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The haematopoietic development of the mammalian organism
is not terminated at birth. In the erythropoietic system several cellu-
lar parameters change: the foetal haemoglobin is gradually replaced
by adult haemoglobin (4) and furthermore depending on the particu-
lar species, membrane antigens (10), enzyme concentrations (8) and
other cellular constituents (8) may alter. In the leukopoietic system
full immunocompetence is not reached until some time after birth
(9).

An important question to be answered is how the changes in the
hematopoietic system are accomplished by the organism. Two basic
mechanisms are possible. Cell parameters may change either a)
because the cells of a given cell line are produced from day to day
with slightly altered parameters or b) because the organism first
produces cells with one set of cellular parameters and tﬁgn, from a
certain time on, new cells with a different set of parameters. The
cells of the first population are eliminated by the organism with time.
Until now it has been difficult to distinguish experimentally between
the two possiblities. In the following we show that in mammalian or-
ganisms, studied by us, the erythropoietic development after birth
is accomplished by means of the second mechanism. This conclusion
is mainly based on experimental data obtained from fast flow cyto-
meters. Flow cytometers allow the measurement of volume, fluores-
cence or light scatter signals from cells at rates of 1000-2000 cells/
sec (5). Large and representative samples can be measured in a
short time, comparatively few cells are needed and the data can be
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efficiently processed by computers. The measurements reported here
were made with the electrical cell sizing instrument Metricell (7)
‘which has recently been developed in our department. The volume
distribution curves of the erythrocytes were analysed with a special
computer program (13).°

The starting point of our experiments was the observation that
the volume distributions curves of the circulating erythrocytes of
several mammals change significantly during postnatal development
(17,15, 13, 12). The erythrocytes of the rat, for example, are greater
immediately after birth than in the adult animal. Furthermore the
volume distribution curves of the erythrocytes during the first two
months of life show two and sometimes three volume peaks. This in-
dicates the presence of several erythrocyte populations each with
different mean volume. A total of five populations of erythrocytes are
cbserved in the rat during the first three months of life (Fig. 1a), the
fifth population is the definitive one during adult life. An additional
erythrocyte population M with a large volume can be induced in
adult animals during precipitated erythropoiesis after whole body
X-irradiation (16) or after bleeding (11). The large erythrocyte popu-
lation M disappears gradually from the circulation. Until its disapp-
earance, it remains a separate entity which does not merge with the
normally sized erythrccyte population. '

The number of erythrocyte populations varies in different
mammalian species: three populations were found in the mouse,
rabbit (Fig. 1b), sheep (Fig. 1c) and goat and only two in the guinea
pig (Fig. 1d).

It is important to realise that the erythrocyte populstions vary
in a number of parameters besides that of volume. Depending on the
.:animal species these can be the electrophoretic mobility (12, 14), the
antigen pattern on the cell membrane, the sodium and potassium
pumps of the cell membrane, the intracellular Na/K concentration
(12) and the haemoglobin type. For example in the sheep haemoglob-
in F (Fig. 2) is located in erythrocyte population I (Fig. 1¢) and
haemoglobin AB (Fig. 2) in population II and III (Fig. 1c). In addition
it is likely that haemoglobin C, if present, is located in the population
II erythrocytes (12). The different erythrocyte populations in sheep
«do not transform into each other by volume changes (12). The loca-
tion of different types of haemoglobin in specific erythrocyte popula-
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Fig. 1. Development of the erythrocyte volume populations in the peripheral
blood of the rat (a), rabbit (b), sheep (¢) and guinea pig (d). The dashed
line curves show the measured curves and the solid line curves were
calculated byvlinear interpolation in order to increase the three dimensional
impression of the plot. The erythrocyte populations appear and disappear
in all animals in a continuous development until finaly one erythrocyte
population remains in the adult animal.
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tions (Fig. 2) is a further proof of non-transformation of the peri-
pheral erythrocytes. It thus seems unlikely that peripheral trans-
formation is the general mechanism for the formation of the different
ertythrocyte populations.

14 pAYS oLD

14 pays popr, ]

r.J—‘
‘ “ ’ NEWBORN SHEEP

14 pavs pop.]1I

’ ADULT SHEEP

Fig. 2. Isoelectric focusing of fresh sheep erythrocyte lysates from a newborn,
a 14 day old and an adult sheep. Haemoglobin F(HbF) is located in the
population I erythrocytes (Fig. 1c¢) and haemoglobin AB (HbAB) in the
population II erythrocytes. Population 1 and II were. separated from each
other by centrifugal elutriation (elutriator centrifuge, Beckman Co,
Fullerton, California) of blood from the 14 day ocld sheep (11).
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It is also of interest to consider the relationship between the
different sites of erythrocyte production and the different populations.
We believe in the rat that the first two populations are produced
by the liver. The populations after birth are simultaneously produced
by both the spleen and the bone marrow. This is shown by the fact
that surgical removement of the spleen immediately after birth does
not change the total number of populations although the kinetics are
altered (8). According to preliminary cxperiments only population
IV and V (Fig. 1a) seem to be erythropoietin sensitive (11).

