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ABSTRACT

It has been reported that the appearance of small megakaryocytes can be detected in
various blood diseases and in fetal hematopoiesis,

In the studies reported herein, we have investigated the age changes in the area of
megakaryocytes during fetal stage to the newborn infant, infant, and adult stage.

The megakaryocyte increased in size from ago of 5 months to 10 months in fetal
stage, and then at the age of one year after birth reached a size almost identical to that

of adults.

In comparing the megakaryocyte area by fetal age, however, the significant difference
was not observed in the hepatic and the bone marrow hematopoiesis at the age of 5

and 7 months.

The results in comparing the area ratio of the nucleus to the cytoplasm of megakar-
yocytes indicated that the nucleus of fetel megakaryocytes is generally smaller than that

of adult marrow megakaryocytes.

This finding suggests that the size of the nucleus of megakaryocytes enlarges with

increase in the area of megakaryocytes.

It is also considered that the functional or morphological changes of megakaryocytes
may reflect the function or morphology of the platelet.

INTRODUCTION

It is well known that fetal hematopoiesis
commences from the yolk sac and then hepatic
hematopoiesis becomes predominant in the early
to the midterm of pregnancy. From the fifth
month of fetal stage, hepatic hematopoiesis grad-
ually decreases to be replaced by the increase
in fetal marrow hematopoiesis%”1¥, We have
previously reported on our comparison of cell
diameter of megakaryocytes during fetal hepatic
hematopoiesis and that of adult marrow meg-
akaryocytes, in which it was observed that
megakaryocytes seen in the fetal liver are gen-
erally smaller than those of the adult bone
marrow?,

This report describes the age changes in

megakaryocyte area from the fetal stage to the
newborn infant, infant, and adult stages.

MATERIALS AND METHODS

Examination was made on megakaryocytes
of the liver (fetal stage) and the bone marrow
(fetal, infant and adult stages). All specimens
were obtained from autopsy materials (7 cases
of 5 months, 4 cases of 7 months, 2 cases of
10 months). Most of the fetal materials (13
cases) were cases of artificial abortion. The
cause of death of 4 newborn infants (less than
1 year), 4 infants (1-4 years), and 2 adults were
not blood disease. After fixing the fetal liver
in formalin, histological specimens were routine-
ly prepared and then stained with hematoxylin,
eosin or PAS, As for bone marrow specimens,
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after fixing in formalin and decalcification, they
were embedded in paraffin according to standard
procedure and thin specimens thus obtained
were stained with hematoxylin, eosin or PAS.
The mature megakaryocytes in the specimens
were observed at 1,000 power magnification
and photographed. The photographic negatives
were enlarged at a fixed enlargement rate
and the megakaryocyte area was measured by
a mortion analyzer (NAC Company).

RESULTS

Table 1 shows a comparison of the area of
megakaryocytes observed in the fetal liver and
bone marrow. The results are the means of
the measured values.

The mean area of hepatic megakaryocytes
of 5 months old fetuses was 11.344. 3 cm? and
that of marrow megakaryocytes of the same
age was 10.5+3.0cm? The mean area of
hepatic megakaryocytes of 7 months old fetuses
was 13.8+4+4.3cm? and that of marrow meg-
akaryocytes of the same age was 14. 544, 8 cm?
There was no significant difference between

fetal hepatic megakaryocytes and fetal marrow
megakaryocytes of the same age. However, the
mean area of megakaryocytes of 7 months old
fetuses was significantly larger than that of 5
months old fetuses.

The changes in the megakaryocyte area with
fetal age and age after birth are shown in Table
2 and Fig. 1. As shown in Table 2, the mean
area of megakaryocytes was 10.8+3.2cm? at
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Fig. 1. Change in area of megakaryocytes from
fetal stage to adulthood

Table 1. Area of megakaryocytes 1n human fetal liver and bone marrow and in adult bone marrow
Number of Number of cells Area of cells
cases examined (Actual measurement cm?)*

Fetal 5 months
Liver 49 11.3%4.3
Bone marrow 5 81 10.5%3.0
Fetal 7 months
Liver 2 59 13.8+4.3
Bone marrow 2 65 14.5+4.8
Adult bone marrow 2 40 22.61+6.2

* True area = Actual measurement x —()%S—X 10* pm?,

Table 2. Marrow megakaryocyte area during fetal, neonatal and infancy stages

Material Number of Number of cells Area of cells
aterials cases examined (Actual measurement cm?)*

Fetal ( 5 months) 7 130 10.8+3.2

( 7 months) 4 122 14.0+4.2

(10 months) 2 65 14.942.9
Newborn (<(i year) 4 83 16.81+4.1
Infancy (1-6 years) _ 4 74 23.0+4.7
Adult 2 40 22.61+6.2

* True area = Actual measurement x —L_x 104 pmé2,
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Fig. 2. Distribution of megakaryocyte area of
fetal, neonatal, infantile and adult bone marrow

5 months, 14, 0+4.2cm? at 7 months, 14,9+
2.9cm? at 10 months, 23.04+4.7cm? at less
than 1 year after birth, 23.044.7 cm? at 1-6
years, and 22.6+6.2cm? in adults.

