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Summary. Lymphok ine  activated killer (LAK)  cell 
activity against renal cancer cell lines was assessed in 
vitro using a crystal violet assay. A s tandard  4-h 
Slchromium release assay and a 48-h crystal violet 
assay showed that  bo th  natural  killer-susceptible 
(NC65) and -resistant ( A C H N )  renal cancer cell lines 
were sensitive to L A K  cells which had been generated 
by a 3-day incubat ion o f  peripheral b lood  mononucle-  
ar cells (PBMC) with recombinant  interleukin 2 (rIL- 
2). Opt imal  L A K  activity was generated by a 5-day 
culture o f  P B M C  with 1 U rIL-2/ml .  L A K  activity was 
enhanced by the presence o f  IL-2 in the crystal violet 
assay system, while it was suppressed by fresh autolo-  
gous serum. The suppressive effect was found  in serum 
f rom both  normal  donors  and patients with metastatic 
renal cell carc inoma,  suggesting that  non-specific sup- 
pressive factor(s) affecting L A K  cell activity were 
present in h u m a n  sera. 
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sive factor  - Crystal  violet assay 

Introduction 

Lymphok ine  activated killer (LAK)  cells were original- 
ly described by G r i m m  et al. [5] as interleukin 2 (IL-2)- 
activated effector cells. Natura l  killer (NK)-resistant as 
well as NK-susceptible target cells were lysed by L A K  
cells, and L A K  activity was demonst ra ted  against 
freshly isolated au to logous  and allogeneic tumor  cells 
as well as t umor  cell lines. 

Recent  results o f  clinical trials by  Rosenberg et al., 
in which in vitro generated au to logous  L A K  cells were 
infused with recombinant  (r) IL-2 into patients with 
advanced cancer,  demons t ra ted  a promising new ap- 
p roach  to the immuno the rapy  of  patients with metas- 
tatic cancer [14, 15]. A m o n g  the various malignancies 

treated in their study, renal cancer seems to have been 
one of  the most  sensitive targets. However ,  the precise 
an t i tumor  mechanism of  adoptively transferred L A K  
cells and IL-2 is not  unders tood  yet, and several 
different inhibi tory responses against L A K  activity by 
the host have been reported [3, 17]. Therefore,  we 
developed a simple non-isotopic  method  using crystal 
violet staining to assess the in vitro L A K  cell activity 
against renal cancer cell lines, and then utilized this 
experimental model  for  analyzing factors which modu-  
late L A K  cell activity both  at the induct ion and effector 
phases. 

Materials and methods 

Target cells 

Target cell lines used in the present study were the K562 myeloid 
leukemia cell line, the NC65 renal cell carcinoma cell line from Dr. E 
H. Schroeder, Department of Urology, Erasmus University Rotter- 
dam [6] and the ACHN renal cell carcinoma cell line from the 
American Type Culture Collection. All cell lines were maintained in 
RPMI 1640 medium (Nissui, Tokyo, Japan) supplemented with 10 % 
heat-inactivated fetal calf serum (FCS: Flow Laboratories, Inc., 
McLean, Va.), hereafter referred to as complete medium (CM). 

/L-2 

Purified human rIL-2 was obtained from Takeda Chemical Indu- 
stries Inc. (Osaka, Japan). Its specific activity was 3.5 N 10 4 units/mg 
protein as determined by the ability to maintain the NKC3 IL-2 
dependent murine cell line, as described previously [8], and was 
equivalent to 1.2 N 10 7 standard units/mg of rIL-2 provided by the 
Biological Response Modifier Program, NCI. 

