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Does Radiotherapy Augment Natural Killer Cell Function in Pediatric Acute 
Lymphoblastic Leukemia?

Çocukluk Çağı Akut Lenfoblastik Lösemisinde Radyoterapi Doğal Öldürücü Hücre 
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ABSTRACT
Objective: The aim of this study was to investigate changes in natural killer (NK) cell 
proportion, NK cell activity, and cytokine levels in children with acute lymphoblastic leukemia 
(ALL) during and after therapy. 
Materials and Methods: The study group included 33 ALL patients and the control group 
consisted of 11 healthy children. The ALL patients were divided into three groups, those who 
had completed protocol M, receiving maintenance chemotherapy, and whose chemotherapy was 
discontinued. NK cell cytotoxicity was evaluated at different effector to target (E:T) cell ratios 
and in lytic units (LU). Expression of CD56, CD3, NKp46, CD2, CD94, NKG2D, and CD16 
molecules and levels of the interferon gamma (IFN-γ) and interleukin-15 (IL-15) were measured.
Results: NK cell activity at an E:T ratio of 1:1 was higher in patients receiving maintenance 
chemotherapy compared to the other groups (p<0.05), but there was no difference between 
the groups in LU (p>0.05). The ratio of CD16+CD56+ cells was smaller in the maintenance 
chemotherapy group compared to controls (p<0.05). Patients who underwent prophylactic 
cranial irradiation showed significantly higher NK cytotoxicity at 1:1 E:T ratio compared to 
those who did not (p<0.05). Eighty-three percent of patients in the maintenance chemotherapy 
group underwent prophylactic cranial irradiation. The IFN-γ levels were significantly lower in 
the maintenance chemotherapy and discontinued treatment groups compared to the control 
group (p<0.05).
Conclusion: In children with ALL, chemotherapy reduces the NK cell population and IFN-γ 
levels. The increase in NK cell activity in patients receiving maintenance chemotherapy may be 
associated with prophylactic cranial radiotherapy.
Keywords: Acute lymphoblastic leukemia, children, interferon, natural killer cells

ÖZ
Amaç: Bu çalışmanın amacı, akut lenfoblastik lösemili (ALL) çocuklarda tedavi sırasında ve 
sonrasında doğal öldürücü (NK) hücre oranı, NK hücre aktivitesi ve sitokin düzeylerindeki 
değişiklikleri araştırmaktır.
Gereç ve Yöntem: Çalışma grubu 33 ALL hastasını ve kontrol grubu 11 sağlıklı çocuktan 
oluştu. ALL hastaları, M protokolünü tamamlayan, idame kemoterapisi alan ve kemoterapisi 
kesilen olmak üzere üç gruba ayrıldı. NK hücre sitotoksisitesi, farklı efektör-hedef (E:H) hücre 
oranlarında ve litik birimlerde (LU) değerlendirildi. CD56, CD3, NKp46, CD2, CD94, NKG2D 
ve CD16 moleküllerinin ekspresyonu ve interferon gamma (IFN-γ) ve interlökin-15 (IL-15) 
seviyeleri ölçüldü. 
Bulgular: 1:1 E:H oranında NK hücre aktivitesi idame kemoterapisi alan hastalarda diğer 
gruplara göre daha yüksek (p<0.05), ancak litik birimler açısından değerlendirildiğinde 
gruplar arasında fark saptanmadı (p>0.05). CD16+CD56+ hücrelerin oranı, kontrollere göre 
idame kemoterapi grubunda daha düşük (p<0.05), profilaktik kraniyal radyoterapi uygulanan 
hastaların 1:1 E:H oranında NK sitotoksisitesi ise almayanlara göre anlamlı olarak daha yüksek 
saptandı (p<0.05). İdame kemoterapi grubundaki hastaların %83’üne profilaktik kraniyal 
ışınlama uygulandı. IFN-γ seviyeleri kontrol grubuna göre idame kemoterapi ve tedavi kesilen 
gruplarda anlamlı olarak daha düşük saptandı (p<0.05).  
Sonuç: ALL'li çocuklarda kemoterapi NK hücre sayısını ve IFN-γ düzeylerini azaltır. İdame 
kemoterapisi alan hastalarda NK hücre aktivitesindeki artış profilaktik kraniyal radyoterapi 
ile ilişkili olabilir. 
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INTRODUCTION
Natural killer (NK) cells are components of the 

