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ABSTRACT 

The natural killer (NK) activity against K 562 target cells was explored in 20 
children with acute lymphoblastic leukemia (ALL). 

Three of 5 patients examined at the time of diagnosis had normal NK activity. Two 
patients, who had more than 80% circulating blasts had significantly low NK activity. The 
level of NK activity of these 5 patients was inversely proportional to the percentage 
of blast cells contaminating the effector cell populations. After initiating induction chemo
therapy, the NK activity decreased in spite of disappearance of circulating blasts. 
After complete remission, their NK activity returned to normal levels, and was rather 
higher than that of onset of the disease. 

NK activity of 15 children with ALL remaining in continuous complete remission 
was as high as that of healthy children and healthy adults in spite of intensive mainte
nance chemotherapy for 1/2 to 4 years. This was thought to be due to intermittent 
dose-schedule of the maintenance chemotherapy. 
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INTRODUCTION 

The immunological status of children with 
acute lymphoblastic leukemia (ALL) has been 
evaluated by many investigators. At the 
time of diagnosis, it was reported to be de
ranged secondary to leukemic infiltration of 
the lymphoid tissues. They showed impaired 
delayed cutaneous hypersensitivity, impaired 
lymphocyte proliferative responses to phytohe
magglutinin, and low serum immunoglobulin 
concentration 1 - 3>. 

survival of children with ALL treated with the 
combination chemotherapy protocol, "HL-1", is 
37%4>. To cure children with ALL, it is man
datory to use a number of chemotherapeutic 
agents in combination for long periods (for 3 
to 5 years). However, immunosuppressive ef
fects of these chemotherapeutic agents may be 
hazardous for children with ALL, because they 
may also suppress antitumor immunological 
function. To attain true cure of leukemia, 
effective immune responsiveness may be of 
major importance5 -1>. 

In recent years, a marked improvement in 
the prognosis of childhood ALL has been at
tained. At Hiroshima University School of 
Medicine, the expected 5-year "leukemia-free" 

Recently, natural killer (NK) cells and their 
possible role in antitumor surveillance have been 
extensively reportedB-lO). This pa par describes 
the NK activity of peripheral blood mononuclear 
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cells from children with ALL at the time of 
diagnosis and during chemotherapy. 

MATERIALS AND METHODS 

Children with ALL 
This study was carried out on 20 children 

with ALL aged 1 to 13 years, who were 
diagnosed at this institute from January 
1977 to December 1980. The diagnosis of 
leukemia was made according to established 
morphological and cytochemical criteria u, 12> • 

The membrane markers were examined by E 
rosette formation13> and by direct immunofluo
rescence technique using fluorescein-conjugated 
polyvalent goat anti-human immunoglobulin 
(Behringwerke AC, F.G.R.)14>. Five patients were 
studied at the time of diagnosis (before starting 
chemotherapy), and 15 patients remaining in con
tinuous complete remission were studied 1/2-4 
years after the initiation of maintenance che
motherapy. The outline of the remission induc
tion and maintenance chemotherapy is shown 
in Table 1. All patients in remission were 
examined 1-2 weeks after the chemothera
peutic pulses (on the day of next scheduled 

chemotherapy). Of these 20 patients, 18 had 
non-T /non-B acute lymphoblastic leukemia, 
and 2 had T -cell leukemia. 

Informed consent was obtained from patients 
and/ or gurdians. 
Cytotoxicity assay 

Techniques for the isolation of the effector 
cells, radiolabeling of the target cells (K 562), 
and cytotoxicity assay are detailed in previous 
report15>. Briefly, the effector cells were isolated 
from heparinized peripheral blood by centrifu
gation with Ficoll-diatrizoate sodium gradient. 
Approximately 2 x 106 target cells were labeled 
with 100 µCi of 51Cr (Na2

51Cr04, 1 mCi/ml, 
specific activity 250-450 µCi/mg Cr, New Eng
land Nuclear, Corp, Boston, Mass.) for 50 
minutes at 37° C in a humidified C02 incubator. 
The labeled K 562 cells were dispensed into 
wells of Nunc U-bottomed microtiter plates, 
each well receiving 0. 1 ml containing 104 cells. 
Equal volumes of various dilutions of effector 
cells were added to triplicate wells, yielding 
ratios of effector to target cells (E/T ratio) of 
6. 25, 12. 5, 25, 50, and 100. The plates were 
incubated at 37° C in a humidified atmosphere 
of 95 % air and 5 % C02 for 3 hours. Incuba-

Table 1. Outline of Tretment protocol 

Induction VCR 2. 0 mg/m2 iv on days 1, 8, 15, and 22. 

ADR 30 mg/m2 iv on day 8, 

PRED 60 mg/m2 po daily for 4 weeks. 

CNS Prophylaxis (after complete remission) 

Maintenance 

MTX 12 mg/m2 & SC 30 mg/m2 IT weekly x 5. 