Peripheral blood mononuclear cells 

Peripheral blood mononuclear cells (PBMC) were isolated from 
heparinized venous blood of healthy donors and from patients with 
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Table 1. Antitumor activities of fresh PBMC and LAK cells in 4-h 
51Cr release a s s a y  a 

Target % specific lysis at following E/T ratios 
cells 

Fresh PBMC LAK cells 

40:1 10:l 40:1 10:1 

K562 5 9 + 2  b 37_+3 83_  8 68_+7 
NC65 23 -+- 9 12 _+ 8 70 + 10 60 _+ 1 
ACHN -4 -+- 3 -3 ! 2 58 _ 7 30 -t- 3 

a Antitumor activities of PBMC cultured with 1 U rlL-2/ml for 
3 days and fresh PBMC from five normal donors were assessed in a 4- 
h 51Cr release assay 
b Mean _+ SD 

metastatic renal cell carcinoma by Ficoll-Paque (Pharmacia Fine 
Chemicals, Uppsala, Sweden) gradient centrifugation and were 
suspended in CM at a concentration of 1 X 106/ml as previously 
described [2]. Nonadherent cells obtained by a 1-h incubation of 
PBMC in a plastic dish (25,020, Corning Glass Works, Coming, NY) 
were referred as peripheral blood lymphocytes (PBL). 

Induction of lymphokine activated killer cells 

PBMC at 1 N 106/ml in CM were cultured with various concentra- 
tions of rIL-2 for 1 to 7 days at 37°C in a humidified atmosphere of 
5% CO2 in air in 25 cm 2 flasks (25,100: Corning). 

Human sera 

Peripheral blood was drawn from healthy donors and patients with 
metastatic renal cell carcinoma. After the blood had been allowed to 
clot and retract, the serum was removed by centrifugation and used 
as fresh autologous human serum (AHS). Human AB serum (Flow) 
was stored at -20°C, and was used as control human serum (CHS). 
AHS and CHS were used without heat-inactivation unless otherwise 
stated. 

51Cr-release assay 

A 4-h 51Cr release assay was performed as described previously [20]. 
Briefly, 100 gl labeled target cells (5 X 103) and 100 gl effector cells in 
different numbers were added to wells of round-bottomed microtiter 
plates (Linbro Chemical, Hamden, CT). After a 4-h incubation the 
supernatant was collected and the radioactivity was counted in a 
gamma counter. The percent lysis was calculated by the formula: 
[(experimental cpm - spontaneous cpm)/(maximum cpm - sponta- 
neous cpm)] X 100. Spontaneous cpm was the amount of 51Cr 
released from the target cells in the absence of effectors. Maximum 
cpm was the amount of 51Cr released from target cells lysed by the 
addition of 8 % Detergent 7X (Flow). 

Crystal violet assay 

Target cells (2)< 104) in 1 ml of CM were added to 24-well plates 
(25,820: Coming). After 20 h of incubation, effector cells at different 
numbers were added, and the plates were incubated at 37°C in 5% 
CO 2 for 48 h. The plates were then washed to remove effector cells 
and lysed target cells, and were fixed and stained with 0.5 % crystal 
violet in 20% methanol. The dye was eluted with Sorenson's buffer 
(6.1 ml of 0.1 M disodium citrate, 3.9 ml of 0.1N HC1, and 10 ml of 
95% ethanol), and the eluted material's absorbance at 570 nm was 
determined using a spectrophotometer (Shimazu Corporation, Kyo- 
to, Japan). The cytostatic and cytolytic activities were expressed as 
the percent growth inhibition, which was calculated as follows: 
[(control optical density(OD) - experimental OD)/control OD] × 
100. Control OD was determined from wells in which target cells 
were incubated alone. 

Stat&tical analys& 

All determination were made in triplicate, and statistical evaluation 
of the data was performed using the Student's t test. 

R e s u l t s  

Susceptibility of renal cell carcinoma cell lines 
to NK cells and LAK cells 

A C H N  a n d  N C 6 5  were  tes ted  fo r  suscep t ib i l i ty  to  f resh  

N K  cells a n d  L A K  cells (Tab les  1 a n d  2). P B M C  or  P B L  

expres sed  c o n s i d e r a b l e  a n t i t u m o r  ac t iv i ty  aga ins t  
N C 6 5  cells in a 4 h  51Cr re lease  assay  a n d  in a 4 8 h  

c rys ta l  v io le t  assay.  T h e i r  a n t i t u m o r  ac t iv i ty  was  

e n h a n c e d  by  cu l tu re  o f  e f f ec to r  cells wi th  IL-2.  O n  the  

o t h e r  h a n d ,  A C H N  cells were  ne i the r  lysed  n o r  g r o w t h  

i n h i b i t e d  by  P B M C  o r  P B L ,  whi le  t h e y  were  suscep t i -  

ble  to  L A K  cells in b o t h  assays.  