The mean megakaryocyte area increased with
fetal age, however, the megakaryocytes of 10
months old fetuses were smaller than that of
adult marrow megakaryocytes. Furthermore,
in the cases less than lyear after birth (2 days,
24 days, 2 months, 3 months), the megakaryo-
cyte area were smaller than those of adults.
Fig. 2 shows the distribution of the area of
megakaryocytes of those from age 1 to 6 years
using as standard the distribution of the area
of adult marrow megakaryocytes. The mean
area of marrow megakaryocytes of cases older
than 1 year (1 year: 22.6+5.1cm? 3 years:
24.24-3.8cm?, 5 years: 22.3+4.7 cm? 6 years:
22.545.5cm?) shows no difference from that
of adults. As evident from Fig. 2, there were
many small megakaryocytes during the fetal
hematopoietic stage when compared to those
of infants less than 1 year of age. Both the
distribution of megakaryocyte area during the
fetal stage and the distribution of megakaryo-
cytes by area in infants less than 1 year of age
did not show a normal distribution. However,
the distribution of area of megakaryocytes of
the age of 1 to 6 years showed almost the same
tendency as that of adults. The distribution of
marrow megakaryocytes of infants and adults
both showed a normal distribution.

Table 3 shows the area ratio of nucleus to
cytoplasm of megakaryocytes. The area ratio
of the nucleus to the cytoplasm during the fetal
hematopoietic stage was 19.2%, whereas that

Table 3. Area ratio of nucleus to cytoplasm of
marrow megakaryocytes

Nucleus/Cytoplasm (%)

Fetus (Liver, Bone marrow) 19.2
Adult (Bone marrow) 20.1

in adults was 20.1%. The area ratio of the
nucleus to the cytoplasm in megakaryocytes
did not show any significant diffecence between
the fetal stage and the adult stage.

DISCUSSION

It has been reported that the appearance of
small megakaryocytes in various blood diseases
can be detected®810-12  We have also report-
ed previously that small megakaryocytes can
be observed in hepatic hematopoiesis of the
normal human fetus®. With regard to the
question whether the procedure of decalcification
has any effect on marrow megakaryocyte area,
we have already observed no difference between
in megakaryocyte diameter in clot section ob-
tained by aspiration of adult bone marrow
without the decalcification and in bone mar-
row tissue specimen following decalcification?.
Therefore, it is considered that after fixing with
formalin there is no large difference in cell size
with or without the decalcification. In comp-
aring the megakaryocyte area by fetal age, no
significant difference was observed in the liver
and bone marrow at the age of 5 and 7 months.
This indicates that no difference can be observed
by site of hematopoiesis in comparing the mean
area of megakaryocytes in the fetal stage.

In studying the changes in mean area of
megakaryocytes by fetal age, it was confirmed
that megakaryocytes increased in size from the
fetal age of 5 months to that of the fetal age
of 7 months and to that of the fetal age of 10
months and then the mean area of marrow
megakaryocytes at the age of 1 year after birth
reached a size almost identical to that of adults.
At the age of one year after birth the distribu-
tion of the area of marrow megakaryocytes also
showed no difference from that of adults.

The results in comparing the area ratio of
the nucleus to the cytoplasm of megakaryocytes
indicated that the nucleus of fetal megakaryo-
cytes is generally smaller than that of adult
marrow megakaryocytes. This finding suggests
that the size of the nucleus enlarges with in-
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crease in the area of megakaryocytes. Accord-
ing to Nakeff et al.?, with augment in nucleic
DNA volume the cell size increases and with
enlargement in nucleus size ploidy increases.
In estimating the distribution of megakaryocyte
ploidy obtained from the present study, during
the fetal stage and neonatal stage megakaryo-
cytes having fewer ploidy are more predominant
than in adults. At the age of one year after
birth, however, it is considered that ploidy
distribution of megakaryocytes becomes similar
to that of adult marrow megakaryocytes from
the age of one after birth.

Penington et al.® reported that adult mar-
row megakaryocytes mature until the stage of
the cytoplasmic disintegration and the nucleic
DNA volume at such time shows three levels,
that is, 8n, 16n and 32n. At each ploidy class
specific granules and demarcation membrane are
observed, respectively, Megakaryocytes with
16n ploidy are most predominant, occupying
67% of adult bone marrow megakaryocytes.
Harker® has also reported that megakaryocyte
volume is correlated to each class of ploidy.

We have previously reported by using the
electron microscopy that the imperfect formation
of demarcation membrane, the fewer distribution
of specific granules, and the differentiation asyn-
chronism of the nucleus and cytoplasm (the
poor formation of demarcation membrane with-
in the cytoplasm to compare the maturity and
the differentiation of nuclei) were seen predom-
inantly in the megakaryocytes of human fe-
tuses®. It is also considered that the functional
or morphological changes of megakaryocytes
may reflect the function or morphology of the
platelet.
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