innate immune system that do not express CD3 or 
T-cell receptors and are specialised in killing stressed 
cells (virus-infected, tumour cells) lacking MHC I 
antigen by secreting cytotoxins (perforins and gran-
zymes) (1). As their importance became clearer, the 
functions of NK cells in various types of cancer has 
been evaluated both qualitatively and quantitatively 
(2–4). Acute lymphoblastic leukemia (ALL) is the 
most common type of cancer in children, accounting 
for 30–35% of all childhood cancers (5). In patients 
with ALL, the initiation of intensive combined che-
motherapy causes a profound impairment of immune 
functions (6,7). Perkins et al. evaluated immune func-
tion in 20 children with acute leukemia at the end of 
treatment and 6 months after treatment and observed 
varying degrees of immune dysfunction, including 
reduced or completely absent NK cell function (8). 
Another study showed that NK activity and IFN-γ 
levels were lower compared to control subjects in 42 
children with ALL during maintenance chemother-
apy (9). Because NK cells play a key role in many 
immune events, this impact on the NK cell population 
may make the battle against both infection and can-
cer more difficult in children with ALL, whose life 
expectancy has increased over the past 20–30 years. 
Information on NK cell function during the various 
stages of treatment in children suffering from ALL 
may help to improve the immune function in patients 
under treatment or whose treatment has been dis-
continued, and thereby increase survival (10,11). 
Therefore, the aim of this study was to investigate 
changes in NK cell numbers, NK cell activity, and 
cytokine levels in pediatric ALL patients during and 
after chemotherapy.

METHODS
Subjects
The study group included 33 ALL patients being 

followed in the Hematology and Oncology Unit of 
the Istanbul University, Istanbul Faculty of Medicine, 
Department of Pediatrics. The patients’ sex, birth 
date, age, age at diagnosis, risk group, maintenance 

therapy initiation date, duration of maintenance che-
motherapy, date of treatment cessation, treatment-free 
period, ALL immunophenotype, and chromosomal 
anomalies were recorded. The control group consist-
ed of 11 healthy children with no medical problems. 
This study was approved by the Local Ethical Com-
mittee of Istanbul University, the Istanbul Faculty of 
Medicine, in compliance with the Helsinki declaration 
and written informed consents were taken from all 
patients subsequent to their enrolment. Part of this 
study has been published in Journal of Child in 2011 
(12). The project has been supported by İstanbul 
University Scientific Research Projects (Project no 
T-889/02062006).

Heparinized peripheral blood samples were col-
lected from each patient and control subjects. The 
ALL patients were separated into three groups, those 
who had completed protocol M, those who were re-
ceiving maintenance chemotherapy, and those whose 
chemotherapy had been discontinued. Patients in the 
first two groups were under treatment with the BFM 
TRALL 2000 protocol (13). The patients were treat-
ed with chemotherapy protocols appropriate for their 
risk groups. Protocol I phase 1 included prednisolone, 
vincristine, daunorubicin, L-asparaginase, and intra-
thecal (IT) methotrexate (MTX). Protocol I phase 2 
included cyclophosphamide, cytosine arabinoside 
(ARA-C), oral 6-mercaptopurine (MP), and IT MTX. 
Protocol M consisted of 4 MTX infusions of 5 g/m2, 
oral 6-MP, and IT methotrexate. High-risk (HR) pa-
tients received 6 HR blocks. The first HR block in-
cluded high-dose ARA-C, high-dose MTX, dexa-
methasone, cyclophosphamide, L-asparaginase, IT 
MTX, ARA-C, and prednisolone. Protocol II consist-
ed of dexamethasone, vincristine, doxorubicin, L-as-
paraginase, cyclophosphamide, ARA-C, oral thiogua-
nine, and IT MTX. Prophylactic cranial irradiation 
was performed after protocol II, immediately before 
maintenance chemotherapy. Oral 6-MP (50 mg/m2/
day) and oral MTX (20 mg/m2/week) were adminis-
tered as maintenance therapy. The total duration of 
treatment in the standard-risk group was 36 months 
from the beginning of treatment for males and 24 
months for the others. Patients whose treatment was 
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discontinued had been treated with CCG-1891 (14). 
In this protocol, the standard-risk group was defined 
as a leukocyte count of <50000/mm3 and <10 years 
of age for these patients. The high-risk group includ-
ed patients with leukocyte counts >50000/mm3 or 
>10 years of age. Criteria for the high-risk group also 
included the unfavourable prognostic indicators 
t(4;11) and t(9;22). Prophylactic radiotherapy was 
performed on all patients immediately before main-
tenance chemotherapy for appropriate indications 
and at appropriate doses (14).

