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Summary 

Basic studies of local adoptive immunotherapy w i t h 

I ymphoki ne-acti vated k i I e r <LAKl c e I Is and recombinant 

inter I euki n-2 (riL-2) were carried out along with i t s 

application using peripheral blood lymphocytes (PBLs) 

clinical 

obtai ned 

from 22 pati ants with malignant glioma i ncl udi ng 19 recurrent 

patients. The LAK cells obtained from the patients were active 

enough to ki II both allogeneic and auto I ogous glioma cells, 

though the cytotoxi cities of pati ants' PBLs and r I L-2-i nduced LAK 

cells were less than those of healthy control subjects. 

The cytolytic activity of LAK cells to Daudi c e I Is <LAK 

activity) was correlated positively with that to glioma-derived 

ce I Is, enabling us to substitute the LAK activities of riL-2-

induced LAK cells for the cytotoxi ci ti as of LAK cells to glioma 

eel Is. On light microscopic observation of a co-culture of LAK 

cells and glioma-derived cells, the target cells attacked by the 

LAK cells shrank, became round. and lysed within 60 minutes . 

Phenotype analysis of pati ants' LAK cells showed 

increase in HLA-DR and IL-2 receptor (IL-2 R. CD25) 

c e I Is , that was observed also in those of the control 

marked 

positive 

subjects. 

although the percentage of Leu-3 (CD4) positive cells was I es s 

than that in the healthy controls. Anti convulsants and the 

cerebrospinal f I u i d of g I i om a pati ants d i d not affect the 

generation of LAK c e I Is and the cytotoxic activities of r I L - 2 

induced LAK c e I Is. Dexamethasone (gl ucocorti coi d) inhibited the 

generation of LAK activity by riL-2, but d i d not have any 

inhibitory effect on LAK ce I Is already induced by riL-2. 



In clinical trials, we administered both LAK cells (1-2 x 

10 9 ) and riL-2 (5-30 x 10 4 JRU) into the tumor cavity through · 

previously implanted Ommaya reservoir and catheter system onde a 

week several times. Of 15 patients receiving this immunotherapy 

residual tumors were detected on CT scan. three had 

response. Malignant gliomas in t h a other patients, 

in whom 

complete 

however, grew again from under the granulation tissue formed by 

the injected LAK cells and riL-2. resulting in a fatal 

The mean survival time of 16 patients with recurrent 

outcome . 

malignant 

gliomas was 16 months. Sid a effects associ a ted w i t h t hi s 

rll-2 immunotherapy were dependent upon the amount of injected 

and waul d be contrail ad by reducing the amount of r I L-2. 

Although this new immunotherapeut i c approach has resulted in 

marked tumor regression in some pat i ants for whom no other 

effective therapy is available at present. it requj res further 

development and improvement to deliver the injected LAK cells to 

deep-seated 

accepted. 

tumor cells before its clinical 
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Introduction 

Gliomas (tumors of neuroepi the I i al ti ssuel account for 36% 

of all primary brain tumors in Japan (1). with most gliomas being 

malignant and recurring inevitably in spite of surgical treatment 

followed by radiation and chemotherapy. The mean survival t i me 

CMSTJ of patients with malignant gliomas treated w i t h current 

therapies is approximately 15 months from the time of surgery in 

Japan (I) and 12 months in the United States (2). 

In the hope of improving patient survival many 

neurosurgeons have conducted numerous clinical trials in search 

of better treatment modalities. Immunotherapy has for many years 

been an attractive candidate. because such treatment does not 

harm normal cells and the survival of glioma patients seems to be 

correlated with the degree of lymphocytic infiltration ( 3. 4). 

Takakura et al. (5. 6) have already reported increased survival 

t i m es in pati ants with malignant bra i n 

transfusions of allogeneic bone marrow 

infusions of autologous and allogeneic 

tumors 

c e I Is or 

activated 

treated w i t h 

intratumoral 

lymphocytes. 

Other investigators ha ve a Is o reported improvement or 

stabi I i zati on of 

tumors treated 

the 

w i t h 

lymphocytes (7. 8). 

clinical course of patients w i t h bra i n 

i ntratumoral injections of au to I ogous 

Recent advances in molecular biology and cellular immunology 

have renewed interest in a new class of I ymphoi d ki II er cell that 

is capable of killing tumor cells in vitro and/or in vivo (9. 10. 

II J. 

by 

These lymphokine-acti vated killer (LAKJ cells are 

the incubation of peripheral blood mononuc lear cells 
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with interleukin-2 CJL-2l alone for 2 days or more ( 9)' and 

express potent cytotoxicity against a variety of tumor c e I Is . 

Although many questions remain to be resolved concerning 

c e I Is , the efficacy of this form of adoptive immunotherapy 

malignant gliomas should be clarified. GJ i omas are I ocated 

in the central nervous system and rarely metastasize to 

LAK 

to 

on I y 

the 

extra-neural organs. We therefore triad local adoptive 

immunotherapy consisting of intralesional LAK cell injection with 

JL-2 thro ug h a previously implanted Ommaya reservoir and catheter 

system. 

The present study was designed in order to clarify the 

foil owing questions on I ocal adoptive immunotherapy of 

glio mas with LAK cells. 

malignant 

I. Are the cytotoxic acti viti as of LAK cells generated 

from the PBMCs of glioma pati ants comparable to those of 

LAK cells from healthy subjects? 

2. Do glioma cell-derived suppressive factors in 

cerebrospinal fluid CCSFl of the patients inhibit the 

cytotoxic abi I i ty of admi ni sterad LAK cells? 

3 . Do anti convulsants and steroids that are often 

administered to glioma patients inhibit the functions 

of injected LAK cells or I L-2? 

4. Can injected LAK cells ki II malignant glioma cells 

in vivo as well as in vitro? 

5 . Are adverse effects of this immunotherapy too severe 

to apply to patients with malignant gliomas? 

6. Is the outlook for the future of local adoptive 
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immunotherapy to malignant gliomas favorable? 

The results presented in this paper suggest that this 

of local adoptive immunotherapy is useful as an adjuvant to 

type 

the 

treatment on malignant gliomas, even though several problems 

remain to be elucidated. 

Materia Is and Methods 

Materia is 

Monoclonal antibodies including anti-Leu 2a CC08), 3a CC04), 

4 C CD3 l, CCD57l. II CCD16). HLA-DR. and IL-2 receptor CJL-2 R. 

CD25l were purchased from Becton Dickinson lm munocytometry 

Systems (Mountain View. CA. U.S . A.). 

(rJL-2. 10 7 Japan Reference Units 

Recombinant interleukin-2 

Shi onogi 

provided 

Pharmaceutical 

from the 

di phenyl hydantoin from 

JRU/mg) was supplied by 

Inc . (Osaka) . Anti convu Is ants were 

companies supplying 

Dai ni hon Pharmaceutical 

each 

Inc. 

drug: 

(Osaka), 

phenobarbital from Fuji naga Pharmace u tical I n c. CTokyo), and 

and 

from 

by Kyowa Hakk o Inc. (Tokyo). Cu lture media Valproic 

reagents 

a c i d 

for use on cu l tures of LAK cells were purchased 

Gibco Laboratories (Grand Island. NY. U.S .A . ). Fi coJJ-Paque 

obtai ned from Pharmaci a Inc . (Piscataway, NJ. U. S.A.), and 

was 

a I I 

other reagents were purchased from Sigma Chemical Co . CSt. Louis . 

