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ABSTRACT
Background: Recent studies claim that apoptosis may explain immune dysfunction observed in
malnutrition. Objective: The objective of this study was to determine the effect of malnutrition on
apoptotic functions of phagocytic cells in acute lymphoblastic leukemia (ALL). Materials and
Methods: Twenty-eight ALL patients (13 with malnutrition) and thirty controls were enrolled.
Neutrophil and mononuclear cell apoptosis of ALL patients and the control group were studied on
admission before chemotherapy and repeated at a minimum of three months after induction of
chemotherapy or when the nutritional status of leukemic children improved. Results: The apoptotic
functions of both ALL groups on admission were significantly lower than those of the control group.
The apoptotic functions were lower in ALL patients with malnutrition than those in ALL patients
without malnutrition, but this was not statistically significant. The repeated apoptotic functions of
both ALL groups were increased to similar values with the control group. This increase was found to
be statistically significant. Conclusions: The apoptotic functions in ALL patients were not found to be
affected by malnutrition. However, after dietary intervention, increased apoptotic functions in both
ALL patient groups deserve mentioning. Dietary intervention should always be recommended as
malnutrition or cachexia leads to multiple complications. Enhanced apoptosis might originate also
from remission state of cancer.

Introduction

Apoptosis is a well-recognized, programmed cell death. It
plays an important role as a common homeostatic property
of all tissues, including tumor tissue (1). Recently, it has
been reported that apoptotic cells of the immune system
can actively regulate the immune response, and extensive
apoptosis may disturb the host defense and suppress the
immune system (1–5). Apoptosis of phagocytic cells is a
very dynamic and complex issue, both indicating positive
signals that activate mononuclear phagocytes to migrate
toward apoptotic cells, and also negative signals that inhibit
granulocyte migration (1). On the other hand, malnutrition
is a common cause of secondary immune deficiency still
having unresolved mechanisms. It is an important risk fac-
tor for infection, sepsis, and death (6–9) and compromises
immune response by reducing cell-mediated immunity,
phagocyte function, secretory antibody response (6,10),
and antibody affinity and by affecting the complement

system and cytokine production (6,11). Hence, apoptosis
may explain immune dysfunction observed in states of
under nutrition and malnutrition (1,6,7). Given the central
role of immune system in malnutrition and involvement of
apoptosis in regulation of the immune system, we aimed to
investigate the effect of malnutrition on apoptosis of the
cells making up the immune system in patients with acute
lymphoblastic leukemia (ALL).

Furthermore, neutrophils release anti-inflammatory
peptides, alpha-defensins, following engagement of their
apoptosis programme. Further anti-inflammatory mole-
cules released directly from apoptotic cells seem likely
and await elucidation.

Materials and Methods

This prospective study is approved by the local ethics
committee of the Marmara University and funded by the
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Marmara University Academic Research and Projections
Commission. Signed parental informed consent was
obtained.