Cell Preparation
Blood samples from each study subject were col-

lected to heparin-coated blood collection tubes (BD 
Bioscience, San Jose, CA) and peripheral blood 
mononuclear cells (PBMCs) were isolated with Fi-
coll-Hypaque (Sigma Chem. Co., St. Louis, MO) 
density gradient centrifugation. The cells were 
washed two times with IMDM medium and prepared 
at a concentration of 5x105 cells/ml. The viability of 
cells was assessed using the trypan blue exclusion 
method (15). Medium was supplemented with 10% 
heat-inactivated fetal calf serum (FCS), penicillin 
(100 U/ml), streptomycin (100 mg/ml) and genta-
micin (50 mg/ml). 

Immunophenotyping
Heparinized peripheral blood samples from all 

donors were processed using whole blood lysis meth-
od to measure total NK cells. PBMC cells (2×105mL/1) 
were stained with anti-human CD56-FITC/CD16-PE, 
anti-human CD2-FITC, anti-human CD3-APC 
Cy7,  anti-human CD94-PE, anti-human NK-
G2D-APC and anti-human-NKp46-APC and isotype 
controls were followed by FITC-and PE-conjugated 
isotype-matched mAbs (all obtained from Becton 
Dickinson, San Jose, USA). Following surface stain-
ing, erythrocytes were lysed with FACS Lysing Solu-
tion (BD Biosciences, San Jose, CA), cells were washed 
and resuspended in 2% paraformaldehyde prior to 
flow acquisition and analysed with BD FACSCalibur 
running CellQuest Software (BD Bioscience, San Jose, 
CA) (Figure 1).

Cytotoxicity assay
Human erythroleukemia cells, K562, were used 

as target cells. PBMCs were used as the source of NK 
effector cells. Target cells were prepared at 5x105 cells/
ml and seeded indifferent ratios in 96-well U-bottom 
culture plates. The effector cells (E) were added to 
give effector/target (E/T) ratios of 1:1, 5:1, 10:1, 25:1 
and 50:1. In addition, E and T cells were incubated 
alone in the same conditions at a final volume of 100 
μl (16). Cells were incubated for 24 h at 37°C under 
5% CO2 before measuring the degree of cell killing 
using MTT (3-(4,5- dimethylthiazol-2yl)-2,5- diphe-
nyl tetrazolium bromide) (Sigma, M-5655) assay (17). 
After incubation, the plate was loaded with 10 μl of 
freshly prepared and filtered MTT (5 mg/ml in PBS) 
and incubated for a further 3 h. Sodium dodecyl 
sulfate (SDS) was added to each well in order to dis-
solve the formazan crystals formed by reduction of 
MTT by living cells. The absorbance was read at 540 
nm using a microplate reader and the results were 
expressed as follows to yield a percentage.

%NK cytotoxicity=(1-[(NK+K562avg)-(NKavg)] 
/K562avg)x100

Calculation of lytic units (LU)
NK cytotoxicity results were also expressed as a sin-

gle value by converting to lytic unit (LU). One LU was 
defined as the number of effector cells required to induce 
lysis in 50% of the target cells. These numbers were also 
divided by the 100% NK cell count (10-5) (18).

Figure 1. Flow cytometry image from a patient with acute 
lymphoblastic leukemia.
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Cytokine Measurement
IFN-γ and IL-15 concentrations were analysed in 

plasma samples of subjects using a commercially 
available (Biotek Instruments, Vermont, USA) en-
zyme-linked immunosorbent assay (ELISA), accord-
ing to the manufacturer’s manual, as previously de-
scribed (19). Standards and samples were incubated 
with an antibody-coated 96-well micro litre plate. An 
enzyme-linked polyclonal antibody specific for the 
cytokines was then added after washing. The inten-
sity of the colour was measured in a Biotek Instru-
ments microplate reader at 490 nm. Plasma collected 
prior to the assay was accepted as the cytokine level 
of unstimulated cells, while the supernatant of 
K562-stimulated cells at a 50:1 E:T ratio was accept-
ed as the cytokine level after the assay.