Optimal conditions for LAK induction 

P B M C  were  c u l t u r e d  fo r  3 days  wi th  d i f fe ren t  c o n c e n -  

t r a t i ons  o f  r IL -2  a n d  tes ted  aga ins t  N K - r e s i s t a n t  

A C H N  cells in a 48-h c rys ta l  v io le t  assay  (Fig .  1). 

G r o w t h  i n h i b i t o r y  ac t iv i ty  was de t ec t ab l e  w h e n  P B M C  

were  c u l t u r e d  wi th  0.1 U r I L - 2 / m l ,  r e a c h i n g  m a x i m u m  

ac t iv i ty  at  1-10 U / m l .  T h e n ,  P B M C  were  c u l t u r e d  wi th  

1 U r I L - 2 / m l  fo r  t i m e  in te rva l s  v a r y i n g  f r o m  1 to  7 

days .  A n  a n t i t u m o r  effect  was  e v i d e n t  on  d a y  3, a n d  

p e a k e d  o n  day  5 (Fig .  2). 

Enhancing effects of IL-2 at the effetor phase of LAK 

T h e  effects  o f  r IL -2  o n  L A K  ac t iv i ty  at  the  e f f ec to r  

phase  were  e x a m i n e d  us ing  a 48-h c rys ta l  v io l e t  assay.  
G r o w t h  i n h i b i t o r y  effects  o f  o p t i m a l l y  i n d u c e d  L A K  
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Table 2. Ant i tumor  activities of  fresh PBL and L A K  cells in 48-h crystal violet assay a 

Target cells % growth inhibition at following E /T  ratios 

Fresh PBL LAK cells 

20:1 5:1 1 .25:1 20:1  5:1 1 .25:1 

NC65 37 -k- l0 b 15 -t- 5 2 -t- 1 96 ± 2 76 ___ 9 39 t- 8 
A C H N  0.3 _+ 0.3 0.3 _+ 0.5 0.1 -t- 0.1 91 _+ 3 57 _+ 8 10 -t- 6 

a Ant i tumor  activities of  PBMC cultured with 1 U rIL-2/ml for 3 days and fresh PBL from five normal  donors were assessed in a 48-h crystal 
vioiet assay 
b Mean -t- SD 
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Fig. 1. PBMC from a normal donor were cultured with different 
concentrations of rIL-2 for 3 days, and growth inhibitory activities 
were assessed against A C H N  in a 48-h crystal violet assay at 10:1 
effector/target(E/T) ratio. The s tandard deviations did not  exceed 
10%. Similar results were obtained in 4 different donors 
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Fig. 2. PBMC from a normal  donor were cultured alone (©) or with 
1U r lL-2/ml (O) for various time intervals, and assessed for the 
ant i tumor activity against A C H N  in a 48-h crystal violet assay at 
10:1 E /T  ratio. The s tandard deviations did not  exceed 10%. Similar 
results were obtained in 3 different donors 
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Fig. 3. PBMC from 5 normal  donors were cultured alone or with 1 U 
rIL-2/ml for 5days,  and the ant i tumor activities were assessed 
against A C H N  in the presence of different concentrations of rIL-2 in 
the assay. The addition of rIL-2 significantly enhanced the LAK 
activity at all E /T  ratios tested (P < 0.01). Each point represents 
mean _+ SD of 5 separate experiments 

cells (5-day incubation with 1 U rIL-2/ml)  against 
A C H N  cells were enhanced when rlL-2 was added to 
the assay system (Fig. 3). This enhancement was 
dependent on rIL-2 doses and seen at all effector/target 
(E/T) ratios tested. By contrast, PBMC cultured alone 
for 5 days showed no ant i tumor activity even with the 
addition of IL-2 at the effector phase. 

