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Abstract

Background: We sometimes treat children with acute lymphoblastic leukemia in whom
neutrophil function is impaired at diagnosis. Transmission electron microscopy enables more
accurate assessment by providing greater morphological detail. Using transmission electron
microscopy, we have found 2 types of neutrophils in the peripheral blood of children: 1)
amoeboid neutrophils, which are characterized as amoeboid cells with pseudopodia and few
granules, and 2) round neutrophils with many granules at different stages and glycogen
particles.

Aim: To assess the pathological role of amoeboid neutrophils, we investigated amoeboid
neutrophils in the peripheral blood of children with leukemia.

Methods: Amoeboid neutrophils were examined in peripheral blood from 12 children with
acute B-cell precursor lymphoblastic leukemia (BCP-ALL). Eight children with short stature
served as healthy control subjects.

Results: The percentage of amoeboid neutrophils (per total neutrophil count) at onset or
relapse of BCP-ALL was significantly higher than at remission. Children with short stature
showed a lower percentage of amoeboid neutrophils than did children with acute leukemia.

Conclusion: The presence of fewer intracellular granules in amoeboid neutrophils
suggests lower neutrophil activity. These results indicate that amoeboid neutrophils in patients
with BCP-ALL have lower function at onset and relapse.
(J Nippon Med Sch 2014; 81: 78―83)
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Introduction

Infection is a major obstacle for cancer
chemotherapy. We have treated children with acute
lymphoblastic leukemia (ALL) in whom severe
infection developed at diagnosis despite neutrophil

counts being in the normal range. These cases
strongly suggest impaired neutrophil function in
ALL at diagnosis.
Transmission electron microscopy is used to

examine the characteristics of leukocytes1,2 and
leukemic cells 3 and enables more accurate
assessment by providing morphological details not
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discernible with light microscopy. During the routine
ultrastructural examination of peripheral blood from
children with acute leukemias at our institution, we
have often noted amoeboid neutrophils with few
granules which differed from round neutrophils with
many granules at different stages (azurophilc,
specific, and secretory granules)4. However, the
physiological and pathological roles of these
amoeboid neutrophils are unclear, particularly in
childhood acute leukemia. In this context, amoeboid
neutrophils in B-cell precursor ALL (BCP-ALL) were
analyzed at onset or relapse and at remission.

Materials and Methods

Patients and Controls
Peripheral blood samples remaining after ordinary

clinical use were used for this study after informed
consent had been obtained from patients or
guardians. Twelve patients, aged 1 to 17 years
(average age, 9.7±5.4 years), with BCP-ALL were
enrolled in this study. Four children had relapsed
disease, and the others had newly diagnosed disease.
Two patients provided samples at both onset and
relapse. The diagnosis of BCP-ALL was confirmed
with standard methods. All patients were treated
with the Tokyo Children’s Cancer Study Group ALL
protocol5,6. Although some children had infectious
disease on admission, the pathogen could not be
identified in any of them. For ethical reasons,
obtaining blood samples from healthy children for
research is extremely difficult in Japan. In addition,
peripheral blood from patients with infectious
diseases or inflammatory diseases could not be used
as specimens from healthy control subjects for
assessing neutrophil function. Therefore, we
examined the percentages of amoeboid neutrophils
in blood samples from 8 children with short stature
(average age, 9.9±1.3 years), who we assumed to
have normal neutrophil function, as control
specimens from subjects without infectious,
inflammatory, or malignant conditions.

Definition of Amoeboid Neutrophils
Amoeboid neutrophils are amoeboid cells ranging

from 13 to 18 μm in greatest diameter containing

few granules and glycogen particles and having
pseudopodia with no granules (Fig. 1). In contrast,
round neutrophils with many granules at different
stages (azulophilc, specific, and secretory granules)4

are seen in the peripheral blood (Fig. 1).

Microscopic Procedure
For electron microscopic observation, sample

preparation was as follows7. After centrifugation of
heparinized blood samples, plasma was replaced
with a 2.5% glutaraldehyde in phosphate buffer, pH
7.4, for fixation. After hardening, the buffy coat disk
was removed and minced into small pieces
according to a previously reported method5. Samples
were postfixed in 1% osmium tetroxide, dehydrated
in a graded alcohol series, and embedded in epoxy
resin (Epok 812, Okenshoji Co. Ltd., Tokyo, Japan).
Ultrathin sections were cut on an ultramicrotome,
stained with uranyl acetate and lead citrate, and
examined under an electron microscope at 80 kV
(Hitachi 7500, Hitachi Co., Ltd., Ibaraki, Japan). The
buffy coat disk included thrombocytes on one side
and red blood cells on the other side to overcome
any tendency for differential layering of the various
types of leukocytes. Leukocytes were counted in at
least 12 electron micrographs randomly taken from
each specimen. The percentages of total neutrophils
and amoeboid neutrophils were determined in the
approximately 200 leukocytes counted in each
specimen. Subsequently, the percentage of amoeboid
neutrophils per total leukocytes was calculated in
each case.

Statistical Analysis
Statistical analysis was performed with the

Kruskal-Wallis H-test with Bonferroni correction and,
if significant, a Mann-Whitney U-test. Comparisons of
the percentages of amoeboid neutrophils at onset or
relapse and in remission in the same patients were
performed with paired Wilcoxon analysis.