MTX 500 mg/m2 iv infusion over 24 hours on day 8. 

Cranial irradiation 2, 400 rad. 

( 1) ADR 20 mg/m2 & VCR 2. 0 mg/m2 iv on day 1. 

PRED 100 mg/m2& 6-MP 100 mg/m2 po daily for 5 days. 

( 2) VCR 2. 0 mg/m2 iv on day 1. 

MTX 20 mg/m2 po on days 1 and 2. 

6-MP 100 mg/m2 po daily for 5 days. 

( 3) CP 400 mg/m2 & VCR 2. 0 mg/m2 iv on day 1. 

PRED 100 mg/m2& 6-MP 100 mg/m2 po daily for 5 days, 

( 4) MTX 500 mg/m2 iv infusion over 5 hours on day 1. 

Each course is rotated after a rest period of 1-2weeks. 

Chemotherapy is terminated after5 years, provided that the patient has continued to remain in complete 

remission. 

VCR=vincristine, ADR=adriamycin, PRED=prednisolone, MTX=methotrexate, SC=Solu-Cortef, 

6-MP = 6-mercaptopurine, CP = cyclophosphamide, IT= intrathecally. 
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tion was terminated by centrifuging plates at 
room temperature, and 0. 1 ml of supernatant 
was collected for counting in a well type gamma 
counter (Shimazu Model RA W-600, Shimazu, 
Japan). 

The NK activity (per cent specific lysis) was 
calculated from the following formula: 

per cent specific lysis 
_ CPM (experimental)-CPM (spontaneous) 
- CPM (maximum) -CPM (spontaneousf 

xlOO 
where experimental release was determined with 
effector cells present, and spontaneous release 
was determined from incubation of target cells 
in medium only (always less than 20% of the 
maximum release). The maximum release was 
determined by adding 0. 1 ml of 0. 5 % Triton 
X -100 to the target. 

RESULTS 

NK activity at the time of diagnosis 
NK activity of the peripheral blood mono

nuclear cells from 5 children with ALL was 
evaluated at the time of diagnosis before initiating 
chemotherapy. As shown in Fig. 1, the NK 
activity (per cent specific lysis) increased with the 
E/T ratio. In patients A, Band C, the NK activity 
was in normal range, and the activity of patients 
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Fig. 1. NK activity at the time of diagnosis of ALL 
Before initiating induction chemotherapy, the peri
pheral blood mononuclear cells from 5 children 
with ALL were incubated with 51Cr-labeled K 562 
cells at E/T ratios of 6. 25, 12. 5, 25, 50, 100, and 
200 for 3 hours, 

D and E was significantly lower. The effector 
cell suspensions prepared from patients were 
always contaminated with various numbers 
of blast cells. The percentage of this contami
nation was 3. 0%, 57.1%, 65. 0%, 80. 9%, and 
86. 3 % in patients A, B, C, D, and E, respec
tively. Considering this contamination, the 
level of NK activity was inversely proportional 
to the percentage of blast cells in effector cell 
populations (Fig. 2). Bone marrow cells aspi
rated from iliac crests were consisted of almost 
pure blast cells (more than 94% blasts) in all 
5 patients, and these blast cells showed no NK 
activity against K 562 target cells [per cent 
specific lysis was 0. 2±0. 6% (mean±S. D.) (n= 
5)]. 
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Fig. 2. Relationship of NK activity and per
centage of blast cells contaminating effector cell 
population 
The peripheral blood mononuclear cells were re
acted with 51Cr-labeled K 562 cells at an E/T ratio 
of 50 : 1 for 3 hours. 

As shown in Fig. 3, after the start of induction 
chemotherapy with vincristine and prednisolone, 
NK activity decreased, although the blast cells 
disappeared from the peripheral blood after 2 
weeks of chemotherapy. After complete remis
sion, the NK activity returned to normal level, 
rather higher than the activity at the time of 
diagnosis, in patients A, B, C, and E. 
NK activity during maintenance chemotherapy 

NK activity of 15 children with ALL remain
ing in continuous complete remission was stud
ied. They had been on intermittent mainte
nance therapy with multiple chemotherapeutic 
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Fig. 3. NK activity during remission induction 
chemotherapy 
The peripheral blood mononuclear cells were in
cubated with 51Cr-labeled K 5112 cells at an E/T 
ratio of 50 : 1 for 3 hours. 
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Fig. 4. NK activity of 5 children wii:h ALL at 
diagnosis, 15 children with ALL during mainten
ance chemotherapy, 20 healthy children, and 26 
healthy adult controls was depicted. The peripheral 
blood mononuclear cells were incubated with 51Cr
labeled K 562 cells at an E/T ratio of 50 : 1 for 3 
hours. The data show the mean % specific lysis 
±S.D. 

agents as described in Table 1 for 1/2-4 years 
before the assay was done. Their NK activity 
(per cent specific lysis) was 44. 9±16. 9% (mean 
±S. D.); this was as high as that of 20 healthy 
children ( 40. 8±11. 5 %) and 26 healthy adults 
(41. 3±14. 2%) (Fig. 4). 