Suppressive effects of fresh autologous serum 
at the effector phase of LAK 

To determine the effects of  human serum at the effector 
phase of  LAK cells, complete medium was either 
supplemented with 10% fresh autologous serum or 
with 10% control human AB serum. The LAK activity 
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Table3. Suppressive effects of  fresh autologous serum on LAK 
activity at the effector phase ~ 

L A K  cells % growth inhibition at 5:1 E/T ratio 

Control serum Autologous serum 

Normal donor 
1 5 6 + 5  3 3 + 5  
2 34+_2 22_+3 
3 45 _+ 7 23 +- 3 
4 50_+5 31_+4 
5 34 _+ 1 23 _+ 3 

Mean +- SD 44 +- 10 26 _+ 55 

RCC patient 
1 55_+7 27_+4 
2 46 _+ 5 23 _+ 4 
3 24_+ 1 13_+2 
4 51_+5 34_+4 
5 54_+1 45_+2 

Mean _+ SD 46 + 12 28 _+ 1U 

a PBMC from 5 healthy donors and 5 patients with metastatic renal 
cell carcinoma were cultured with 1 U r lL-2/ml for 5 days, and the 
ant i tumor activities were tested against A C H N  in a 48-h crystal violet 
assay in two different media: 1) CM + 10% control serum; 2) CM + 
10% fresh autologous serum 
b,c p < 0.01 compared with control serum 

was significantly reduced when 10% fresh autologous 
serum was added to the crystal violet assay as compa- 
red to CM supplemented with 10% control human AB 
serum (Table 3). The effector phase suppression was 
demonstrable using serum from both normal donors 
and patients with metastatic renal cell carcinoma. 
There were no difference in numbers of ACHN cells 
cultured for 2 days with fresh autologous serum and 
control human AB serum in the absence of effector 
cells. The suppressive activity of fresh serum was not 
abolished by heating at 56°C for 30 rain (Fig. 4). 

The effect of fresh autologous serum at the effector 
phase was also tested in a 4-h 5~Cr release assay (Fig. 5). 
However, the LAK activity was not reduced by the 
addition of fresh autologous serum in a short term 51Cr 
release assay. 

Discussion 

A short term 5~Cr release assay has been used to assess 
the cytotoxicity of NK and LAK cells against freshly 
isolated solid tumor cells and established tumor cell 
lines. When cultured tumor cell lines of parenchymal 
origin are used as targets, they are usually adherent cell 
lines which require trypsinization for harvesting and a 
post-trypsinization incubation (>  4h)  for them to 

e -  

O 

c -  

O 

60 

40 

20 = 

0 

: : T : : :  
.......... .......... .......... 
!!i!!ii!!!! 
::::::::::: 
........... ........... 

:.:.:,:.:,: 

:.:.:.:.:.: 
:!:!:!:!:!: 
:,:.:.:.:.: 
.:.:.:+:. ........... ,.......... 

!i!ii#i! 
:!:!:!:~:i: ........... 

[i!iii!iiii 

::::::::::: 
!:!:i:i:i:i 
:!:i:!:~:!: 

!!~!!i~!!!! 

.......... 
~ii!!!ii!il 

::::::::::: 
:.: .:+:. 

ii~!iii!!i 

:!:i:~:!:? 
:.:.:.:.:.: 

i:?~:i:?i 

CM 

T 

.,.,...,., 
::::::::::: ..........~ 
::::::::5: 
::::::::2 .,...,..., 
.:.:.:.:.: 
::::::::::: 
::::::::::: 
::::::::::: 
::::::::::: 
.......... , . . . . . . .  
::::::::::: 
::::::::::: 
::::::::::: 

::::::::5 .......,.. 
:::::::2 .......,.. . , . . . . . . .  
::::5::::: 
::::::::2 .......... 
::::::::::: 