MD . , U . S. A . l . 
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· Patient Profile 

This study in vo lved 22 patients ( 17 males and 5 females ) 

with malignant gliomas . The age ranged from 14 to 60 years 

Eight patients suffered from glioblastoma multiforme. seven 

astrocytoma grade 3. four with oligodendroglioma grade 3 . 

o I d . 

with 

one 

with gemi stocyti c astrocytoma. and two with malignant ependymoma 

(Tab I e I). The tumors of twenty pati ants were located in the 

supratentorial region. one in the brainstam (Case 18). and one in 

the upper cervical spinal cord (Case 9). Nineteen pati ants had 

tumors that recurred (six had second recurrences) and three 

patients (Cas a 12. 13. \7) had no recurrent tumor on computed 

tomographic scan CCT scan). Previous treatment by surgery and 

radiotherapy was carried out in all cases from 3 to 135 months. 

and chemotherapy was conducted in 14 casas from 4 to 59 months 

before t hi s treatment . A II pati ants had more than 

Karnofsky score as performance status. 

Product! on of Lymphoki ne-acti vated Ki II er Cells 

For i n vivo app\ i cation of adoptive 

PBMCs were separated by processing 4 to 6 

immunotherapy, 

i tars of who\ e 

60 % 

the i r 

b I o o d 

for 2-3 hours, using a continuous-flow cell separator (Modal COBE 

2997, IBM Corp., Cobe Laboratori as, Lakewood. CO. U . S.A.) . Acid-

citrate-dextrose was used as the anticoagulant. The erythrocyte-

containing PBMCs suspension was careful\ y I ayarad on Fi co\1-Paque 

and centr i fugad at 400 x g for 20 mi nut as. The separated PBMCs 

were transferred and washed three t i mas w i t h 0.9% sodium 
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chloride . The cells were then suspended again at a concentration 

of J-2 x 10 6 /ml in complete medium (CM) consisting of RPMI 1640 

or AJM-V. containing 2% heat-inactivated human AB serum <HTLV-111 

negative). 2 mM glutamine. 50 yg/ml of gentamycin sulfate. 

1000 JRU/ml of rlL-2. The eel Is were then cui tured in 75 

polystyrene flasks (Miles Scientific Inc. Naperville. I L. 

U.S . A. l in 30-40 ml of CM at 37 °C with 5% C0 2 for 3-4 days. 

For in vitro experiments. the separated PBMCs or LAK c e I Is 

obtai ned from 22 pati ants and 10 heal thy control subjects were 

incubated in 30 ml of CM at a concentration of J -2 x 10 6 /ml in 75 

polystyrene f l asks. Ant i convulsants or dexamethasone <DXl 

were added to CM at determined concentrati ens. Di pheny I hydantoin 

<DPHl. phenobarbital <PB). and valproic acid <VP) were selected 

out of anticonvulsants because of frequent prescription. 

For the experiments using CSF. CSF obtained from 

glioma patients (one of three was Case J) at the terminal 

t h r e e 

stage 

was added to the same amount of CM. In the experiments on CSF. 

PBMCs obtained from the same patient as CSF were used. 

Preparat i on of Tissue Culture Gl i o ma Target Ce ll s 

The human g l ioma-derived U251 cells ( 12) and g I i om a c e I Is 

obtained at the time of surgery were used in this study. Freshly 

resected tumor samples were minced into pieces and 

transferred into 75 cm 3 po l ystyrene flasks in Eagle's minimum 

essential medium <MEM) containing 20% fetal calf serum <FCS). 

Af t er tumor outg r owth began. the medium was changed regular I y and 
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the c e I Is were subcultured when needed using 0.25% trypsin to 

release the tumor cells from the flask. The malignant and g I i a I 

by properties of these I i n es have been established 

ultrastructural 

techniques (15). 

<I 3 l, biochemical <I 4 l. and biophysical 

For measurement of cytotoxic acti viti as of LAK c e I Is to 

killing of target cells. cultured glioma cells were released from 

the flasks using phosphate buffer saline <PBSl without Ca 2 + or 

Mg 2 + containing 0.02% EDTA for 30 minutes. A single - cell 

suspension was prepared by repeated pipetting of PBS with g I i om a 

c e I Is , and adding the same amount of RPM I 1640 containing 20% 

heat-inactivated human AB serum. 

Measurement of Cytotoxi cities 

The cytotoxic activities of lymphocytes were measured using 

a standard 4-hour chromium-51 (51C r) release assay (9). The 

target cells were NK (natural killer) -sensiti ve K562 cel ls for NK 

activity and NK-resistant Daudi cells for LAK activity. U251 and 

three cultured g I i oma-der i ved cel ls obtained at the t i me of 

operation that were histologically diagnosed as glioblastoma were 

used for the allogeneic glioma target cells . For the cytolysis 

to autologous glioma cells. glioma-derived cel l s obtai ned from 

four patients (Case 1.2.3.8) were selected . The target cells 

(J0 6 J were incubated and labeled with 1 .85 MBq sodium chromate-51 

(Na 2
51 cro 4 J for 60 minutes at 37°C in 0.2 ml culture medium 

consisting of RPM I 1640 medium supplemented w i t h 10% heat-

inactivated human AB serum and 50 f'g/ml gentamyci n sui fate. The 
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51 cr-labeled cells were then washed three times in culture medium 

and passed through a nylon mesh to eliminate aggregates. Labeled 

target cells ( 10 4 ) in 100 ul medi urn were added to varying numbers 

of effector cells in round-bottomed 96-wel microtiter plates 

(Lynbrook Chemical, Hampton. CT. U.S.A.). 

The pi ates were centrifuged at 45 x g for 3 minutes. then 

incubated for four hours at 37 C in 5% C0 2 . After incubation, 

the pI ates were centrifuged at 175 x for 5 minutes. The 

supernatants were harvested w i t h the Skarton supernatant 

harvesting system (Skarton, Ster ling, VA) and co u nted in a gamma 

counter. 

activity, 

The effector/target ratio (E/T ratio) was 20/1 for 

10 /1 for LAK activity, and 200/1, I 00/1 and 50/I 

NK 

for 

LAK killing of target glioma cells. The percentage of specific 

lysis was calculated by the formula: 

experimental release- spontaneous release 

100% 

ma ximal release- spontaneous release 

based on the mean count per mi nute of triplicate wells for 

experimental release, and on the mean count per minute of 

we lls for the spontaneous and maxi mal release. 

measuring i nhi bi tory effects by CSF obtai ned from 

the 

12 

the For 

patients, 

ce I Is . 

100 ~I of CSF instead of CM was added to the target 

Microscopic Observation of LAK Cell Ki IIi ng to Glioma Cells 

To remove extracellular IL-2 , LAK cells were transferred 
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f r om t he CM to MEM b y ce ntrifugatio n at 7 0 0 x g fo r I 0 mi n u t a s at 

20 "C and resuspended in MEM . LAK e el Is in MEM were add e d t o th e 

petri dishes c o ntaining the glioma-deri v ed cells at an E/ T 

of 25/1 The co-cultures of LAK and glioma eel Is i n 

rat io 

petri 

dishes were incubated at 37 °C in 5% C0 2 and the change with the 

passage of time was obser v ed under 01 ympus I i ght microscope. 