The newly diagnosed ALL patients were enrolled
from three different centers. The age and sex-matched
control group were chosen from healthy children with-
out chronic diseases attending outpatient clinics. All
children had physical examinations carried out includ-
ing height, weight, ideal weight (IW), triceps skinfold
thickness (TSFT), upper arm muscle circumference
(UAMC) and calculation of body mass index (BMI) at
initial presentation by the same physician (Dr. FBC).
IW and BMI of each patient and healthy control were
compared with the national standards (12). IW meas-
urements below 90% and scores below the 5th percen-
tile for BMI values were considered to be in
malnutrition limits. TSFT and UAMC were compared
with the standards developed by A. Roberto Frisancho
(13). TSFT measurements below the 5th percentile and
UAMC measurements below the 15th percentile were
evaluated as malnourished. ALL patients were identi-
fied to have malnutrition if two of the four anthropo-
metric measurements (IW, BMI, TSFT, and UAMC)
were within malnutrition limits. At the same time,
blood was taken for specific biochemical analyses
including albumin, prealbumin and transferrin and for
apoptosis tests before induction chemotherapy from
both patient groups; blood was also obtained from
control group for apoptosis tests as the test control
values. Serum was isolated for biochemical analyses
and stored at –40�C until all sera are collected at the
end of the study. Apoptosis tests were studied at the
same day on childrens’ inclusion to the study before
induction chemotherapy. ALL patients with malnutri-
tion received oral diet counseling with calorie-rich
foods and also commercially available concentrated
sources of carbohydrates, proteins, or fats. Their daily
estimated energy requirements were calculated accord-
ing to ASPEN guidelines that are, briefly; ages 1–
7 years need 120 kcal/kg/day, ages 7–12 years need 75
kcal/kg/day, and ages above 12 years need 60 kcal/kg/
day (14). During the remission induction period, ste-
roids were administered as the main chemotherapeutic
agent to ALL patients. Steroids increased some of the
children’s appetites. Increased food intake made these
patients gain weight earlier. The anthropometric meas-
urements were performed periodically in all patients
for at least three months after the induction of chemo-
therapy until their nutritional status improved. When
the nutritional status improved, control blood was
taken for specific biochemical analyses from both
patient groups and for apoptosis tests from both
patient groups and control group.

Isolation of White Blood Cells

White blood cells from venous blood of the patients were
isolated by an ammonium chloride-based method. Briefly,
3 ml of blood was mixed with 30 ml of erythrocyte lysing
solution (0.1 ml EDTA; 155 mMNH4Cl; 10 mM KHCO3)
and was incubated at room temperature for 15 min. Fol-
lowing centrifugation at 600 g for 10 min, supernatant was
discarded, and the cell pellet was washed with phosphate-
buffered solution gel (PBS-gel; PBS containing 0.1% gela-
tin) and cell count was adjusted to 3–4£ 106.

Evaluation of Apoptosis and Cell Necrosis

Apoptosis was induced in cells using phorbol myristate ace-
tate (PMA, Sigma-Aldrich, Taufkirchen, Germany) as pre-
viously described and optimized (15). Briefly, two tubes
were prepared for each apoptosis experiment, and 1 £ 106

cells/ml were dispensed into the tubes. One of these was
induced for apoptosis using 100 ng/ml of PMA, at 37�C for
3 h, while the other was incubated at the same temperature
without stimulation as a control. Fluorogenic caspase-3
substrate, PhiPhiLux (PhiPhiluxG1D2, Cat. No. 235430
Calbiochem�, EMD Biosciences, Inc. Merck KGaA, Darm-
stadt, Germany) was used to stain and then evaluate apo-
ptotic events in mononuclear cells and neutrophils.
Following washing with PBS-gel, cells were labeled with 50
mL PhiPhiLux at 37�C in the dark for 1 h. Cells were
washed again with PBS-gel. During evaluation by flow
cytometry, 20 mg/ml of propidium iodide was added to the
tubes to reveal the late stages of apoptotic cell death.

For analysis, mononuclear cells and neutrophils were
separately gated according to their granularity and size,
on forward scatter versus side scatter plots. Early apopto-
sis, late apoptosis, and cell necrosis were evaluated on
fluorescence 1 (FL1 for PhiPhiLux) versus fluorescence 3
(FL3 for propidium iodide) plots. While the percentage
of cells stained with PhiPhiLux only was evaluated as
early apoptosis, the percentage of cells stained with both
PhiPhiLux and propidium iodide was evaluated as late
apoptosis and the percentage of cells stained with propi-
dium iodide only was evaluated as necrotic cells.

