bolus, 3 X/day 10 0/3 (30)
Schoof  (1988) : 10 0/5 (50)
¥ {1991) 3X10°U/body bolus. 1~2X/day 14 0/3 (21)
2 (1991) 5X10°U/body bolus, 2 X/day ] 0(0
2) it-2 alone
Rosenberg (1988)  10X10*U/kg bolus, 3 X/day 54 4/8 (22)
Koretz  (1991)  3X10°U/m* continuous, 12 0(0

TC o LAK &3 5 REMH»E L KT L (Fig.

4). 2@ LAK {E#OE T 101U/ml @ IFN-y %
Buklr 3t bt D, 100I1U/ml A
oAt LAK BHEANSIES0 B El X hic. ok
IFN-a $F\C TC % RTALE L&D, IFNy ©
BE LA, TC © LAK ixtd 5 REwIVET
L.

z 2

ByEoEEEE LT, 1L-2 BT, H5\ik LAK
2 TIL LA CTHVbh, TOoPHRIVBERS
INRTVEBRTH Y, WELZOFMEIEE - TV
Tews. BT 2 IL-2 OREY HBREIL 20 Ta-
ble 4 =3B LJ-. systemic LAK #EEBIL T,

IL-2 % 2 ~300 584/ B LRV KEREE, &
HUTOLERFCKANINDH, Thicks\ T}
BHE (R+PR) 2¥HEHT, 0~50% Lkic
IHELL B KERE-TWS. LHL, CR
TAREREFC LrgRd b T e, oL, 1L-2
DOXEEHATS LAK BRI £ ORIEH 238
RN T\% (Table 5). $iz IL-2 x50 X WAL
% water-leak syndrome R LIcAEDRM (10
BLAE) 7330~60% DEET, FIioEMmE R M3
THEMAEHAECRDOR TS, PRATIEIH S
725, LAK EEROETCH LGB EIR TS, Lh
L, IL-2 »EBHLSEITIE, bhbhofid&nT,
BEELBIERBIRE STt TOMBS TILE
BROENEZATIESH LN, LAK BELLZOHOR
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Table 5. Toxicities and side effects of conventional LAK therapy

Wt gain . Thrombo-
()lgﬁ) Hypotension Dyspnes Anemia cytopenia Death
Systemic high-dose
-2 and LAK
Rosenberg (B) * N% 70% 18% 7% 4% 1%
Clark (B) 63 8 " 100 3 4
~ () L] 59 5 64 19 0
Systemic low-dose
iL-2 and LAK
Eberlein (B) 17% 3% 17% - 0
Thompson (C) [ - - 18 0 [
Our case (8) 0 0 ] “ 2 0

EBHE L OBENREBIhTEY, Wang® (% 23
%, hE1329% DB LAK BEHIKES Y
RBdlLBEL, TOREEIEROBEEZ T
Bz RO B MER ORERZ L bNFECEY, &
EEXYRELC-S. fiEBEECELE LT, I
78T, Ellison W 1%, IL-2 o5k
DIMMERMIDEEAR ORI EREL T3, bh
bhoEE T, LAK RNOEANEMEY in vitro
TEHENCEETS Z EARERATVWA. IHKC
LAK tEFHiaL o® EES, Mg 2FMLTRA
B MERERRYBETHZ LR SR, 20D
% bt TNF-a AEEh TW58, —Bic
TNF 2EEOEANRC/ERL, BEEAKLYEtc
Teb LB LT TEEYERTLED LR T
5. $£-»T LAK JEHEiCk\WTik, LAK 2030
DEENNENEMREERCHIL, [L-2 2 LAK
MEBETHHA b AL VT X B IR ERE~ DB
¥, 2L ORFIPMEEOBECHE, HRELT
MER OHIMCBIE LTV A TREMAE 2 Hhi. b
bW OFESTX, BEY IS, 5B 2AITH
FEh R VCEROBAEIBRE STV 5. —J5, 1L-2
® LAK & X % 88 o JIER L B O 3,
LAK D MES~o#EESe, EEOMMESIE /T
DLAEEMELHB. € - T in vivo IZkiTH LAK
2 IL-2 Oz, BEEHCHH LS +H 1 vD
EdueA LT, HEESHREEMTIOLKLLT, [
B BIfERAPHEO MBI S B Bib » T B TTHE
HHTRIh T3,
IEBHERCXT5 systemic LAK o8R8
FRFIEOWTHERC L VBRI THB. B
ek BR RS T HRT L LT, £FREXRIFTH
A ERNSETL WD, OBERITO Y v BREH
B2 Y, QEBIMIIHTHAZ L, @TY v
SRR HROBPABIEAER L L2, OIEEME

*(e)

: bolus infusion, **(C) : continuous

w5 MHC-HEDOEROBGE'S 7r F KR Sh
TWh. BEEEIEBFY, FPRBASCHOER
HoOFEY, NRHRELNORTHAR (LERECHST
BRI OB #4519 fe il LAK BEEOB DRI K
WEHE LTET LA TVS. bhbhoffoTn3d
LAK BIEEETIE, N8%hx THKRDHEFEEFL
A WCEREBABROER R R OCRE LI b b
b, BIFRER LAY, {LEEEEROL
ELERTEROBEERBESREYET X 5HT LD
EIE Ly e