Surface Markers of Mononuclear Cells 

Fresh or cui tured mononuclear cells were adjusted 

concentration of 10 6 cells/ml in PBS containing 0.1% sodi urn 

to a 

a z i d a 

buffer and stained with fluorescein isothiocyanate <FITCl- or 

phycoerythrin <PEl-labeled monoclonal antibodies specific for 

different surface markers on human mononuclear cells . The c a I Is 

war a incubated with monoclonal antibodies preti tared for 30 

m i nut e s at 4 °C to g i v e optimal staining . The monoc I on a I 

anti bodi as i n c I u dad anti -La u 2 a . 3 a, 4 , 7 , I I • H LA-DR. and IL-2 

R . The stained cells were washed three times with the PBS - sod iu m 

az i de buffer. and resuspended in ml of the same buffer 

contain i ng 2% FCS for flow cytometric analys i s by Spectrum IV 

analyzer (Qrtho Diagnostic Systems K.K. Tokyo). 

Therapy Schedu I e 

Pati ants with malignant gliomas were treated with craniotomy 

for extensive removal of the tumor followed by pi acement of a 

catheter into the postoperative tumor cav i ty. The catheter was 

connected to an Ommaya reservo ir pi aced beneath the gal ea. Two or 
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three weeks after surgery, PBMCs were harvested from the pati ants 

w i t h I eukopher es is and incubated in CM as described above. 

med i urn Before admi ni strati on of LAK cells, samples of culture 

were tested by Gram staining to check for the presence of 

microorganisms, w i t h nfusi ons from the Ommaya reservoir be i n g 

out only if the Gram stain was negative. In addition. 

of the medium were cultured for fungi and for aerobic 

carried 

aliquots 

bacteria during 14 days. In no case was there evidence of 

microorganism growth in the cultures. 

On 

adherent 

immunotherapy treatment days. the suspended and 

LAK cells (1-2 x 10 9 ) were harvested. washed 

0.9% sodium ch l oride (NaCI), and resuspended in a 5-ml 

loosely 

t w i c e i n 

infusion 

mad i urn consisting of 0.9% NaCI with 5-30 x 10 4 JRU of rll-2. 

Then. under steri I e conditions, the cell suspension was 

through a No. 23 need I e into the reservoir at a rate of 

injected 

ml per 

minute. Repeated leukopheresis was performed once a week and the 

go a I of the total number of LAK c e I Is for intracranial 

admi ni strati on was 5 x 10 9 G l ucocorti coi d therapy was I i m i ted 

during immunotherapy and used only in pati ants who exhibited 

I ong-standi ng side effects due to infusions of LAK cells and r I L-

2. 

Before and after immunotherapy, patients received CT scans 

with and without contrast enhancement. The CT scans were studied 

to assess changes in the appearance of the brain and tumor i n 

response to treatment. Tumor size was determined by contrast-

enhanced CT scanning. In the case of residual tumors existing in 

CT before treatment. response to the therapy was scored as either 
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c a mp I ate response (CR : c o mp l ete resolution of tumor ) , part i a I 

response )50% reduction of tumor val ume) , m i nor response 

25%-50% reduction of tumor mass). no change CNC : <25% 

reduction of tumor mass or <25% increase in tumor volume), or 

progressive disease (PD: >25% increase in tumor volume within 4 

weeks) . The response to treatment of seven pati ants was a Is o 

e v a! uated by magnetic resonance imaging CMRI). 

Statistical Analysis 

The cytotoxi cities and phenotypic data of the different 

groups were compared by means of pai red-T test. 

Results 

Cytotoxl city and Phenotype of LAK cells 

We studied spontaneous and IL-2-i nduced cytotoxic acti viti es 

on PBMCs obtai ned from 22 glioma pati ants and 10 heal thy control 

subjects. The results are shown in F i g. Each patient's 

immunological profile is also shown in Table 2. The spontaneous 

cytotoxicity to K562 cells CNK activity) was 19.8% .±. 7.7% in the 

patients and 28.7% .±. 6 . 4% in the control group at an E/T ratio of 

20/1, and the cytotoxicity to Daudi cells CLAK activity) was 2.9% 

.±. 2.8% in the patients and 7.8% .±. 2.8% in the control group at an 

E/T 

three 

rat i o 

days 

0 f 1 0/1 . 

markedly 

Incubation with 1000 JRU/ml of riL-2 for 

induced the NK and LAK activities to 

comparable degree both in the pati ants and in the control group. 
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lnterleukin-2-induced NK acti v ity was 62 . 1% .±. 16 . 8 % i n the 

pati ants and 78 . 4% .±. 9 . 5% in the contro l group , and I L-2-i nduced 

LAK activity was 41.5% .±. 16 . 7% in the patients and 62 . 3% .±. 10 . 8% 

in the control group. Spontaneous and I L-2-i nduced NK and LAK 

activities in the pati ants were red u ced compared to the heal thy 

control group (p(0.01 ) . 

We also studied the c yto toxicities of LAK cells to four 

cultured allogeneic glio ma c ell types in six patients (Cases I, 

2 . 3 . 8. II and 12) and cultured auto l ogous glioma-derived cells 

of four patients <Cases I , 2, 3 and 8). No considerable 

dif f erence i n the vul nerabi I i ty to LAK cells was found among th e 

fou r d i fferent al l ogene i c cu l tu r ed g l ioma-derived ce l ls <Table 

3 a) . T h e cytotox i c i ty to auto l ogous glioma cells was similar to 

that to allogeneic U251 glioma cells (Table 3bl . The abi l ity to 

kil l U251 glioma ce l ls was proportional to the LAK acti v ity, and 

definite cor rei ati ons between the cytotoxi cities to the U251 

glioma cells and Daudi cells were demonstrated in Fig. 2 ( r 

0. 969). 

Un de r mi croscopic observation of co - cui tures with glioma-

der i ve d ce ll s a n d LAK cells. the glioma-derived cells were 

morpho I og i cal l y I a r g e (about 100 }Jm l ong), f l at. and adhered 

tightly to the surface of the petri dishes. In contrast , the LAK 

cells we r e much smaller (about 10 }Jm diameter) . The large 

differe n ce i n size and shape betwee n the eel types made it easy 

to i den ti fy t hem in the co-c u ltured ce ll s . In the co-cultu r ed 

c e I I s , t he LAK cel l s were a l so seen to move and bind to the 

ta r get ce ll s wi thi n 30 mi nutes. The glioma-derived c e I I s 
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attacked by LA K effector eel Is. on the other hand. shrank. became 

r ound. and detached themselves from the surface of the flask 

within 60 minutes (Fig. 3). 

w i t h regard to phenotypic subsets of LAK cells. the 

respons i veness of peripheral blood lymphocytes to riL-2 was 

almost the same in both heal thy control subjects and the patients 

CTable 4). The ratio of Leu HLA-DR and CD 25 (IL-2 R) positi ve 

cells markedly increased by r I L-2 sti mul ati on for three days 

(p(0.001). The ratio of CD57 (Leu-7)-positive cells slightly 

increased (p(0.05). The ratio of CD4 (Leu-3a t 3b)-positive cells 

in the patients ' PBLs was lower than that of the healthy 

controls. Therefore. the CD4/CD8 ratio of the patients was much 

I ow a r than that of the healthy control subjects. Six patients 

whose ages were over 50 years old (Cases 2. 8. 13. 17. 19 and 

22) were excluded in the statistics of Table 4 because the ratio 

of CDS-posi ti ve cel ls was rather low for aging and the ratio of 

CD4/CD8 was unexpectedly high (Table 2). 