::::2:::: 
::::5::::: . . . . . . . . .  
:::2::::: . . . . . . . . ,  
:::::::::5 .... . . . . . .  
:::::::::5 .... . . . . . .  
.:.:.:.:.:. 
:.:.:.:.:.: 
::::::::::: 
::::::::::: 
+:. : . :+ 
::::::::::: 

~:~:!:~:?i . . . . . . . ,  
:::::::5:: . . . . . . . .  
:::::5:::: .......... 
:::::2::: ::::::::::: 
>:.:+:.: 

CM+OHS 

E/T ratio: 10/1 

. r  ..,....... ,. 
::::::::::::: 

ii!!ii!ili!il 
i:!:i:!:i:!:i 

:i:i:i:?i:? i:?~:?~:?!:i: 
. . . . . . . . . . . .  

i:)!:~:?i:~ ::::::::::::::: 

:.:.:.:.:.:.: +: . :+:+: .  
:!:i:i:i:i:i: i:~:i:i:?~:i:! 

• ~!iiiiiiii!i! ii~iii~i!~!ii! 

i:!:!:!:i:i:i :??~:~:~:?~: 

. . . . . . . . , . . . .  

:~:~:;~:?i: . . . . . . . .  

CM+ he,,t CM+AH$ 
inActivm-~d 
AH$ 

Fig. 4. PBMC from a normal donor were incubated with 1 U rIL-2/  
ml for 5days,  and the influence of heat-inactivation on the 
suppressive activity of fresh autologous serum was tested• The 
addition of 10% heat-inactivated AHS as well as fresh 10% AHS 
significantly reduced the LAK activity against A C H N  as compared 
to CM + 10% CHS (P < 0.02) or CM alone (P < 0.01) at 10:1 E/T 
ratio• The data are from one of 4 representative experiments. 
Columns = mean of triplicate samples; bars = SD 
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Fig. 5. PBMC from a normal donor was incubated with 1 U rIL-2/ml 
for 5 days, and the effect of  fresh autologous serum at the effector 
phase was tested in a 4-h 51Cr release assay. The LAK activity against 
A C H N  was not significantly reduced in the presencve of 10 % AHS as 
compared to CM + 10% CHS or CM alone at 10:1 E /T  ratio. The 
data are from one of three representative experiments. Columns = 
mean of triplicate samples; bars = SD 
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recover from antigen modification induced by the 
enzymatic treatment [19]. However, such recovery 
period cannot occur in a standard 51Cr release assay 
because of the rapid increase of spontaneous 51Cr 
release from cells of adherent lines. In the present 
study, we applied a non-isotopic method employing 
crystal violet staining [9, 18], a technique already used 
to investigate the antiproliferative effects of cytokines, 
in order to assess the cytostatic and cytolytic activities 
of PBL and LAK cells against adherent tumor cell lines 
of renal cell carcinoma origin. Thus, a possible trypsi- 
nization-induced antigen modification of the target 
cells could be excluded in our 48-h assay. Culture of 
PBMC from healthy donors with IL-2 resulted in an 
enhancement, and induction, of antitumor activity 
against NK-sensitive and -resistant renal cell carcino- 
ma cell lines, respectively. These results were obtained 
in both a standard 4-h 5~Cr release assay and a 48-h 
crystal violet assay. The optimum condition required 
for LAK induction obtained by the use of a 48-h assay 
in the present study was similar to that done by using a 
short term 51Cr release assay in previous reports [11, 
12]. 

The present study demonstrated that rIL-2 could 
enhance in vitro LAK cell activity at the effector phase. 
This finding is of importance, since it has been shown 
in animal models that combined treatment with LAK 
cells and rIL-2 had a greater therapeutic effect than 
either treatment alone [10]. The exact role of rIL-2 
during such adoptive transfer of LAK cells in vivo, 
however, has not yet been understood. There are two 
possible explanations. One is that the activity of 
adoptively transferred LAK cells is enhanced, and the 
other is that LAK precursor cells are activated in vivo 
to become LAK effector cells[4]. Our in vitro results, 
together with recent results by others [13] that IL-2 
promotes conjugation of effector cells with tumor 
target cells, could support the former possibility, 
although the latter can not be ruled out. 