IFN %{FA3¥5&, BEEMBEO MHC-7 32
[ BBVt MHC-7 5 A iR OREI R T 5,
L OH|EITS . BEMARCEIVTYS, IFN-a X
IFN-y it X 55%CMHC-7 5 2 | HiEMHE Xh
AW BEHLWRbAbRO in vitro DEBRITE
<, IFN ofiEic & b E@iilagko LAK filac
T AERELSFEI N, FLTHV bR IFN
DR IFN O 5 X AN THoIEL S B#
ETHHZ ETHEKE. ZOBMERED 2 H =X
AEEDEZABHINTELY, HEXX IFN K
£% 7 7 A- | URREBOME L LAK x5
REEHOET & OBJHIT DT, MR T5EENH
HINRTED, —FLTighL®

IFN X 2E\HiEoF Eciy, BEEMBRE IFN
& D—FERFELL EOE MBS LETH D, BERACD
IFN o5z X Wi - bic B Ih D L
5T 2 MBS, IFN ERBEMC KT 520
THEAC W TR SR Eh B RETH A .
BHCEEABR OB BT TS LAK ko
BST B LT, bhbh o, BRATERS
Ricd &S0k, BROBEGRY BB (Fig. 5)
slow growing 24 7 CHBED P.S. L B, IEBHE
DIGBRATRE . S EABHOEIR R TS . FABRRER
TR L TR Z EXBRBETH B, TIRTHESN T,
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/ﬂw
Lung, Lymph node, Bone, Muscie, Retropom* Brain
Skin, Others Liver, Kindney
[Erstomie CAR) =R (£] e ar

S R TS

)
/ N\
Prior chemotherapy
4 3
(). (=)
kS

[1FN | a——— [ Arterial LAK [*FN]
ST /

# =Nephrectomized & good P.S.

R=Resection

Fig. 5. Paradigm of a treatment order in multidisciplinary therapy incluing LAK
administration for patients with non-resectable metastases of renal cell
carcinoma. R & Local LAK; Resection of brain metastasis followed by local
infusion of LAK cells into the cavity

Wiy v L, IFN 2 LAK #ijao
systemic #E5%#175. LA L, LAK #ifazi53
AR E LT IFN IR T IR RELE
%2 T\A. systemic LAK T3, CR x 57
DIEAED IL-2 #PAT % 2 LD RNA TELE
Th D B, PURAI7: L A MTX £ 5FU
L E LICHBRIO KBRS LEETS. 5,
B B\ LER AR R e d LT, b LABIRRE
BRREMNLUA DT EIRIER L LT IR TED
¥, Ao TRE A FELEIRS B AuE LAK #ifao
B OwE-SEIRE TS5, Lo W/ e ¥ BN
#OET. b LEMSEERIRS e TFN &5
5. MEBBEE LT, IMMERMEMoRE L&
BIREDUREM: A B B> LAK Mo Bkt
T, ERBEOLD, b ABNEIRETTS. B
e 51 glioma W LTIFbht s I & <1® Yk
B LAK ORFHEA GBI T5.

LAK ity 4 b 24 v BB RIEL,
BRARET A —h =L D X E SRS,
LAK HER THIINES OB B RHRTL 2 L AW
HTH5.

B

=

EB BRSO AHES LT, systemic BB WIER
Bl LAK a7y, T OBKREEY #E L.
b T LAK flifaxr F\ ok Bt Ry 2%
L, #FEBREORRCRTS LAK BEOM
BT EEACOVCT SRR L .

I B L b, SEMTIb5H, BEBE~
LAK fifaxBTIe5 EMARETH - 1.

2}

2. EEEO rIL-2 (108U/day, 2x) #tFH Fo
LAK BhEERE T, BEREBERYhLE L
o, I6IEEAY AL, 8IEREKHE (CR, PR
or MR) 23z bh, B Z<{BMTH-T. —
75 systemic LAK ¥ s .00 9 BT -7
2, SRERbhich ot

3. PUEAC X ARTRELDREAETHH T O
DEEZ LR, Ei, EEMaY IFN &L i—E
HeflEET 5 &, LAK MifgoMifatEitr x5 % K
FWEAMET Lic. IFN §ikd LAK EopR LY H
ETHET LY 252 EFRBE IR

4, LAK #ipaix, in vitro TEBMES —EHE
EETA-ERL D, IFN-y ® TNF-a #E4£ LK.

5. MRS HE T LT, IFN BiEd D
VL systemic LAK SEENHEIGE 5. —F, B
HORESOEBEIR L, # 5 -7 A GEJREREE
BROH AT LAK BHEREL, £ WHTIR
IFN $EENEGE D, LAK fifag£ErHETRR
BoMmENEHaYHETSZ Lo, TNF-a EA
+5Z EMD, LAK EECBIE LGB EO HER
CHETALERDS.
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