Effect of CSF. Gl ucocorti coi d. and Anti convu I sa n ts on 

Cytotoxi ci ti as ofLAKCalls 

We investigated the affect of CSF on the generation of LAK 

cel ls and the cytotoxicity of I L-2-i nduced LAK cells . The CSF in 

three glioma pati ants at the terminal stage did not change any 

cytotoxicities of the LAK cells CTable 5). We also examined the 

effect of glucocorticoid (steroid) and anticonvulsants on the 

generation of LAK calls and cytotoxi cities of LAK cells. us i n g 

the PBMCs in seven patients (Cases 4. 5. 7. 9. 11 . 12 and 13). 
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DX 

o n 

inhib i ted the generation o f LAK acti v ities but had no 

the NK acti v it y or cy tot ox icity of I L-2- induced LAK 

effect 

c e J Is 

(figs . 4 and 5). Anti convulsants did not affect the induction of 

ce I Is or cytotoxi cities of I L-2-i nduced LAK cells at a I I LAK 

The 

the 

The 

analysis of phenotypi ng subsets revea l ed that DX inhibited 

expression of Leu HLA-DR and I L-2 R in LAK cells <Tab I e 

anti convulsants a Is o d i d not affect the rat i o of 

phenotypi ng subsets. 

Response to Treatment 

6) . 

the 

Of the 15 pati ants with residual tumors treated by I o c a I 

adoptive immunotherapy with LAK cells and IL-2. t h r e e had CR 

( f i gs. 6 and 7) and three had MR on CT scan <Table 2). The 

i nci dance of objective responses i ncl udi ng CR and PR was three of 

I 5 ( 20% l. Response to the treatment was not rei ated di recti y to 

the cytotoxicity of the pati ants' LAK cel l s and appeared to vary 

w i t h the histologic type of glioma. Concerning pati ants 

o I i godendrog I i om a grade 3. two of four had CR. Most 

pati ants who were not successful in this immunotherapy 

of 

d i d 

w i t h 

t h 8 

not 

have recurrent tumor inside the LAK call-injected cavities. 

Those tumors recurred from under the surface of the cavity (figs. 

8 and 9), and rarely occupied the cavity (fig . 9) The MST of 19 

pat i ants w i t h recurrent malignant gliomas was 16 months ( f i g. 

I 0). 

On CT scan ex ami ned soon after injection of LAK cells and 

r I L-2. a lesion appeared on contrast enhancement along the tumor 
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cavities was found in II of 22 patients (Figs . II and 12) . This 

type of contrast enhancement could be differentiated f ro m tumo r 

recurrence because t h a enhanced lesions usually disappeared 

withi n one month (Fig . 12) . The new or en I arged I ow-density area 

surrounding t h a enhanced I as i on was demonstrated i n three 

patients (Cases 3. 13 and 14) and was consistent with inc reases 

i n cerebra l edema <Fig . 12bl . MRI obtained from seven pati ants 

e x hibited the same findings as the CT scan. though MRI was 

superior to CT scan n demonstrating the existence of the tumor 

and surrounding edema (Fig. 6). 

Pat hoi ogi cal Changes after Immunotherapy 

We have had six reoperated cases after t hi s immunotherapy 

due to recurrent or residual tumors. Three cases (Cases I, 9 and 

10) were operated on within two months after the last injection 

of LAK c a I Is and r I L- 2. The histology of removed glioma tissues 

showed dead LAK cells piling up inside the tumor cavities < F i g. 

I 3 a) 

the 

and the formation of granulation tissue on the surface of 

cavity. The granulation tissue like a capsule accompanied 

marked 

tumor 

infiltration of eosi nephi I i c leukocytes 

c e I Is < F i g. I 3 b l . Malignant glioma c a I Is 

mingling w i t h 

were located 

below the capsules on the surface of the tumor cavity and 

appear ad to be protected from attacks by LAK cells <Fig. I 3 c l. 

I n the tumor tissues of the other three pati ants obtai ned more 

than four months after the I ast immunotherapy, we caul d no I anger 

find any special histological reactions related to the treatment. 
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ComplicatIons 

Complications occurred in 12 of 22 cases undergoing adoptive 

immunotherapy with LAK cells and riL-2. Fever and headache were 

common systemic s i de effects and were often associated w i t h 

two nausea and/or vomiting. These toxi cities occurred one or 

hours after LAK cells and riL-2 admi ni strati on and subsided 

w i t hi n few days . In principle. the severity of these 

complications was proportional to the amount of administered riL-

2. although there was a considerable difference depending on 

individuals. Human serum albumin (5%) was included in injected 

LAK c e I suspension in Cases 15 and 16 for retaining activities 

of LAK cells in a saline solution. However. The toxicity with 

albumin was, however, so severe that the use of albumin has not 

been continued. 

10 4 JRU per 

Generally, administration of riL-2 I es s than 5 

effects. injection did not incur severe s i d 9 

Glucocorticoid therapy was used in four patients (Cases 2. 7. 13 

and 14) who exhibited long-standing (more than three days) severe 

side effects. 

Convu Is ion occurring in one patient (Case 7), followed by 

hemiparesis. m i g h t be caused by temporary deer easing cerebral 

blood flow due to the large amount of injected riL-2. Meningitis 

a Is o occurred in one case <Case 15). The infection appeared to 

be a result of administration of albumin and postoperative wound 

infection. The pati ant required removal of the Ommaya reservoir 

and cleaning of the tumor cavity. 
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Discussion 

Adoptive immunotherapy using intravenous infusion of a large 

quantity of LAK cells and high-dose rll-2 has proved successful 

in mediating the regression of some metastatic solid tumors in 

humans (10. Ill. This immunotherapy (LAK therapy) caused severe 

systemic side effects. but can result in marked tumor regression 

in some pati ants for whom no other effective therapy is avai I able 

at present (Ill. This evi dance aroused interest in the use of 

LAK ce I Is and rll-2 on malignant gliomas because definite 

advantages can be expected in the treatment of primary bra i n 

tumors. Intracranial gliomas rarely metastasize to 

organs and the vel ume of CSF is small (about 150 ml). 

extraneural 

Therefore. 

local adoptive immunotherapy can be potent and can conserve the 

amount of LAK cells and IL-2 for the treatment . 

For these distinctive features of bra i n tumors. we 

undertook I ocal adoptive immunotherapy consisting of intracranial 

admi ni strati on of LAK cells with rlL-2 through previously 

implanted Ommaya reservoir and catheter system. We have 

investigated several basic problems regarding this immunotherapy 

as well as the c lini cal application. The i nitial in vitro study 

was carried out to determine whether LAK ce I Is w i t h strong 

cytotoxicity can be obtained from the glioma patients. 

AI though a few reports have appeared demonstrating that LAK 

c e I Is derived from glioma pati ants showed s i m i I a r I eve Is of 

cytotoxicity to those derived from healthy individuals (]6, ]7), 

the cytotoxi cities of LAK cel l s obtai ned from the pati ants in our 

study were less than those of heal thy control subjects as were 

1 8 



the spontaneous cytotoxi cities of PBMCs . This is rather an 

expecting result. considering the compromising status of cellular 

immunity i n gl lorna patients . They have impaired delayed 

cutaneous hypersensi ti vi ty (I 8 J. reduced the numbers 

circulating lymphocytes (J8J. depressed NK activity (I 9 J. 

of 

and 

decreased in vitro proliferative responses to mitogens (20). Most 

of the pati ants in this study. moreover. had recurrent tumors. 

and they had received chemotherapy or steroids (prednisolone 15-

30 mg daily) before this treatment. 