Statistical Analysis
Statistical analyses were performed with SPSS 14.0 

software (SPSS Inc., Chicago, IL, USA). One-way 
ANOVA was used for comparison of receptor expres-
sions, cytokine levels and NK activity between patients 
and control subjects. p<0.05 was accepted as the sta-
tistically significance level. 

RESULTS
Group characteristics 
Six of the patients had completed protocol M (33% 

females, 66% males) and their mean age was 7.31±4.45 
years. Twelve patients (17% females, 83% males) with 
a mean age of 10.14±4.08 years were receiving main-
tenance chemotherapy. There were 15 patients whose 
chemotherapy had been discontinued (40% females, 
60% males; mean age 13.09±4.32 years). Of the 11 
healthy patients in the control group, 36% were female, 
64% were male, and the mean age was 8.56±3.92 
years. The mean age was significantly higher in the 
discontinued treatment group compared to the oth-
er groups (p<0.05). Age at diagnosis for the patient 
groups was 7.07±4.45, 8.33±4.39, and 6.56±3.92 years, 
respectively. Comparisons of the patients’ immuno-
phenotypes, risk groups, chromosomal anomalies, 
maintenance chemotherapy durations, and treat-
ment-free durations are shown in Table 1. 

Evaluation of NK activity
NK activity was evaluated based on E:T ratios of 

1:1, 10:1, 20:1, 30:1, 50:1 (Figure 2). The mean results 
of the NK cytotoxicity test at a ratio of 1:1 were 
20.35±3.61% in patients who had completed protocol 
M, 48.22±10.78% in patients receiving maintenance 
chemotherapy, 24.34±16.49% in patients who finished 
treatment, and 20.61±10.98% in the control group. 
NK cytotoxicity at 1:1 E:T ratio was significantly 
higher in ALL patients receiving maintenance che-
motherapy compared to the other groups (p<0.05) 
(Figure 2). There was no significant difference be-
tween the groups at E:T ratios of 10:1, 20:1, 30:1, or 
50:1 (p>0.05).

When NK activity was determined in lytic units 
(LU), mean values were 1.38±0.41% in patients who 
had completed protocol M, 1.77±0.64% in those receiv-
ing maintenance chemotherapy, 1.64±0.30% in those 
who had finished treatment, and 1.55±0.22% in the 
control group (p>0.05). The mean and standard devi-
ation values from the NK cytotoxicity assay at different 
E:T ratios in the study groups are presented in Table 2.

NK cell receptor levels
In terms of receptor expression, the mean pro-

portion of CD16+CD56+ cells, which represents the 
NK cell population, was 4.04±2.64% in patients who 
completed protocol M, 4.00±2.04% in those receiving 
maintenance chemotherapy, 6.77±4.01% in patients 
who finished treatment, and 9.75±6.80% in controls. 

Figure 2. Natural killer cell cytotoxic activity based on 
groups with standard deviation values at effector to target 
cell (E:T) ratio of 1:1.
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The proportion was significantly lower in the main-
tenance chemotherapy group compared to the control 
group (p<0.05), while the difference between the 
protocol M and control groups was of borderline 
significance (p=0.06).

The mean proportions of CD16+NKG2D+cells 
were 9.40±3.39% in the protocol M group, 7.23±2.48% 
in the maintenance chemotherapy group, 9.53±3.83% 

in the discontinued treatment group, and 12.94±6.33% 
in the control group. This value was significantly 
lower in the maintenance chemotherapy group com-
pared to controls (p<0.05). 

Mean proportions of CD95+NKp46+cells were 
2.97±1.41% in the protocol M group, 2.46±1.41% in 
the maintenance chemotherapy group, 5.34±4.13% in 
the discontinued treatment group, and 6.49±2.31% in 