Results

Ultrastructural observation of peripheral blood
cells showed 5 major, distinct morphologic types of
leukocytes: lymphocytes, neutrophils, monocytes,
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Fig.　1　Representative electron micrographs 
showing features of amoeboid neutrophils 
with few granules and of round neutrophils
Amoeboid neutrophils (bottom and middle 
pictures) are amoeboid cells ranging from 13 
to 18 μm with pseudopodia and have fewer 
granules and glycogen particles than do 
round neutrophils, which have many 
granules at different stages (azulophilc, 
specific, and secretory granules) (top 
picture). The bottom picture shows large 
pseudopodia and degranulation. In addition, 
no granules are observed in the pseudopodia 
of amoeboid neutrophils.

Fig.　2　Light microscopic findings of amoeboid-like 
cells and round-like cells from smear 
specimens from a patient with ALL in 
remission
A neutrophil in the upper window showed a 
round shape and fine granules suggesting a 
round neutrophil. A neutrophil in the lower 
window (arrow) showed an amoeboid-like 
shape and coarse granules suggesting an 
amoeboid neutrophil. However, these 
differences were not clear

eosinophils, and basophils. Round neutrophils were
observed in the red blood cell side of the buffy coat
disk. The cytoplasm of round neutrophils contained
many glycogen particles and various granules,
including azurophilic granules and specific granules,
and secretory vesicles (Fig. 1).
On the other hand, amoeboid neutrophils were

usually seen on the thrombocyte side of the buffy
coat. Amoeboid neutrophils are amoeboid cells
ranging from 13 to 18 μm at their greatest diameter
and exhibit pseudopodia. Amoeboid neutrophils are
sometimes found together with thrombocytes. The
amoeboid neutrophils often showed low numbers of
granules and glycogen particles. In addition, no
granules were observed in the pseudopodia of
amoeboid neutrophils (Fig. 1).
Although we tried to distinguish amoeboid cells

from round cells by means of light microscopy, doing
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Fig.　3　Relation between an increased percentage of amoeboid neutrophils and 
the C-reactive protein value
There was no statistically significant relationship between the 
percentage of amoeboid neutrophils and the C-reactive protein value.

so was not possible with smear specimens and clot
section specimens of peripheral blood (Fig. 2).

Percentage of Amoeboid Neutrophils
The percentage of amoeboid neutrophils (per total

neutrophil count) was significantly higher at onset or
relapse of BCP-ALL (43.3%±34.9%, 2 of 12 cases)
than in remission (28.1%±27.0%, p=0.005), according
to paired Wilcoxon analysis. However, we could find
no relation between the percentage or count of
amoeboid neutrophils and the severity of infectious
events, represented by the C-reactive protein value
(Fig. 3). The percentage of amoeboid neutrophils
was significantly higher in BCP-ALL at onset or
relapse than in control subjects (Fig. 4).

Discussion

Several studies of neutrophil function in patients
with ALL8―11 have used chemotaxis assay, H2O2 and

O2 production, bactericidal activity, oxidative burst,
and phagocytic activity to evaluate neutrophil
function. These studies have shown impaired
chemotaxis7, phagocytic index and local leukocyte
mobilization8, and oxidative burst11, at the onset of
ALL. Some impaired functions recovered to normal
levels after treatment8,9,11. These studies have
indicated that some bactericidal functions of
neutrophils are impaired at the onset of childhood
ALL but are restored during remission. The present
study has found that novel morphological findings
might be related to neutrophil dysfunction in
children with ALL.
The amoeboid neutrophils observed with electron

microscopy in the present study had fewer granules
and glycogen particles and had pseudopodia. Their
large size suggests that these amoeboid neutrophils
had undergone frustrated phagocytosis12,13, with few
granules remaining14,15. Fewer intracellular glycogen
granules, which are the main energy source for
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Fig.　4　Percentages of amoeboid neutrophils in samples of peripheral blood from 
patients with BCP-ALL at onset or relapse and in remission and from control 
subjects
The percentage of amoeboid neutrophils was calculated as the number of 
amoeboid neutrophils divided by total number of neutrophils on electron 
microscopy. The Mann-Whitney U-test was used to compare the percentage of 
amoeboid neutrophils in children with BCP-ALL at onset or relapse and in 
remission with that in children with short stature as a control.
BCP-ALL: B cell precursor acute lymphoblastic leukemia

neutrophils, strongly indicate that amoeboid
neutrophils have impaired energy supply, leading to
impaired immunological function 16. Thus, the
amoeboid neutrophils we observed at onset of ALL
may have been neutrophils exhausted after
frustrated phagocytosis.
We attempted to distinguish between 2 types of

granulocytes with light microscopy. However
granulocytes from patients with ALL could not be
clearly distinguished with light microscopy (Fig. 2).
Thus, we believe that electron microscopic analysis
in this study might be a novel method for
identifying amoeboid neutrophils.
In conclusion, we have reported an increased

percentage of amoeboid neutrophils at onset or
relapse in patients with childhood BCP-ALL.
Children with BCP-ALL and suppressed neutrophil

function before treatment are predisposed to severe
infections after chemotherapy. The present results
suggest a method for estimating the risk of infection
in patients receiving high-dose chemotherapy.
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