The analysis of the i r phenotypi ng subsets revealed 

selective depletion of CD4-positive cells and a lower CD4/CD8 

ratio as indicated before (21). The ratio of Leu-HLA-DR and IL-2 

R-positive cells in LAK cells markedly increased in both healthy 

control subjects and the patients. The ratio of CD57-posi ti ve 

c e I Is implying NK cells slightly increased . Since the ratio of 

of CD4-posi ti ve cells in the patients' PBLs was lower than that 

the healthy controls. the CD4/CD8 ratio of the patients was much 

lower than that of the healthy control subjects. I t i s obvious 

that LAK cells obtained from patients in this study. however. at 

I east 

tumor 

demonstrated sufficient 

c e I Is including gl lorna 

activity to ki II variety of 

c e I Is because I L-2-acti vated 

cytotoxicity is a remarkably robust immunological function (17) . 

For measuring the cytotoxicities of LAK cells. we mainly 

carried out standard 51 cr rei ease assay using K562 <NK activity) 

and Daudi <LAK activity) cells. The measurement methods of those 

activities are established. s i mple. and hi g hI y reproducible. 

There was no I arge difference in the vul nerabi I i ty to LAK c e II s 

19 



among the four different allogeneic cultured glioma c a I Is , and 

the cytotoxicity to autologous glioma cells was almost the same 

as that to allogeneic U251 glioma cells. The LAK acti viti as were 

correlated w i t h the cytotoxicities to allogeneic g I i om a ce I Is 

<U25J), so that they could represent their killing activities to 

auto I ogous glioma cells. Based on these experimental 

the cytotoxicity to autologous glioma cells were not 

routinely. 

Microscopic observation of co-cui tures with LAK 

auto! ogous g I i oma-der i ved c e I Is demonstrated that 

g I i oma-der i ved c a I Is reacted to small LAK effector 

results. 

measured 

c e I Is and 

the large 

c e I Is by 

shrinking, becoming round, and rapidly detaching themselves from 

the surface of the flask. It appears that twenty times as many 

LAK cells in measuring LAK activity (E/T ratio= 10/J) needed for 

cytotoxic 

results 

c e I Is. 

assay to glioma-derived cells (E/T rat i o 

from the great difference in size between 

G I i oma-der i ved cells are at least ten times 

200/ I l 

the target 

longer i n 

size than Daudi cells for LAK activity. The findings of injured 

glioma-der i ved ce ll s are consistent with an apoptotic rather than 

an osmotic lys i s mechanism of cell death that supports a common 

cytotox i c mechan i sm for cytotoxic T I ymphocytes (CTLs), NK cells, 

and LAK cells (22). 

The next sari es of experiments examined whether the CSF i n 

g I i om a pati ants inhibits the generation of LAK c e I Is and the 

cytotoxi cities of LAK c e I Is. The culture medium containing 

patients' 

ana I ogous 

secrete 

CSF instead of condition ad medium was presumably 

to i n vivo environments. Human glioblastoma 

an immunosuppressive factor wh i ch is capable 

20 

more 

c e I Is 

of 



both IL-2 dependent T-eal pro I i ferati on and the suppressing 

generation of cytotoxic T-cells in allogeneic mixed leukocyte 

cultures 

factor is 

( 23). Purification of this substance shows that the 

identical to transforming growth factor beta 2 CTGF-B 2 l 

( 24). The cyst f I u i d of bra i n tumors a Is o contains 

i mmunosuppr ass i ve factors that i n hi b i the activation 

I ymphocytes by mi to gens (25). These findings indicated that 

CSF i n g I i om a pati ants including suppressive factors 

protect glioma cells from being attacked by LAK cells. 

Us i n g the CSF obtai ned at the terminal from 

of 

the 

m i g h t 

t h r e e 

pati ants that were assumed to contain a 

stage 

large quantity of 

of suppress ive factors, thai r i nhi bi tory effects on the potency 

LAK ce lls and riL-2 were investigated. The results demonstrated 

that even such CSF expressed no inhibitory effect on the 

generation of LAK ce I Is and I L-2- induced cytotoxic activities 

against allogeneic tumor cells. This seems to be partly because 

the concentration of suppressive factors in the CSF is lower than 

that needed to act on the i nhi bi ti on of the LAK activity c e I Is , 

and because the mediation of such factors is total I y i nhi bi ted by 

higher concentrations 

suppressive effect by 

of IL-2. In the 

TGF- S 2 on the 

previous 

induction 

studies. 

0 f 

activity can also be reduced by hi ghar concentrations 

LAK 

of 

the 

c e I I 

r I L- 2 

( 26). The glioma cyst fluid also did not inhibit the k i I I i n g 

action of LAK cells in vitro (27) . 

In clinical application of LAK therapy on malignant gliomas. 

the effect of glucocorticoids and anti convu I sants should be 

elucidated. Glucocorticoids are used to reduce brain edema and 



anti c o n v u l sants are esse n t i al to suppress seizures i n most 

pat i ents w i t h g I i a I tumors. Gl ucocorti coi ds a r e a Is o qui t e 

effective 

( 28) . 

in relieving side effects associated with LAK 

Those drugs, however, may reduce the 

therap y 

c I i n i c a I 

effectiveness of immunotherapy. Gl ucocorti coi ds 

generation of LAK cell acti v ity at pharmacal ogi cal 

30)' and anti convu I sants a Is o exert inhibitory 

cellular immunity (31) . 

i n hi b i t 

doses 

effects 

the 

(29, 

on 

We examined the inhibitory action caused by these 

indispensable drugs on LAK cell generation and IL-2-i nduced LAK 

c e I I killing of tumor cells. In the present study, ox d i d 

inhibit generation of LAK activity from PBMCs by riL-2. while i t 

no inhibitory effect on the generation of NK activity or on had 

the cytotoxi cities of I L-2-i nduced LAK cells . Anti convulsants 

cou I d not affect I L-2 action on PBMCs or LAK ce II s . 

These results obtai ned from in vitro studies s earn to be 

favorable for LAK therapy. The administration of anti convulsants 

can contin ue during the adoptive immunotherapy. I n addition. 

gl ucocorti coi ds can be used to i mmed iat e ly relieve side effects 

caused by the i mmuno l ogi cal treatment in patients because they 

can no I anger i nhi bit the cytotoxi cit i es of infused LAK 

The administration of glucocorticoids steroids should be 

cells. 

avoided 

or minimized only during the harvesting of PBMCs, 

previous study demonstrated that the abi I i ty to 

even if 

generate 

the 

LAK 

cells is not influenced by the administration of gl ucocorti coi ds 

(I 6 l. 

In the c I i n i c a I trial of our therapeutic schedu le. 

patients with malignant gliomas were treated. The MST of the 

22 

22 
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patients with recurrent malignant gliomas was 16 months, for whom 

no other effective therapy was avai I able. AI though the i nci dance 

of objective responses to this new immunotherapy was 20% on CT 

scan. our results seem to be even better than conventional 

therapy of recurrent malignant gliomas. considering the MST 

recent reports on the treatment of malignant gliomas 

chemotherapy following surgery was almost 9 months (32. 

Thus far. only a few clinical reports have appeared on this 

0 f 

by 

33) . 

type 

of immunotherapy on malignant gliomas except for two preliminary 

phase studies (34, 35) . 

Barba et al. (36) reported that one of nine patients 

recurrent malignant gliomas had aPR on CT scan. They 

noticed 

patients 

that severe neurological side effects occurred i n 

undergoing treatment and were rei ated to i ncr eases 

w i t h 

a Is o 

a I I 

in 

cerebral edema that appeared to be mediated by the immunotherapy. 