Table 1. Characteristics of the patient groups.
Completed  

protocol M n=6
Maintenance  

chemotherapy n=12
Treatment  

discontinued n=15
Control group

n=11
Sex 
   Female,n (%) 2 (33%) 2 (17%) 6 (40%) 4 (36%)
   Male, n (%) 4 (67%) 10 (83%) 9 (60%) 7 (63.7%)
Age (years) 
   Mean±SD    7.31±4.45 10.14±4.08 13.09±4.32 8.56±3.92
   Minimum 2.67 2.83 6.42 2
   Maximum 12.25 16.58 19.17 13.75
Age at diagnosis (years) 7.07±4.45 8.33±4.39 6.56±3.92 -
Immunophenotype
   B cell 5 (83%) 5 (42%) 12 (80%) -
   T cell 1 (17%) 7 (58%) 3 (20%) -
Risk group
   Standard 3 (50%) 2 (17%) 7 (47%) -
   Intermediate 3 (50%) 4 (33%) - -
   High - 6 (50%) 8 (53%) -
Chromosomal anomaly
   t(4;11) - 1 (8%) - -
Duration of maintenance chemotherapy (years)
   Mean±SD - 1.2±0.9 - -
   Minimum - 0.08 - -
   Maximum - 2.75 - -
Prophylactic cranial  
irradiation - 10 (83%) 8 (53%) -

Treatment-free period (years)
   Mean±SD - - 3.5±3.6 -

Table 2. Mean and standard deviation values from the natural killer cell cytotoxicity assay at different effector to target cell 
ratios by group.
E:T 
ratio

Completed  
protocol M n=6

Maintenance  
chemotherapy n=12

Treatment  
discontinued n=15

Control  
n=11 p

1:1 (%) 20.35±3.61 48.22±10.78 24.34±16.49 20.61±10.98
Maintenance CT vs. Protocol 

M, no treatment, controls: <0.05
Other comparisons: >0.05

10:1 (%) 37.13±14.41 63.43±20.01 51.62±20.55 40.61±14.85 >0.05
20:1 (%) 42.04±15.73 61.54±18.37 62.67±25.03 50.57±15.86 >0.05
30:1 (%) 56.05±16.12 76.81±17.54 63.98±29.38 69.61±13.33 >0.05
50:1 (%) 69.51±20.48 81.73±20.81 71.49±33.81 77.66±10.73 >0.05
LU50/105 1.38±0.41 1.77±0.64 1.64±0.30 1.55±0.22 >0.05
E:T: Effector:Target cell; Maintenance CT: Patients receiving maintenance chemotherapy; Protocol M: Patients who completed protocol M; 
No treatment: Patients whose treatment was discontinued
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the control group. This value was significantly lower 
in the protocol M group compared to controls (p<0.05). 

Mean proportions of CD56+CD94+cells were 
4.38±2.49% in the protocol M group, 5.47±2.78% in 
the maintenance chemotherapy group, 6.11±3.18% 
in the discontinued chemotherapy group, and 
9.59±5.14% in the control group. The proportion was 
significantly lower in patients who had completed 
protocol M compared to controls (p<0.05), whereas 
the difference between those who had finished treat-
ment and the controls was at the boundary of signif-
icance (p=0.05) (Table 3). 

Comparison of patients based on prophylactic 
cranial irradiation

CD16+CD56+ cell ratio and NK cytotoxicity at an 
E:T ratio of 1:1 were compared between patients who 
did and did not undergo prophylactic cranial irradi-
ation. NK cytotoxicity was significantly higher in 
those who received prophylactic cranial irradiation 
than in those who did not (p<0.05) (Table 4). There 
was no significant difference in the ratio of 
CD16+CD56+ cells (NK cell count). 

Comparison of groups based on prophylactic 
cranial irradiation

NK cell counts and activity in the maintenance che-
motherapy and discontinued treatment groups were 
compared based on history of prophylactic cranial ir-
radiation. Eighty-three percent of patients in the main-
tenance chemotherapy group had undergone prophy-
lactic cranial irradiation. There was no significant 
difference between those who did and did not receive 
prophylactic cranial irradiation in terms of NK activity 
expressed in LU. The mean proportion of CD16+/CD56+ 
cells was 3.80±2.15% in patients who had received pro-
phylactic cranial irradiation 5±1.41% in those who had 
not (p>0.05). Fifty-three percent of patients who had 
finished treatment had received prophylactic cranial 
irradiation. Cytotoxic activity at a 1:1 E:T ratio was high-
er among those who had received prophylactic cranial 
irradiation compared to those who had not, but the 
difference was not significant. The mean LU value was 
1.49±0.24 in the prophylactic cranial irradiation group 

and 1.75±0.31 in the group without prophylactic crani-
al irradiation. In the discontinued treatment group, the 
mean proportion of CD16+CD56+ cells was 5.81±3.98% 
for those who had received prophylactic cranial irradi-
ation and 8.05±4.01% for those who had not received 
prophylactic cranial irradiation, but the difference was 
not significant (Table 5). 