In the present study, fresh autologous serum sup- 
pressed LAK activity at the effector phase in a 48-h 
crystal violet assay. Furthermore, not only serum from 
advanced renal cancer patients but also that from 
normal donors, although tested at only one serum 
concentration, inhibited the antitumor function of 
LAK cells. In contrast, it has been reported that the 
serum of melanoma patients suppressed the induction 
of LAK activity, with no effect on the effector phase of 
LAK cells using a 4-h 51Cr release assay. The presence 
of their serum-borne suppressive factor correlated 
strongly with the stage of the disease, while the serum 
from normal donors did not show any suppressive 
activity [1,7]. These differences may be due to different 
assay systems, since the effector phase suppression by 
autologous serum was not observed in our study when 

a short term 51Cr release assay was used. Therefore, the 
serum suppressive effect shown in a 48-h assay seems to 
be associated with less rapid mechanisms of cytolysis 
or cytostasis mediated by LAK cells rather than the 
rapidly occuring cytotoxic events which can be detec- 
ted by a 4-h assay. 

The serum suppressive factor observed in the pre- 
sent study may also be different from the "blocking 
factor" described by Hellstr6m et al., since that is 
believed to consist of either tumor-associated antigen- 
antibody complexes or free antigens [16]. Several other 
mechanisms, such as prostaglandin-mediated immune 
suppression, anti-LAK antibody or circulating IL-2 
receptors, have been reported to inhibit the generation 
and the activity of LAK cells [3, 21]. However, the 
possible role of these mechanisms in the effector phase 
suppression has not been explored in the present study, 
and the identity of the serum suppressive factor(s) is 
not known. The present results indicate that a non- 
specific suppressive factor present in fresh human 
serum could affect in vivo the antitumor activity of 
passively transferred LAK cells. 

Acknowledgements: The authors are grateful to T. Yamashita for 
technical assistance and to Dr. A. Uchida, Department of Radiation 
System Biology, Radiation Biology Center, Kyoto University, for 
comments on the manuscript. 

References 

1. Balch CM, Itoh K and Tilden AB (1985) Cellular immune defects 
in patients with melanoma involving interleukin-2-activated 
lymphocyte cytotoxicity and a serum suppressor factor. Surgery 
98:151-157 

2. B6yum A (1968) Separation of leukocytes from blood and bone 
marrow. Scand J Clin Lab Invest [Suppl] 21:77-89 

3. Eggermont AMM and Sugarbaker PH (1987) Lymphokine- 
activated killer cell and interleukin-2 inhibitors: their role in 
adoptive immunotherapy. Cell Immunol 107: 384-394 

4. Ettinghausen SE and Rosenberg SA (1986) Immunotherapy of 
murine sarcomas using lymphokine activated killer cells: optimi- 
zation of the schedule and route of administration of recombi- 
nant interleukin-2. Cancer Res 46:2784-2792 

5. Grimm EA, Mazumder A, Zhang HZ and Rosenberg SA (1982) 
Lymphokine-activated killer cell phenomenon: lysis of natural 
killer-resistant fresh solid tumor cells by interleukin 2-activated 
autologous human peripheral blood lymphocytes. J Exp Med 
155:1823-1841 

6. Hoehn W and Schroeder FH (1978) Renal cell carcinoma: two 
new cell lines and a serially transplantable nude mouse tumor 
(NC65), preliminary report. Invest Urol 16:106-112 

7. Itoh K, Tilden AB and Balch CM (1985) Role ofinterleukin 2 and 
a serum suppressive factor on the induction of activated killer 
cells cytotoxic for autologous human melanoma cells. Cancer 
Res 45:3173-3178 