They continued injections of riL-2 for five days. I n i t i a I I y, 

riL-2 was given at 7 x 10 3 JRU/kg and was increased in a graded 

fashion in subsequent patients up to 4.2 x 10 4 JRU/kg. The large 

amount 

bra i n 

of riL - 2 in their therapeutic schedu l e seemed to cause 

edema by a presumed increase in capi II ary permeabi I i ty as 

well as a decrease n systemic vas cui ar resistance by intravenous 

admi ni strati on of riL-2 which leads to I OS s of i ntravascu I ar 

fluid into the soft tissues <37). 

AI though severe neurological side effects are major problems 

of local LAK therapy, only one patient that suffered from 

hemipares i s fol l owing epi I epti c seizure has been exper i anced. 

Long-standing severe systemic side effects that were l imited to 

23 



hi g h fever . headache and vom iting ware also observed i n f aw 

patients. Si nee these side affects ware assumed to be due to the 

i nfusion of r I L-2. we ware able to rei i eva the taxi ci ti as of the 

therapy by raduci ng the amount of riL-2 per i njaction from 3 X 

10 5 JRU to 5 x 10 4 JRU. Kimoto at al . (38) confi rmad that a high 

concentration of rll -2 was not necessary when the LAK acti v ity 

was potent. with the mini mu m raqui ramant baing 35 JRU/ml In 

fact. Yo shida at al. (39) reported that def i nite tu mo r regression 

was observed i n six of 23 patients with recurrent malignant 

gliomas by a smaller amount of riL-2 injections than that in our 

therapeutic schedule . 

The tumor responses noted in six (CR: 3. 

patients not only demonstrated that LAK ca lls 

MR: 

can 

3) 

k i I I 

of 15 

tumor 

c e I Is in vivo' but also that regional i ntratumora l adoptive 

immunotherapy using currently a vaila ble techniques has a definite 

limitation. This li mitation is due to both the characteristics 

of t h 9 tumor and the treatment . In patients w i t h recurrent 

malignant glial tumors. tumor calls usually extend beyond areas 

that are radiographically abnormal as i ndi catad on CT scans by 

either contrast enhancement or paritumoral low density ( 40). The 

va l ua of LAK calls is I i mi tad because they must make call-to-cell 

contact t 0 ki II tumor cells (22) and they appear incapab le of 

seeking out distant tumor calls. 

Our study on regional pathological changes soon aft a r LA K 

therapy also supported the same I i mi tati on of this i mmunotha rap y. 

On the surface of the 

tissue was granulation 

eosinophilic infiltration 

residual tumors. the 

o bserved. associ at ad 

and gliosis. The glial 

formation of 

w i t h 

tumor 

marked 

c a I Is 



were located under the gra n ulation tissue like a capsule 

protected against LAK cell killing. The formation of 

granulation tissue is estimated to be completed w i t hi n 

weeks after the initial injection of LAK cells and rll-2. 

a 

that 

t hi s 

few 

These results indicate that injections of LAK cells and IL-2 

after capsule formation are ineffective because LAK cells cannot 

reach the tumor cells by the barrier of the granulation 

In fact. the tumors recurred from below the capsules and 

deep I y i n 

Successful 

dependent 

the opposite direction against the 

LAK therapy of malignant gliomas. therefore. 

upon the ability to deliver the LAK cells to 

tissue . 

invaded 

cavities . 

remains 

distant 

occult t u mor cells. In the near future. these problems might be 

overcome by treating patients before tumor cells infiltrate 

into the surrounding brain. This can be done by improving 

deep 

the 

traffic of lymphocytes to bra i n tumors. or by exploiting 

lymphocytes a l ready existing in the brain like tumor-infiltrating 

lymphocytes CTILsl . 

We have litt l e experience in this type of immunotherapy on 

mal i gna n t gl i omas. The present study. however. suggest t hat th i s 

therapy mi ght be effective for patients with recurrent malignant 

gliomas. especia l ly the malignant cystic type of 

oligodendrogliomas. for whom no effective therapy is available or 

in whom standard therapy has failed. In the same way 

surgery. radiotherapy , and chemotherapy have needed t i me 

that 

and 

experience, local adoptive immunotherapy for malignant 

c I i n i c a I 

gliomas 

requires f ur ther i n vesti gati on before i t s use is 

generally accepte d . The u l timate r ole of this therapy, if any , 

25 



in the treatment of mal ig na nt gliomas remai ns to be elucidated . 
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Legends 

F i g . N K and LA K act i v i t y i n pat i en t s w i t h m a I i g nan t g I i om as ( n 

22) and the healthy control group (n = 10) before and after 

/incubation with 1000 JRU/ml of riL-2 for 3 days. (E/T ratio of 

20 : 1 for NK activity and 10:1 for LAK activity) 

F i g . 

Daudi 

2 Correlation between cytotoxicities of LAK cells against 

c e I Is (target cells for LAK activity) and those against 

U251 glioma cells. 

F i g. 3 Photo m i c r o graph of LAK c e I Is k i I I i n g an auto I o go us g I i om a 

c e I I ; change with the passage of time. Auto I ogous LAK ce I Is 

<Case 2) move and bind to the autologous cell within 30 minutes. 

The target cell attacked by LAK cells becomes round and shrinks 

within 60 minutes. Full picture width= 130 )Jm. 

Fig. 4 The effects of anti convulsants and OX on the generation 

of cytotoxi ci ti as by r I L-2. Spontaneous NK and LAK acti viti as 

were measured using the PBMCs of the patients. Patients' PBMCs 

were incubated in CM containing 1000 JRU/ml of riL-2 for three 

days with anticonvulsants and OX <I0- 6MJ. The concentrations of 

anti convulsants are 25 }Jg/ml of OPH . 30 }Jg/ml of phenobarbital PB 

and 10 0 }Jg/ml of VP. 

Fig, 5 The effects of anti convulsants and dexamethasone (0Xl on 

the cytotox i ci ti as of LAK ce ll s. LAK eel Is generated by 5 days' 

stimulation of riL-2 were incubated again in complete medium <CMl 
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containing r I L-2 

anti convu Is ants and 

(1000 

DX 

JRU/m I l 

<I 0- 6M l. 

for two mor e days 

The concentrations 

anticonvulsants were as same as those in Fig. 4. 

Fig . 6 MRI CS E 500/17) in Ca se 2 . a : Pretreatment 

w i t h 

of 

MRI 

demonstrating residual recurrent cystic oligodendroglioma 

3) in the right parietal region. b: MRI obtained two weeks 

(grade 

after 

treatment showing that the tumor and mass 

disappeared. 

F i g. 7 CT scan with contrast enhancement 

Pretreatment 

(gemistocytic 

scan showing 

astrocytoma). b: 

disappearance of enhanced I esi on. 

left frontal 

Posttreatment 

F i g. 8 CT scan with contrast enhancement 

effect 

in Case 

residual 

scan 

i n Case 

totally 

5. a : 

g I i om a 

showing 

a : 

Posttreatment CT scan showing catheter, and residual - enhanced 

tumor on the surface of the cavity in the frontal I obe. b: 

scan month after LAK therapy . 

opposite direction of the cavity. 

The tumor became larger in 

c: CT scan 5 months after 

therapy. The tumor covered the entire lateral ventricle. 

F i g. 9 CT scan with contrast enhancement i n Case 9. 