DISCUSSION 

The system of immunological surveillance 
of tumors is thought to be composed of specific 
cytotoxic T cells, stimulated macrophages, anti
body-dependent cellular cytotoxicity (ADCC) 
with K cells, monocytes, and granulocytes, and 
natural cell-mediated cytotoxicity of natural 
killer (NK) cells16l. The specific cytotoxic T 
cells with antitumor activity may have minimal 
role in the very early stages of tumor growth, 
because they are generated only after a period 
of tumor growth and consequent sensitization 
to tumor associated antigen9l. Macrophages 
require macrophage-activating factors released 
from immune T cells, and ADCC requires 
antitumor antibodies. Therefore, they may 
come into play more important roles only at 
later stages of tumor progression. On the other 
hand, NK cells, which do not require pre
sensitization and exist in normal individuals 
before bearing tumors, are thought to provide 
the first order of defence against tumors9• 10l. 

The NK activity of peripheral blood lym
phocytes from healthy nonsensitized individuals 
have been extensively documented11 - 20 • It has 
been studied in patients with various solid 
tumors22 -zsl and NK cells have been considered 
to play a role in immunosurveillance against 
tumors, especially leukemias27 - 3ol. The NK 
activity of children with ALL at diagnosis, 
however, has not been previously reported. 

As shown in Figs. 1 and 4, two of the 5 
children with ALL showed significantly lower 
levels of NK activity at the time of diagnosis. 
The NK activity at this time was inversely propor
tional to the percentage of blast cells contaminat
ing the effector cell populations; i.e., the larger 
the number of leukemic blasts in the periph
eral circulation the lower the NK activity 
(Fig. 2). Livnat et al.81l reported that NK 
activity of peripheral blood lymphocytes against 
K 562 cells were subnormal in 35 % of leukemia 
patients before bone marrow transplantation. 
They speculated that low NK activity in patients 
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with circulating blasts was probably due to 
dilution and replacement of normal lymphocytes 
with blast cells. However, it is also possible 
that blast cells interfered with NK activity as 
competitive inhibitors of K 562 cells serving as 
targets for NK cells, or by exerting a suppres
sive effect on existing NK cells. 

After initiating induction chemotherapy with 
vincristine and prednisolone, the NK activity 
of all 5 patients was lower than pre-treatment 
level, although the number of blast cells in 
peripheral blood rapidly decreased and they 
almost disappeared from circulation after 2 
weeks of chemotherapy (Fig. 3). Corticosteroids 
were reported to have suppressive effect on NK 
activity32>, and after discontinuation of predni
solone, the NK activity of 4 patients increased 
to level higher than that of the onset (Fig. 3). 

As shown in Fig. 4, during maintenance 
chemotherapy, the NK activity of children with 
ALL was normal, although multiple chemother
apeutic agents had been given in combination 
for long periods (1/2-4 years) before NK activ
ity was assayed. Immunosuppressive effects of 
various chemotherapeutic agents have been well 
known. Mantovani et al. 33> reported that in
traperitoneal injection of azathioprine or cyclo
phosphamide to mice resulted in marked dose
dependent inhibition of splenic NK activity. 
The suppressed NK activity recovered rapidly; 
by 7 days after the treatment, no difference 
from control values was observed. Oldham et 
al.34> reported that children with ALL in 
remission undergoing maintenance chemothe
rapy had lower than normal NK activity against 
F 265 lymphoblastoid cell line. Their patients 
were treated with continuous daily 6-mercapto
purine and other agents. On the contrary, our 
patients were treated intermittently with rest 
periods of 1 to 2 weeks, although the number 
and dose of chemotherapeutic agents were larger 
than theirs. For obtaining higher cure rate, 
the intermittent chemothrapy has been consid
ered to be superior to the daily continuous 
maintenance therapy35

1
36>. Intermittent therapy 

has the advantage of allowing recovery of the 
normal hematopoietic cells as well as the recov
ery of the host's immunologic functions. Al
though the in vivo role of NK cells is not 
completely understood at present time, it is 
rationale to maintain NK activity of patients 
with malignancy at the normal level with the 

intermittent regimen like ours. 
One of the purposes of this study was to 

decide the prognosis in children with ALL from 
the level of NK activity. Two patients relapsed 
during this study, and their NK activity (per 
cent specific lysis at an E/T ratio of 50 : 1) 

was 14. 3% and 1. 0%. The percentage of 
circulating blast cells at that time was 4. 0 % 
and 90. 0%, respectively. Unfortunately, their NK 
activity shortly before the relapse was not 
examined. 

To clarify the correlation between the level 
of the NK activity and leukemic relapse, more 
extensive and long-term observation are needed. 
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