Comparison of patients based on risk group
Within-group comparisons of NK cell ratio and 

activity were made based on the patients’ risk groups. 
Fifty percent of patients in the protocol M group were 
at standard risk and the rest were in the intermedi-
ate-risk group. The mean LU value of the standard-risk 
group was 1.51±0.49 and the mean proportion of 
CD16+CD56+ cells was 4.48±3.31%. Of the patients 
receiving maintenance chemotherapy, 16% were in 
the standard-risk group, 34% were in the intermedi-
ate-risk group, and 50% were in the high-risk group. 
The CD16+CD56+ NK cell population was larger in 
the standard-risk group compared to the high-risk 
group, but the difference was not significant. For-
ty-seven percent of the patients whose treatment was 
discontinued were in the standard-risk group and 
53% were in the high-risk group. Mean LU value was 
1.75±0.31 in the standard-risk group and the mean 
CD16+CD56+cell ratio was 8.05±4.01%.

Comparison of patients based on length of treat-
ment-free period

NK cell ratio and activity were compared between 
patients whose treatment was discontinued ≤1 year 
earlier and >1 year earlier. The mean NK activity at 
an E:T ratio of 1:1 was 22.36±15.87% in patients who 
were treatment-free for ≤1 year and 26.32±18.35% 
for those who were treatment-free for >1 year. 
CD16+CD56+cell ratios in these groups were 
5.05±3.58% and 8.06±4.02%, respectively. There was 
no significant difference between the groups.

Comparison of groups based on immunophe-
notypes

NK activity and LU at E:T 1:1 and NK ratio were 
compared within the groups based on immunopheno-
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type. There was a significant difference in CD16+CD56+ 
ratio between the B and T cell immunophenotypes in 
the group whose treatment was discontinued (p<0.05). 

Distribution of cytokine levels by group
IL-15 and IFN-γ levels measured from samples ob-

tained before (unstimulated, serum level) and after 
(stimulated, with tumour cells) the NK activity assay 
was evaluated in the different treatment groups. In the 
samples taken before the assay, the maintenance che-
motherapy and discontinued treatment groups had 
significantly lower IFN-γ levels compared to the control 
group (p<0.05). Other differences were not significant.

DISCUSSION
In this study, NK cell activity was evaluated both 

as a percentage of cytotoxicity and as LU50/105 at 
different E:T ratios in children at various stages of 
ALL treatment compared to a control group. When 
evaluated as LU50/105, NK cell activity was highest in 

the patients receiving maintenance chemotherapy, 
but the difference was not significant. The percentage 
of NK cell activity at a 1:1 E:T ratio of the group re-
ceiving maintenance chemotherapy was higher than 
in the patients who had completed protocol M, the 
patients whose treatment was discontinued, and the 
control group. Sørskaar et al. evaluated NK cell ac-
tivity in children with ALL and found that NK cell 
activity in the peripheral blood and bone marrow 
was significantly lower in these patients at time of 
diagnosis compared to normal healthy controls, while 
there was no difference in activity between patients 
in remission and the control group. However, the 
small number of patients and the fact that the control 
group consisted of healthy adults instead of children 
makes it difficult to interpret the results of their study 
(20). Another study including a larger patient series 
showed that NK activity (calculated from a LU/107 
20% kill rate) was significantly lower in children with 
ALL receiving maintenance chemotherapy when 

Table 3. Receptor expression by group.

Receptors (%) Protocol M Maintenance CT Treatment  
discontinued Controls p

CD3-

CD16+ 17.00±2.94 18.78±6.81 16.78±4.95 19.57±5.62 >0.05

CD3-

CD56+ 7.25±4.27 10.11±6.03 11.09±5.96 14.29±8.71 >0.05

CD3+

CD16+ 12.49±6.69 11.25±5.94 9.57±5.36 7.32±2.74 >0.05

CD3+

CD56+ 3.55±1.63 5.24±4.51 3.31±1.20 2.78±1.99 >0.05

CD16+

CD56+ 4.04±2.64 4.00±2.04 6.77±4.01 9.75±6.80

>0.05
Protocol M vs. controls: p=0.06
Maintenance CT vs. controls: 