CT 

the 

LAK 

a: 

Pretreatment scan showing I eft frontal tumor cavity and residual 

g I i om a (ast r ocytoma 

the 

grade 

distinct demonstrating 

circumference of the cavity. 
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3). b: Posttreatment 

ring-enhanced I es i on in 

c: CT scans two months after 

scan 

the 

the 



l as t in j ect ion of LAK c ell s show i n g recurr ence o f the tu mor . Th e 

tu mo r occ upied most of the ca v it y . 

F i g. 10 Surv iv al after local LAK therap y in 19 

r a currant malignant g I i o m a . The 

probabi I i t y of sur v i v al i n mo n t h s . 

ali v e at t h e ti me of a n al ysis . 

Kap I an-Meier 

Eightofl9 

patient s 

curve 

patie n ts 

F i g . I I CT scan with contrast enhancement in Case 2. 

w i t h 

shows 

were 

a, b: Pretreatment scan show i ng res i dual tu mor w i t h surrounding 

bra i n edema . c.d : CT scan after the first i njection of 10 9 LAK 

ce ll s and 2 x I o5 r I L-2. Ring enhancement in the c i rcumference of 

the cavity appeared after treat ment . The catheter inside t h B 

cavity is distinctly observed in band d . 

F i g . 12 CT scan with contrast enha n cement i n Case I 3. a: 

Pretreatment scan showing no residual tumor . b: Posttreatment 

scan demonstrating the appearance of the ring-enhanced 

accompanied by the surrounding l ow-dens i ty area assuming 

edema. c: CT scan o n e month after steroid treatment. 

enhancement and brain edema disappeared. 

I es i on 

bra i n 

R i n g 

F i g. 13 His t o l ogy of removed g l ioma t i ssues after local adoptive 

immunot h erapy (Casel.x80). This patie n t rece i ved the 

inject i on of LAK cells and r I L-2 eight weeks before and the 

f i r s t 

I as t 

i njection three weeks before. a : Dead LAK cells piling up inside 

the tumor cavity. Nuc l ei of some LAK cel l s were stained w i t h 

hematoxylin. b : Formation of granulation tissue on the surface of 
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the cavity. Eosi nephi I i c I eukocytes marked! y infiltrate and 

mingle with gliosis. c: Malignant glioma cells below the 

granulation tissue. The tumor eel Is are found in the edematous 

tissue below the capsule. Full picture width= 0.45 mm 
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Tab I e I. Patients' profiles fol' adoptiv e im mun ot herapy 

Previous Treatment Time after Previous 

Case Age. Pathology (1. Ope rat ion . 2. Radiotherapy, (first, second) 
Sex 3. Chemotherapy) Treatment (months) 

I. 34. Astrocytoma 1. SR 2. 58 Gy 40 
grade 3 

2. 50. 01 igodendrogl i oma I. SR 2. 50 Gy 135 
grade 3 

3. 22. Ependymoma fir st : I. SR 2. 20 Gy 82. 
grade 3 second : 3. ACNU (8 0 mg) . VCR (1 mg) 

4. 32 . 01 igodendrog1 io ma I. SR 2. 50 Gy 28 
grade 3 

5. 40. Gemistocytic first : I. PR 2. 70 Gy 3. ACNU (80 mg) 35. 13 
astrocytoma second : I. PR 2. 20 Gy 

6. 14. Ependymoma I. TR 2. 40 Gy 3. ACNU (50 mg) 59 
grade 3 

7. 42. Astrocytoma I. SR 2. 50 Gy 38 
grade 3 

8. 56 . Glioblastoma I. SR 2. 50 Gy 3 . ACNU ( 10 0 mg X 5) 22 

9. 37 . Gl i oblastoma first: I. PR 2. 50 Gy 23 . 
3. ACNU (I 00 mg X 2). VCR (I mg X 4) 

second: I. PR 3. ACN U 60 mg 
10. 20 . Astrocytoma I. PR 2. 38 Gy 

grade 3 
II. 37. Glioblastoma I. PR 2. 60 Gy 73 

3. ACNU (I 00 mg). Vfl- 26 (150 mg) 
12. 30. 0 I i godendrog I i om a I. SR 2. 50 Gy 

grade 3 
13. 51. Astrocytoma I. SR 2. GO Gy 

grade 3 3. ACNU (I 00 mg X 2) . VCR (I mg X 4) 
14 . 46. Gl ioblastoma I. TR 2. 60 Gy 

3. AC NU (140 mg) • VCR (I. 7 5 mg X 2) 
15. 33. Astrocytoma I. PR 2. 60 Gy 36 

grade 3 3. AC NU (I 00 mg) • VCR (1 mg X 2) 
16. 46. Gliob l astoma I. SR 2. 72 Gy 

3. AC NU (I 00 mg X 4) . VCR (I mg X 6) 
17 . 52. Gl ioblastoma I. TR 2. 72 Gy 

3. AC NU (100 mg X 2). VCR (I mg X 6) 
18. 45 . Astrocytoma first: I. PR 2. 50 Gy 19. 

grade 3 (pons) second: I. PR 2. 20 Gy 
19. 52 . 01 igodendrogl ioma first: I. PR 2. 50 Gy 6 7. 14 

grade 3 second: I. Sll 
20 . 4 7. Glioblastoma I. SR 2. 7 ZG y 

3. AC NU (I 00 mg X 2). VCR (1 mg X 6) 
21. 35. Astrocytoma I. TR 2. 72 Gy 

grade 3 3. ACNU (I 00 mg X 2). VCR (I mg X 6) 
22 . 60. Glioblastoma first: I. TR 3. ACN U (I 00 mg X 4) 1 7. 11 

second: I. SR 2. 72 
3. ACNU (I 00 mg X 2). VCR (I mg X 6) 

TR . To ta I Rem ova I; SR. Subtotal Remova I; PR. Partial Removal; VCR. Vincristine 



Table 2. Patients' immunological profile and clinical responses 

Case CD4/CD8 NK. LAK activity Total of Administered Survival Time Tumor 

rlL-2(-) (+) LAK cells and rlL-2 (months) Response 

NK' LAK NK LAK X 109 X 105 JllU dead 

!. 0.85 23 5 74 43 4.0 5.6 16' f1ll 

2. !. 94 30 6 56 35 3.2 5. 6 21' CR 

3. 1. 13 30 8 67 66 6.0 4. 2 18' Mil 

4. !. 87 23 0 52 32 5.0 4.2 13' NC 

5. 0.92 23 9 61 75 3. 6 3. 5 35 CR 

6. !. 07 19 36 31 2. 8 3. 5 36 (-) 

7. 0. 91 30 4 71 71 4. 6 7.0 13' MR 

8. 0.88 21 5 62 43 3. 5 6.3 11' NC 

9. 0.99 11 1 60 28 4. 1 6.3 9' NC 

10. 0.41 28 1 69 34 3.2 4.9 4' PD 

11. !. 60 19 0 62 38 3. 8 4.2 18' (-) 

12. 0.99 21 5 86 59 3.3 3. 5 32 (-) 

13. !. 92 19 3 93 47 3.5 4.2 31 (-) 

14. 0.52 28 5 77 59 3.5 4.9 24 (-) 

15. !. 03 16 4 72 28 4.0 4.2 14 NC 

16. 0.88 0 52 31 1.2 3.5 5' NC 

17. 1. 50 10 0 58 29 5. 0 2. 8 12 (-) 

18. !. 72 8 0 80 50 4.5 4.2 5' NC 

19. 2.09 8 0 31 13 5.0 2.8 10 Cll 

20. !. 46 25 3 62 44 5.0 2. 1 10 NC 

21. 0.89 20 0 23 14 4.0 2. 1 10 (-) 