Statistical Analysis

Two independent groups were compared with Pearson
chi-square test for categorical variables. Comparisons
between two independent groups were made by Fisher
exact test if the number of one independent group was
below five. Student t-test and Mann-Whitney U test
were used for comparisons of continuous variables
between two independent groups. Dependent groups
were compared with Wilcoxon signed-ranks test for
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continuous variables. Significance level was accepted
with P < 0.05. Early neutrophil apoptosis test is one of
the primary tests in this study and probably has the larg-
est sample width. For 12 percent rise in early neutrophil
apoptosis (standard deviation as 15), it is planned to
have 15 cases per group to yield 80% power with 95%
confidence interval. SPSS 17.0 program was used in
order to evaluate the statistical tests.

Results

Demographic Data

Thirteen ALL patients (9 girls, 4 boys) with malnutrition,
15 ALL patients (10 girls, 5 boys) without malnutrition
aged between 11 months and 16 years, and 30 healthy
controls were enrolled into the study. Age between
patients and healthy controls is allowed to be matched to
§3 months (Table 1). Except for the UAMC measure-
ment that has a borderline statistical significance, IW,
BMI, and TSFT measurements of ALL patients with mal-
nutrition were found to be significantly lower than those
of both ALL patients without malnutrition and healthy
controls at admission to the study (Table 1). Except for
the transferrin value, albumin and prealbumin values of
ALL patients with malnutrition were found to be signifi-
cantly lower than those of ALL patients without malnu-
trition at admission to the study (Table 2). These values
of ALL patients with malnutrition were shown to reach
those values of ALL patients without malnutrition when
their nutritional status improved (Table 2).

Effect of Malnutrition on Apoptotic Functions

The measurements of neutrophil apoptotic and necrotic
neutrophil functions of ALL patients with malnutrition
were lower than ALL patients without malnutrition

before induction of chemotherapy but could not reach a
statistical significance (Table 3).

The measurements of mononuclear cell apoptotic and
necrotic mononuclear cell functions of ALL patients
with malnutrition were lower than those of ALL patients
without malnutrition before induction of chemotherapy
but could not reach a statistical significance (Table 3).

The measurements of neutrophil apoptotic and necrotic
neutrophil functions of ALL patients with and without mal-
nutrition before induction of chemotherapy were signifi-
cantly lower than those of the control group (Table 3). The
measurements of mononuclear cell apoptotic and necrotic
mononuclear cell functions of ALL patients with and with-
out malnutrition before induction of chemotherapy were
significantly lower than those of the control group (Table 3).

Effect of Nutritional Supplementation on ALL
patients with Malnutrition on Apoptotic Functions

The average length of time between the baseline apopto-
tic measures and last measure of the patients is §3,6
months. This is also the duration for the nutritional sta-
tus of ALL children to improve.

The repeated neutrophil and mononuclear cell apo-
ptotic functions of ALL patients with and without malnu-
trition before induction of chemotherapy were shown to
increase to the values of those of the control group three
months after the induction of chemotherapy (Table 4).
This increase was found to be statistically significant for
all neutrophil and mononuclear cell apoptotic functions
(P< 0.01, Wilcoxon signed-rank test; Table 5).

Discussion

In this study, it is hypothesized that malnutrition may
disturb macrophage and neutrophil apoptosis and

Table 1. Demographic features of ALL patient groups and the control group at admission before induction chemotherapy.

ALL with
malnutrition
(n:13)

Comparison of ALL
with and without
malnutrition
P-values

ALL
without
malnutrition

(n:15)

Comparison of ALL
without malnutrition and

control group
P-values

Control group
(n:30)

Comparison of ALL with
malnutrition and control

group
P-values

Gender: Male n(%)
Female n(%)

4 (31)
9 (69) 0.6�

5 (33)
10 (67) 0.82�

11(37)
19(63) 0.7�

Age (months)
(Mean § SD)

95 § 53.6 0.38�� 80.1 § 58.2 0.71�� 84.7 § 54.4 0.61��

Ideal weight (%) (Mean § SD) 84.19 § 4.88 <0.01��� 100.86 § 10.1 0.96��� 100.76 § 5.02 <0.01���

Upper arm muscle
circumference (cm)

(Mean § SD)