8. Kato K, Yamada T, Kawahara K, Onda H, Asano T, Sugino H 
and Kakinuma A (1985) Purification and characterization of 
recombinant human interleukin-2 produced in Escherichia Coli. 
Biochem Biophys Res Commun 130:692-699 



264 

9. Lee SH, Aggarwal BB, Rinderknecht E, Assisi F and Chiu H 
(1984) The synergistic anti-proliferative effect of ?-interferon and 
human lymphotoxin. J Immunol 133:1083-1086 

10. Mule J J, Shn S, Schwarz SL and Rosenberg SA (1984) Adoptive 
immunotherapy of established pulmonary metastasis with LAK 
cells and recombinant interleukin-2. Science 225:1487-1489 

11. Nakano E, Tada Y, Ichikawa Y, Fujioka H, Matsuda M, Takaha 
M and Sonoda T (1987) Lysis of autologous tumor cells by 
peripheral blood lymphocytes treated with interleukin 2 in 
patients with renal cell carcinoma. J Urol 137:641-648 

12. Ochoa AC, Gromo G, Alter B J, Sondel PM and Bach FH (1987) 
Long-term growth of lymphokine-activated killer(LAK)cells: 
role of anti-CD3, B-ILl, Interferon-'/, and -[3. J Immunol 
138: 2728-2733 

13. Roberts K and Lotze MT (1988) Interleukin 2 promotes conjuga- 
te formation by purified LAK precursors and T lymphocytes: 
evaluation of conjugates using flow cytometric techniques. J Biol 
Resp Modif 7: 249-266 

14. Rosenberg SA, Lotze MT, Muul LM, Leitman S, Chang AE, 
Ettinghausen SE, Matory YL, Skibber JM, Shiloni E, Vetto JT, 
Seipp CA, Simpson C and Reichert CM (1985) Observations on 
the systemic administration of autologous lymphokine-activated 
killer cells and recombinant interleukin-2 to patients with 
metastatic cancer. N Engl J Med 313 : 1485-1492 

15. Rosenberg SA, Lotze MT, Muul LM, Chang AE, Avis FP, 
Leitman S, Linehan WM, Robertson CN, Lee RE, Rubin JT, 
Seipp CA, Simpson CG and White DE (1987) A progress report 
on the treatment of 157 patients with advanced cancer using 
lymphokine-activated killer cells and interleukin-2 or high-dose 
interleukin-2 alone. N Engl J Med 316:889-897 

16. Sj6gren HO, Helstr6m I, Bansal SC and Helstr6m KE (1971) 
Suggestive evidence that the "blocking antibodies" of tumor 
bearing individuals may be antigen-antibody complexes. Proc 
Natl Acad Sci USA 68:1372-1375 

17. Sugarbaker PH, Matthews W, Steller EP and Eggermont AMM 
(1987) Inhibitory effects of alloimmune T cells on the generation 
of cytolytic responses of lymphokine-activated killer cells. J Biol 
Resp Modif 6:430-445 

18. Sugarman B J, Aggarwal BB, Hass PE, Figari IS, Palladino MA 
Jr. and Shepard HM (1985) Recombinant human tumor necrosis 
factor-a: effects on proliferation of normal and transformed cells 
in vitro. Science 230:943-945 

19. Talmadge JE and Herberman RB (1986) The preclinical scree- 
ning laboratory: evaluation of immunomodulatory and thera- 
peutic properties of biological response modifiers. Cancer Treat 
Rep 70:171-182 

20. Uchida A and Micksche M (1983) Lysis of fresh human tumor 
cells by autologous large granular lymphocytes from peripheral 
blood and pleural effusions. Int J Cancer 32:37-44 

21. Wanebo H J, Riley T, Katz D, Pace RC, Jones ME and Cantrell 
RW (1988) Indomethacin sensitive suppressor-cell activity in 
head and neck cancer patients. Cancer 61:462-474 

Osamu Yoshida, MD 
Department of Urology 
Faculty of Medicine 
Kyoto University 
Sakyo-ku 
Kyoto 
606 Japan 