The leukopoietic system is also affected by the changes in the
erythropoietic system. The peripheral leukocyte counts in the rat are
significantly decreased from day 1-27 after birth during the time of
the sequential appearence and disappearence of the erythrocyte
populations. The differential counts of the blood leukocytes, the mean
volume and the volume distribution curves of the bone marrow and
spleen cells and of the peripheral leukocytes also change synchron-
ously with the appearance of the new erythrocyte populations (110).
All observations indicate that during the ‘maturation of the haema-
topoietic system sudden changes occur in the haematopoietic differ-
entiation. These changes concern, at least in the erythropoietic system,
several basic cell parameters which are mostly independent from
each other. Since both the erythropoietic and the leukopoietic system
are affected we believe that the changes of differentiation are initiated
at the stem cell level.

Two possible ways for the realization of different gene activation
patterns are indicated in Fig. 3. In model A one stem cell is capable
of realizing different production programs, each with a-different set
of parameters for the final cells. In model B several stem cells are
drawn, each of the realisihg a separate production program. The
change from one program to another would be effected in both cases
by extra-and/or intracellular signals. Both models could explain the
production of different erythrocyte populations with their characteri-
stic parameter patterns as shown, for example, in the sheep (Fig. 3).

We see a particular interest in a more detailed exploration of the
above phenomena, because sudden changes of the haematopoietic
differentiation in later life may induce severe disease. The causal
therapy of such diseases is difficult since the knowledge of the me-
chanisms .which change the haematopoietic differentiation is still

— 106 —



HAEMATOPCIETIC STEM CELL DIFFERENTIATION

Extra- or
intracellular signals X I I

7 o7 > S D ModelB

/
—one or several precursor
. . N
-~ cells with different ~
. —production programs- . __{

Resulting p.. ipheral CD ; @ @

Erythrocyte populations

Volume Population I I m
Electrophoretic Mobility | low intermediate high
L,M antigen expression low low high
[K*]c high intermediate low
Hemoglobin HbF HbC, HbA HbA,HbC

Fig. 3. Hypothetical concep: of the formation of the different erythrocyte popula-
tions in“'the young sheep. Extra-and/or intracellular signals act on one
(model A) or several (model B) haematopoietic stem cells. According to
the signal, a different erythrocyte population is produced. Each erythrocyte
population is characterised by a particular set of cellular parameters.

incomplete. One of the reasons for this is the lack of convenient
model systems in which changes of differentiation can be studied.
Physiological changes of differentiation occur normally in the em-
bryonic organism. These mechanisms can, however, only be studied
with great difficulty due to the maccessablhty of embryos and to the
continuous influence of the maternal organism. Since the changes of
differentiation described here are postnatal, the are easier to study.
We hope that the different cell parameters investigated so far will
facilitate the future study of the regulatory circuits which induce
changes of differentiation. It could be that in disease such regulatory
circuits are interrupted or deviated at specific locations.

Another interesting aspect of the sudden changes of differen-
tiation is that they are present in all mammalian species studied so
far. The changes of the differentiation are probably necessary for

— 107 —



VALET, G., HANSER, G.and RUHENSTROTH-BAUER, G.

the normal development of the organism although the exact reason
for the formation of different erythrocyte populations is not evident
at present. It seems likely that they are the expression of a normal
developmental stage in all mammalian species. The F-cell population
in humans (2) may also be a developmental erythrocyte population
similar to those described for animals.

This stepwise development of the haematopoietic system may not
be confined to mammals. For example discrete erythrocyte populations
with different membrane antigens have recently been described during
posf;natal ‘development of the chicken (1) and population with differ-
ent haemoglobins have also been described in the tadpole (3). The
developmental kinetics of the erythrocyte population EA of the chick-
en is very similar to that of population II of the sheep, goat and
rabbit. Further research is neoded in this area especially to under-
stand the signals which cause the physiological changes of differentia-
tion in postnatal development.

SUMMARY

Several erythrocyte populations of different mean volume are
observed in the blood of the rat, mouse, guinea pig, sheep, rabbit
and goat during the first three months of life. The populations appear
and disappear gradually until finally one erythrocyte volume popula-
tion remains in the adult animal. As well as having different mean
volumes the erythrocyte populations may also vary in their electro-
phoretic mobility, their antigenic properties, their intracellular Na®-
and K+-concentration, and their haemoglobin type. The populations
arise as a result of multiparameter changes in the haematopoietic
differentiation. The leukopoietic system is also affected. It is proposed
as a hypothesis that extra-and/or intraceilular signals act on one or
several different haematopoietic stem cells. The signals switch differ-
ent production programs on or off. As a result new cell populations
in the various cell lines are produced. They replace their prede-
cessors gradually and differ from them in gseveral parameters.
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