13.23 § 3.21 0.06�� 15.13 § 2.93 0.37�� 15.2 § 3.7 0.07��

Triceps skinfold thickness (cm)
(Mean § SD)

7.63§ 1.46 <0.01�� 11.96 § 2.12 0.76�� 11.2 § 2.1 <0.01��

Body mass index
(Weight/ Height2)

14.57 § 1.63 <0.01�� 18.11 § 2.81 0.13�� 17.3 § 2.3 <0.01��

ALL: Acute Lymphoblastic Leukemia, �P-values calculated from Pearson chi-square test, ��P-values calculated from Mann-Whitney U test, ���P-values calculated
from simple t-test, SD: standard deviation.
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contribute to the immunosuppressed state. ALL, like
many other cancers, exhibits loss of control in normal
proliferation, differentiation, and also apoptosis (16,17).
As expected, we demonstrated significantly lower neu-
trophil and mononuclear cell apoptotic measurements in
ALL patient groups than the healthy controls.

Apoptotic cell death may have a role in suppressing
the immune system (1–7). Voll et al., Chen et al. and
Byrne et al. showed that the presence of apoptotic cells
during monocyte and macrophage activation increases
the secretion of anti-inflammatory cytokine interleukin
10 (IL-10), transforms growth factor-b, and inhibits
proinflammatory cytokines such as tumor necrosis factor
alpha (TNF-a), IL-1, and IL-12; thus, the cellular
immune system deactivates itself and other cells (2–4).
Reiter and Krammer also found that apoptotic tumor
cells in the environment decreases the competence of
macrophages in the clearance of tumor cells and thus
enhances the growth of tumor cells (5). Recently, de Oli-
veira et al. investigated the effect of protein malnutrition
on the synthesis of IL-1a, IL-1b, IL-6, and IL-12 by peri-
toneal macrophages in rats, evaluating the NF-jB

signaling pathway that is activated by TNF-a via TNF-
receptor. It is revealed that macrophages from malnour-
ished animals could neither activate NF-jB nor induce
the production of IL-1b and IL-12 after TNF-a stimula-
tion in comparison with cells from control animals (6,7).
Several other studies described a marked deficit in TNF-
a, IL-1, and IL-6 production in malnutrition (6,7,18–20),
whereas others have reported that starvation increases
TNF-a production (21,22). It is generally observed that
in malnutrition states, when low levels of TNF-receptor
are present, individuals are more susceptible to infection.
A reduction in the stabilization of circulating TNF-a
may contribute to this possibility (7). Hence, reduced
levels of TNF-a is associated with download of all the
biologic processes including inflammation, growth, dif-
ferentiation, and also apoptosis (6,7). On the other hand,
Ortiz et al. established that severe malnutrition is signifi-
cantly associated with enhanced apoptosis in thymocytes
of experimentally malnourished rats compared with
well-nourished rats (21). They reported that malnutri-
tion-induced apoptosis could be related to alterations of
the microenvironment of the thymus and/or to an

Table 2. Biochemical values of ALL patient groups at admission before induction chemotherapy and the control values repeated when
the nutritional status improved.

ALL with
malnutrition
Mean § SD
(Day 0)

Comparison of ALL with
and without
malnutrition
P-values

ALL without
malnutrition
Mean § SD
(Day 0)

ALL with malnutrition
Mean § SD

(control at least 3 months
later)

Comparison of ALL with
and without
malnutrition
P-values

ALL without malnutrition
Mean § SD

(control at least 3 months
later)

Albumin 3.26 § 0.23 <0.01� 3.78 § 0.22 4.23 § 0.44 0.78� 4.18§ 0.31
Prealbumin 11.3 § 2.88 <0.01� 15.1 § 3.31 16.9 § 4.69 0.07� 18.1§ 3.52
Transferrin 1.69 § 0.27 0.09� 1.88 § 0.32 2.16 § 0.21 0.59� 2.01§ 0.44

�P- values calculated from Mann-Whitney U test.
SD: standard deviation.