p<0.05

CD16+

NKG2D+ 9.40±3.39 7.23±2.48 9.53±3.83 12.94±6.33
>0.05

Maintenance CT vs. controls: 
p<0.05

CD2+

NKG2D+ 50.88±12.08 51.58±14.70 39.97±7.87 43.53±7.66
>0.05

Maintenance CT vs. No treat-
ment: p=0.047

CD2+

CD16+ 13.67±5.67 9.46±3.45 9.45±4.23 13.35±5.18 >0.05

CD94+

NKp46+ 2.97±1.41 2.46±1.41 5.34±4.13 6.49±2.31
>0.05

Maintenance CT vs. controls: 
p<0.05

CD56+

CD94+ 4.38±2.49 5.47±2.78 6.11±3.18 9.59±5.14
>0.05

Protocol M vs. controls: <0.05
No treatment vs. controls: 0.05

CT: Chemotherapy, Protocol M: Completed Protocol M; No treatment: Treatment discontinued
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compared to adult and pediatric controls, while there 
was no significant difference in LU between patients 
whose treatment was discontinued and the control 
group (21). Similarly, a comparison of 22 children 
with ALL receiving maintenance chemotherapy and 
healthy controls demonstrated that the ALL patients 
had relatively lower NK cell activity even if NK cell 
count was normal, but their NK cell activity also 
normalised within a few months of treatment cessa-
tion (22). Our findings are not consistent with the 
aforementioned studies. The NK cell population is 
known to increase both in size and activity over the 
lifetime of an individual (23). This offers no expla-
nation for the higher NK cell activity we observed in 
the group of patients receiving maintenance chemo-
therapy, who did not differ from the other groups in 
terms of age distribution. In a study on Hodgkin’s 
disease, NK cell activity was found to be increased 
compared to the control group in patients treated 
with radiotherapy or radiotherapy + chemotherapy, 
similar to our study (24). It is known that radiother-
apy to the brain induces changes in the immunolog-

ic status of the children (25). Eighty-three percent of 
the children in our maintenance chemotherapy group 
underwent prophylactic cranial irradiation just before 
maintenance chemotherapy was initiated. Yamada et 
al. reported significant increases in NK cell activity 
immediately after irradiation in children with ALL 
who underwent 24 Gy of prophylactic cranial irra-
diation. They also reported that when lymphocytes 
obtained from healthy persons were subjected to 20 
Gy radiation in vitro, NK activity increased by 1.4 
times compared to cells that were not irradiated 
(p<0.05), but that activity decreased significantly 
when the exposure was increased to 50 Gy. When the 
late effects of radiotherapy were evaluated, the mean 
NK activity of irradiated patients was higher com-
pared to non-irradiated patients and the control 
group. They investigated whether this was related to 
a decrease in suppressor T lymphocytes or a humor-
al effect, and determined that radiotherapy had a 
direct stimulatory effect on NK cells (26). Another 
study also documented increased mean NK cell ac-
tivity level in healthy subjects after low-dose radiation 
(27). In our study, most patients (83%) in the main-
tenance chemotherapy group had received 12–18 Gy 
of radiation. In addition, our statistical analysis of 
the entire patient group indicated that NK cytotox-
icity was significantly higher among patients who 
received prophylactic cranial irradiation compared 
to those who did not. Studies reporting low NK cell 
activity may have had different rates of prophylactic 
cranial irradiation than in our patient group. The 
increase in NK activity in our maintenance chemo-
therapy group may be interpreted in this way.

In the present study, when we analysed receptor 
expression by group in order to evaluate the activi-
ty-receptor relationship, the CD16+CD56+ (NK cell) 
population was significantly reduced in the group 
that had completed protocol M and the group re-
ceiving maintenance chemotherapy compared to 
controls. Similar to our study, Mazur et al. compared 
the CD16+CD56+ population in children with ALL 
immediately after completing protocol II and 1 year 
later to a control group and found this cell population 
to be lower in the group receiving intensive chemo-

Table 4. Comparison of all patients based on prophylactic 
cranial irradiation.

E:T 1:1 (%) CD16+CD56+  (%)
PCI+ 40.69±16.23 (n=13) 4.69±3.17 (n=18)
PCI- 22.99±14.5 (n=13) 5.90±3.59 (n=14)
P 0.007* >0.05
*p<0.05; E:T: Effector:target cell; PCI: Prophylactic cranial irradia-
tion 

Table 5. Comparison of groups based on prophylactic cra-
nial irradiation.