22. !. 46 25 4 62 44 5.0 4.2 6 NC 

Tumor Response : CR. complete response: Pll. partial response: fiR. minor response: 

NC, no change: PD. progressive disease: 

(-): no detected tumor on CT scan before treatment 



Table 3 Cytotoxicities of LAK cells to cultured glioma cells 

a. Cytotoxic assay to allogeneic cultured glioma cells (n = 6) 

E/T ratio % 

200 : 1 

100 

50 

U251 

Target cells 

Y. D. K. T. N. N. 

45. 2 ± 4. 1 33. 4 ± 5. 1 42. 6 ± 6. 3 48. 2 ± 7. 5 

38. 5 ± 3. 8 26. 7 ± 3. 2 34. 5 ± 4. 9 39. 6 ± 6. 3 

27. 8 ± 3. 4 21. 0 ± 4. 5 26. 2 ± 3. 1 32. 2 ± 4. 4 

b. Comparison between cytotoxicities to autologous and 

allogeneic U251 cultured glioma cells 

Target cells (E/T ratio = 200 1) 

Autologous U251 

% 

Case 42.5 40.6 

Case 2 50.8 38.3 

Case 3 49. 7 49.5 

Case 8 48.4 44.2 



Table 4. Phenotyping subsets in PBLs and LAK ce ll s 

obtained f rom the healthy control group and the patients. 

Controls (n = 10) Patients (n = 16) 

Phenotype PBL LAK PBL LAK 

CD4 (Leu 2a) 34. 8± 7. 2 33. 3± 8. 8 32. 1± 13.2 33. 5± 11.5 

CD3 (Leu 4) 71. 0± 10. 5 70. 2± 9. 3 68. 6± 6. 8 67. 5± 7. 1 

CD 57 (Leu 7) 16.6± 6.2 20. 2± 5. 9' 14. 5± 7. 9 19. 3± 10. 4' 

Leu HLA-DR 14.5± 6.2 41.0± 8.5 .. 16. 1 ± 9. 6 42. 0± 15. 7'. 

CD16 (Leu 11) 14. 1± 5. 9 12.2± 4.6 9. 6± 7.1 7.7± 4.0 

CD4 (Leu 3a+3b) 44. 6±10. 7 46.2± 8.3 34. 5± 13. 5 35. 1 ± 13. 8 

CD25 (I L-2 R) 1. 3± 0. 7 7. 2± 4.1 .. 1. 1± 0. 8 5.9± 4.6 .. 

CD4/CD8 1.52±0.20 1.60±0.28 1. 07 ±D. 39 1.10±0. 30 

• p<O. 05 •• p<0.001 



Table 5. Effect on cytotoxicities of LAK cells by CSF obtained from malignant 

glioma patients. 

Generation of LAK cells IL-2 Induced LAK cells 51 Cr release assay · 

Case IL-2 IL-2 + CSF IL-2 IL-2 + CSF in patient ' s CSF 

a. b. a .• b .• 

atient A 22. 6±2. 5 20.8±2.7 35. 9± 3. 1 34. 1 ± 1. 9 23.5 ± 1. 8 36. 5±3. 3 

B 29. 7±2. 1 27. 9±3. 2 40. 4±2. 2 38. 4±2. 5 28. 2 ±2. 5 39. 6±2. 3 

c 24. 6 ± 1. 5 25. 3±2. 0 29. 9± 2. 2 28. 4± 1. 7 23. 7 ±2. 0 29. 2±4. 1 

IL-2-induced LAK cells were incubated with or without CSF for two more days. 

· : CSF ex ists only during 51 Cr release assay. a·, b' : The LAK ce ll s used in the 

experiment were the same as those in experiment a. or b. respectedly. 



Table 6. The effects of anticonvulsants (DPII. PB. VPA) and DX on phenotyping 

express ion of LAK cells. 

Phenotype Control IL-2 IL-2 + DPH IL-2 + PB IL-2 + VPA IL-2 + DX 

CD57 (Leu 7) 15. 3± 7. 7 20. 8± 10.0 20. 5± 8. 3 

CD16 (Leu 11) 9. 6± 7. 1 7. 7± 4. 2 8. 7± 3. 8 

Leu HLA-DR 16. 2± 9. 9 42. 0± 15.7 40. 2± 9. 7 

CD25 (IL-2 R) 1.1± 0. 8 6. 7± 3. 6 6. 3± 2. 9 

22. 1 ± 5. 2 21. 5 ± 6. 1 

7. 5 ± 3. 2 8. 0 ± 2. 7 

43. 1 ± 11. 5 39. 7 ± 10. 8 

6. 8± 3.2 7.0± 3.1 

Control: phenotyping subsets of peripheral blood lymphocytes (PBLs) separated 

19.8±4.3 

8. 1 ±3. 9 

16.5±5.7' 

3. 0± 1. 4' 

by Fico!l-Paque. The PBLs were incubated with IL-2 (1000 JRU/ml) and the concentration 

of each drug was determined for three days. The concentrations of the drugs in the 

med ium were: DPH. 20 J,tg/ml: PB. 50 J,tg/ml: VPA. 100 J,tg/ml: DX. 10- 6 M n = 7 'p <0.01 



%Lysos 

NK acto'-'•IY (E/T = 20: 1) 
100 

LAK acto ... IIY (E/T = 10 : 1) 

80 

60 

40 

20 

before alter before after before alter before alter 

28 .7±6 .4 78.4±9.5 19.8±7.7 62 . 1±16.8 7.8±2 .8 62.3± 10.8 2.9±2.8 41 .5± 16 .7 
Control ( n = 10) Pat+ents(M = 22) Control ( n = 10) Pat+ents ( n = 22) 

P<0.001 P<0.001 P<O.OOI P<O.OOl 

Fig . 1 



% 

100 

~ 
80 

t:: 60 
~ 

iG 
::> 
2 40 

?; 
;:; 

~ 20 

U' 

Fig . 2 

20 

.. 

40 

Y ~ 1.018 X -1.565 
r = 0.969 

60 80 

LAK ac..tivity (E/T = 10/ 1) 

100 % 





%Lysis c:::::J NK activity 

~ LAK activity 
100 

80 

60 

40 

10 

Span- IL-2 IL-2 IL-2 IL-2 IL-2 
taneous + + + + 

DPH PB VP DX 

n = 7 * P<O .OI 

Fig. 4 



% L ySIS 

100 

BD 

60 

40 

20 

Fig . 5 

IL -2 

(Controls) 

0 NK ac t1v1 ty 

~ LAK ac t1v1 ty 

IL -2 

+ 
DPH 

tt 

IL -2 

+ 
PB 

~ 

IL -2 

+ 
VP 

rr 

IL -2 

+ 
ox 

n= 5 



a 

b 

Fig. 6 



a 

b 

F ig. 7 



a 

b 

c 

Fi g. 8 



a 

b 

c 

Fig . 9 



100 

80 

(.!) 
z 

60 > 
> 
0:: 
:J 40 (f) 

~ 

20 

0 
10 20 30 mo nths 

r :i g . 1 o 



a b 

c d 

Fig . 11 



a 







K
odak C

olor C
ontrol P

atches 
B

lue 
C

yan 
G

reen 
Y

ellow
 

R
ed 

M
agenta 

W
hite 

K
odak G

ray Scale 

A
 

1 
2 

3 
4 

s 