Table 3. Neutrophil and mononuclear cell apoptosis measurements of ALL patient groups and the control group at admission before
induction chemotherapy.

ALL with
malnutrition
Mean § SD
(Day 0)

Comparison of Day 0
measurements of ALL
with and without
malnutrition
P-values�

ALL without
malnutrition
Mean § SD
(Day 0)

Comparison of Day 0
measurements of ALL
without malnutrition
and control group

P-values�
Control group
Mean § SD

Comparison of Day 0
measurements of ALL
with malnutrition
and control group

P-values�

Neutrophil necrosisy (%) 10.56 § 5.38 0.78 11.5 § 5.64 <0.01 21.87 § 14.36 <0.01
Early neutrophil apoptosisz

(%)
3.86 § 2.86 0.27 5.79 § 4.66 <0.01 19.96 § 14.19 <0.01

Late neutrophil apoptosisx

(%)
20.54 § 10.03 0.96 20.62 § 10.81 <0.01 41.23 § 20.79 <0.01

Mononuclear cell necrosisy

(%)
3.96 § 2.29 0.92 5.31 § 4.94 <0.01 11.34 § 9.8 <0.01

Early mononuclear cell
apoptosisz (%)

5.6 § 3.44 0.85 6.37 § 4.87 <0.01 13.2 § 10.53 <0.01

Late mononuclear
cellapoptosisx (%)

2.83 § 1.59 0.65 3.66 § 2.54 <0.01 12.22 § 10.55 <0.01

ALL, Acute Lymphoblastic Leukemia, SD, Standard Deviation,
�P-values calculated with Mann-Whitney U test.
ypercentage of cells that are stained by propidium iodide only.
zmeasured by percent fluorescence of Phi-Philux that is cleaved by active caspase-3.
xmeasured by percent fluorescence of Phi-Philux that is cleaved by active caspase-3 and propidium iodide.

NUTRITION AND CANCER 405



obstruction of early thymocyte maturation. Rivadeneira
et al. also reported enhanced apoptosis of macrophages
in rats with protein-calorie malnutrition compared to
rats fed with a normal protein diet (22). El-hodhod et al.
showed enhanced lymphocyte apoptosis in children with
protein energy malnutrition and also found that these
changes were successfully reversible by proper nutri-
tional rehabilitation (23). However, contrary to these
findings, Luo et al. established significantly disturbed
oral epithelial cell apoptosis and proliferation rates in
malnourished patients with gastrointestinal cancer (24).
They showed increased apoptosis rates after 3 days of

nutritional support. Likewise, we found lower apoptotic
functions in ALL patients with malnutrition compared
with ALL patients without malnutrition, but this finding
did not reach statistical significance. Larger sample sizes
of ALL patients with and without malnutrition might
show significant results in determining the means of
nutrition. Small sample size of the patient groups is per-
haps the most important limitation of our study. Malnu-
trition might delay apoptotic functions of neutrophils
and mononuclear cells as de Oliveira et al. detected in
the mouse model of protein energy malnutrition. The
conflicting results of these studies and thus limited

Table 4. Neutrophil and mononuclear cell apoptosis measurements of ALL patient groups and the control group repeated when the
nutritional status improved.

ALL with
malnutrition
Mean § SD

Comparison of
measurements of ALL
with and without
malnutrition
P-values�

ALL without
malnutrition
Mean § SD

Comparison of
measurements of ALL
without malnutrition
and control group

P-values�
Control group
Mean § SD

Comparison of
measurements of ALL
with malnutrition
and control group

P-values�

Neutrophil necrosisy (%) 22.06 § 9.24 0.71 22.56 § 7.32 0.46 21.87 § 14.36 0.61
Early neutrophil apoptosisz