Maintenance  
chemotherapy n=12

Treatment  
discontinued n=15

PCI+ 
n 10 (83%) 8 (53%)
E:T 1:1 48.06±11.51% 28.90±16.62%
LU50/105 1.77±0.68 1.49±0.24
CD16+/CD56+ 3.80±2.15% 5.81±3.98%
PCI-
n 1 (8%) 7 (47%)
E:T 1:1 49.54% 21.08±16.86%
LU50/105 1.81 1.75±0.31
CD16+ CD56+ 5±1.41% 8.05±4.01%
p 0.05<
E:T: Effector:target cell; LU: Lytic unit; PCI: Prophylactic cranial 
irradiation
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therapy compared to the other groups (28). In a 
prospective study by Eyrich et al., 20 standard and 
intermediate-risk pediatric patients with ALL who 
had not received radiotherapy were evaluated in 
terms of cellular and humoral immunity at various 
stages of chemotherapy. The authors observed that 
NK cells were within normal limits at diagnosis, but 
that their numbers decreased like other lymphocytes 
with intensive chemotherapy, and that after a short 
recovery period at the end of induction phase II, 
they remained below the normal range during rein-
duction and maintenance chemotherapy. However, 
they rose again 3–6 months after treatment cessation 
(29). Cytokines were also investigated in this pro-
spective study. IL-4, IL-7, IL-13, IL-15, IFN-γ, and 
TGFβ levels were evaluated and minor changes were 
observed in the levels of these cytokines during the 
course of treatment. In our study, IFN-γ and IL-15 
levels in various treatment groups were evaluated 
before and after mononuclear cell stimulation by 
tumour cells. Levels of IFN-γ and IL-15 were signifi-
cantly lower only in the unstimulated samples from 
the maintenance chemotherapy and discontinued 
treatment groups compared to the control group. 

The intensity and duration of chemotherapy sig-
nificantly affect immune functions, and intensity of 
chemotherapy is determined according to risk group. 
Ek et al. compared standard-, intermediate-, and 
high-risk groups in childhood ALL and determined 
that there were persistent abnormalities in the T, B, 
and NK cell subpopulations in the high-risk group 
even 6 months after treatment (30). In our evaluation 
of patients by risk group, mean LU and NK cell ra-
tios were higher in patients who completed protocol 
M in the standard-risk group compared to those in 
the intermediate-risk group. The rate of CD16/CD56 
positivity was higher in the standard-risk group 
compared to the other risk groups. Among patients 
whose treatment had been discontinued, the stan-
dard-risk group was superior in terms of both NK 
activity and NK cell count. Similar to the study by 
Ek et al., NK functions were both qualitatively and 
quantitatively higher in the standard-risk group (i.e., 
in patients receiving less intensive chemotherapy), 

but the differences were not statistically significant. 
The group of patients whose treatment had been 

discontinued was evaluated based on the length of 
treatment-free period. Cytotoxic activity and LU at 
E:T of 1:1 and CD16+CD56+ ratio tended to be lower 
in patients with shorter (≤1 year) treatment-free pe-
riod compared to those with longer periods (>1 year), 
but the difference was not significant. The 
CD16+CD56+ ratio of the patients whose treatment 
had been discontinued was lower compared to the 
control group. In a study by Kovacs et al., one or more 
cellular immunity parameters were below normal 
range in 41.9% of children with leukemia 15±4.4 
months after chemotherapy cessation. NK activity 
was decreased in 16.3% and ADCC was decreased in 
18.6% of children with leukemia (31).

In the present study, we aimed to quantitatively 
and functionally assess NK cell activity in children 
with ALL at various stages of chemotherapy and to 
relate these features with clinical findings. Unlike 
other studies in the literature, we evaluated both NK 
activity and NK cell receptors together. We also took 
into consideration the patients’ risk groups and wheth-
er the patients underwent cranial irradiation. The 
limitation of the study is that there were limited num-
ber of patients in each group. The small number of 
patients per group and their nonhomogeneous dis-
tribution in our study made statistical evaluation 
difficult. Changes in NK cell activity and count with 
age in healthy individuals necessitates the formation 
of age subgroups in larger case series. In addition, a 
prospective study of children with acute leukemia in 
different stages of chemotherapy is needed to evalu-
ate specific changes with different chemotherapeutic 
agents. Evaluating both humoral and cellular immu-
nity in children with ALL will provide a comprehen-
sive understanding of this system.  
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