(%)
19.23 § 9.39 0.92 19.38 § 11.29 0.86 19.96 § 14.19 0.64

Late neutrophil apoptosisx

(%)
41.84 § 9.55 1 42.04 § 18.26 0.8 41.23 § 20.79 0.8

Mononuclear cell necrosisy

(%)
11.78 § 7.07 0.31 9.74§ 7.21 0.76 11.34 § 9.8 0.44

Early mononuclear cell
apoptosis z (%)

8.82 § 4.44 0.78 10.06 § 5.36 0.47 13.2 § 10.53 0.36

Late mononuclear cell
apoptosisx (%)

12.2 § 9.86 0.58 10.99 § 8.66 0.99 12.22 § 10.55 0.47

ALL, Acute Lymphoblastic Leukemia; SD, Standard deviation,
�P-values calculated with Mann-Whitney U test.
yPercentage of cells that are stained by propidium iodide only.
zMeasured by percent fluorescence of Phi-Philux that is cleaved by active caspase-3.
xMeasured by percent fluorescence of Phi-Philux that is cleaved by active caspase-3 and propidium iodide.

Table 5. The comparison of neutrophil and mononuclear cell apoptosis measurements of ALL patient groups at admission before induc-
tion chemotherapy and when the nutritional status improved.

ALL with
malnutrition
Mean § SD
(Day 0)

Comparison of
measurements at Day 0
and when the nutrional
status improved in ALL

with malnutrition
P-values�

ALL with
malnutrition
Mean § SD
(at improved

nutritional status)

ALL without
malnutrition
Mean § SD
(Day 0)
P-values�

Comparison of
measurements at Day 0 and
when the nutrional status
improved in ALL without

malnutrition
P-values�

ALL without
malnutrition
Mean § SD
(at improved

nutritional status)

Neutrophil necrosisy (%) 10.56 § 5.38 <0.01 22.06 § 9.24 11.5 § 5.64 <0.01 22.56 § 7.32
Early neutrophil apoptosisz

(%)
3.86 § 2.86 <0.01 19.23 § 9.39 5.79 § 4.66 <0.01 19.38 § .64

Late neutrophil apoptosisx

(%)
20.54 § 10.03 <0.01 41.84 § 9.55 20.62 § 10.81 <0.01 42.04 § 18.26

Mononuclear cell necrosisy

(%)
3.96 § 2.29 <0.01 11.78 § 7.07 5.31 § 4.94 <0.01 9.74§ 7.21

Early mononuclear cell
apoptosisz (%)

5.6 § 3.44 <0.01 8.82 § 4.44 6.37 § 4.87 <0.01 10.06 § 5.36

Late mononuclear
cellapoptosisx (%)

2.83 § 1.59 <0.01 12.2 § 9.86 3.66 § 2.54 <0.01 10.99 § 8.66

ALL, Acute Lymphoblastic Leukemia; SD, Standard deviation,
�P-values calculated with Wilcoxon Signed Ranks test.
ypercentage of cells that are stained by propidium iodide only.
zmeasured by percent fluorescence of Phi-Philux that is cleaved by active caspase-3.
xmeasured by percent fluorescence of Phi-Philux that is cleaved by active caspase-3 and propidium iodide.
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understanding of the relationship between malnutrition
and apoptosis indicate the necessity for further studies in
this issue. The most important finding in our study is
that after dietary intervention, we detected increased
apoptotic functions in both ALL patient groups. Dietary
intervention, in the cancer setting, should always be rec-
ommended as malnutrition or cachexia leads to multiple
complications like febrile neutropenia, mucositis, infec-
tion, and so treatment delay. Our study in this respect is
original and emphasizes the impact of nutritional inter-
vention on cancer. However, improved apoptosis might
originate also from remission state of cancer. We cannot
speculate on whether the cancer state or malnutrition is
more important in determining apoptosis. Further stud-
ies with larger samples of patient groups and more evi-
dence about complex mechanisms of apoptosis are
needed to understand the overt effect of malnutrition on
apoptotic functions.
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