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Abstract

1. For the purpose to clarify the role of reticuloendothelial cells in the center of erythroblastic
islet, the medullary and extramedullary erythropoietic foci in convalescence of phenylhydrazine
arternia were observed by light and electron microscopies, and the mode of development of anemia
in rabbit having blocked RES. 2. Light microscopic observations revealed the stimulated formation
of erythroblastic islet in phenylhydrazine anemia. Electron microscopic observations revealed
the rhopheocytotic vesicles in the membrane of erythroblast, some of which contained ferritin
particles. 3. Repeated India ink injections induced anemia with RES damage by being heavily
laden with soot particles. Color index of these animals was not reduced to the state of hypochromic
anemia. Anemia is due to the damage of erythroidcell reproduction, but not due to the disturbed
hemoglobin metabolism by the inhibited iron uptake. 4. From the results obtained the author
concludes that the role of reticuloendothelial cell in islet is not to transfer ferritin to erythroblast
but the reproduction of erythroid cells.

*PMID: 4223083 [PubMed - indexed for MEDLINE] Copyright © OKAYAMA UNIVERSITY
MEDICAL SCHOOL
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In the previous paper’, the author demonstrated that the disintegration of
reticuloendothelial system (RES) resulted in the release of bone-marrow cells
into the circulating blood and the subsequent suppression of the function of re-
ticuloendothelial (RE) cells inhibited the recovery of hematopoiesis. The results
showed that hematopoiesis was supported by the healthy function of RE cells.
This is true in the case of extramedullary hematopoiesis in liver, spleen and
lymph nodes as well as in the case of bone-marrow hematopoiesis. Concerning
the role of RES in hematopoiesis, BEessis*** mentioned that the role of RE cells
in erythropoiesis was to supply iron to erythroblasts in the form of ferritin. Of
course, other nutritional substances may be given to erythroblasts by rhopheo-
cytosis as well as iron. But it is not definitely proven that the essential role of
RES in erythropoiesis is to supply the nutritional substances. For the purpose
to clarify the role of RES in erythropoiesis, the author observed first the islet
formation in anemic rabbit by light and electron microscopes and then hemo-
globin formation in anemia induced by RES damage. In this paper, it is reported
that the essential function of RES in hematopoiesis is to give some information
to the stem cell for the differentiation of erythroid cells, but not to supply iron
to erythroblast.

MATERIALS AND METHODS

Normal seven male rabbits weighing 2.5—3.0kg were used. Five of them
received the injections of 2.5 % HCl-phenylhydrazine, 1.5¢cc subcutaneously daily
for four times respectively. Of these animals, daily changes of red cell number,
hemoglobin content and the percentage of nucleated cell species in the circulating
blood were investigated. One to two days after the maximum level of anemia,
the rabbits were killed by head contusion. Bone marrow, liver and spleen were
obtained. Cut surface of each organ was imprinted on glass slides, fixed with
methano] and then stained with Giemsa solution. Tissues were fixed with 10 %
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formol in 0.25 M sucrose solution, or 6% glutaraldehyde in 0.1 M phosphate
buffer (pH, 7.4) for light microscopy. These materials were dehydrated, em-
bedded in paraffin, sectioned and stained with hematoxylin-eosin by routine
method and some of them by Berlin blue reaction. For electron IMicroscopy,
small tissue blocks about 0.5 mm in size obtained from tissues fixed with the
glutaraldehyde solution for thirty minutes were refixed with 1% osmium tetra-
oxide solution®, or 3% KMnO, solution in veronal buffer (pH, 7.2—7.4) for
thirty minutes to one hour. They were dehydrated, embedded in Epon’, sec-
tioned in thickness of 400—500A by ultramicrotome (Porter-Blum type) and
counter-stained with 5 9% uranyl acetate in 70 % ethanol.

Another two rabbits received the intravenous injection of India ink, (Fueki-
Bokuju), 6cc mixed 20cc saline solution per animal, daily for nine to ten
weeks. Red cell count and hemoglobin level of the circulating blood were ob-
served at certain intervals. At the termination of experiment they were sacri-
ficed by head contusion, and bone marrow, liver and spleen were fixed, sectioned
and stained with hematoxylin-eosin by the routine method for light microscopy.

OBSERVATIONS AND RESULTS

By the repeated injection of phenylhydrazine, red cell count decreased day
by day and after four injections it reached the level less than one third of the
original. Reticulocytes increased occupying 60—70 % of whole red cells and
considerable numbers of orthochromatic and polychromatic erythroblasts ap-
peared in the circulating blood (Fig. 1).

Light microscopic observations on each of tissues revealed erythroid
marrow, and extramedullary erythropoietic foci in liver and spleen. In bone
marrow, well developed erythropoietic foci surrounded by sinusoid were found.
They increased both in size and number. Each of foci was composed of one or
two reticulum cells surrounded by erythroblasts in various differentiation stages.
The reticulum cells were swollen by phagocytizing hemosiderin which is stained
blue by Perl’s reacton (Figs. 3, 4, 5, 12). The finding to be stressed here, is
that the younger erythroblasts, large in size, are found in the central area of
islet, in a close contact with the reticulum cell, and the rather differentiated
ones are situated in the peripheral area of islet just near the sinusoid which is
filled with mature red cells. On the imprinted preparation of bone marrow, re-
ticulum cells appeared frequently being surrounded by several to many erythro-
blasts in various maturation stages. Spleen, which was moderately swollen and
dark reddish, contained a large number of erythroblasts. They were found in
the sinusoids of red pulp, forming a mass or masses and in some marked groups
a reticulum cell was found, showing the formation of erythroblastic islet (Figs.
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Fig. 1 Changes in number of red blood cells (RBC), reticulocytes (RC) and erythroblasts
and in hemoglobin content (Hb) in the circulating blood of phenylhydrazine-induced

anemic rabbit for two weeks. Arrows (}) show injection of 2.5% HCl-phenylhy-
drazine 1.5 cc subcutaneously.

9, 10, 11, 13). In the area surrounding lymph follicles and blood vessels, the
massed colonies of myeloid cells were found. On the imprinted preparation
erythroid islets were observed as in the case of bone marrow. Liver, which
looked normal macroscopically, showed some sinusoids which were extended
and contained groups of erythroblasts surrounding Kupffer cells (Figs. 6, 7, 14).
This finding was distinctly observed on the imprinted preparation (Fig. 8). There
were no signs of parenchymal injury, but Kupffer cells contained hemosiderin.

Electron microscopic picture showed clearly the relation of reticulum cells
and erythroblasts in erythroblastic islet. Almost the identical pictures were
observed in bone marrow, liver and spleen. The cell membrane of reticulum
cell in a close contact with that of erythrobasts. Observing precisely, almost
all erythroblasts seemed to have contact surface with reticulum cell. Among the
cellular spaces of erythroblasts there exists an elongated cytoplasm of the re-
ticulum cell and both cytoplasmic membranes made close contact. Most of the
nuclei of the reticulum cell appeared round or oval in shape and chromatin
network was relatively coarse. Their abundant cytoplasm contained a variety of
substances, i.e. erythrocyte fragment, dense masses in lysosomes, hemosiderin
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and ferritin, and ferritin molecules scattered diffusely in cytoplasm. Erythro-
blasts appear to be round having round nuclei, and according to the advance of
their differentiation stage, they reduce cell size and nuclear size as well, and
chromatin network of the nucleus becomes denser with the increase in electron
density of their cytoplasm. As Bessis pointed, small engulfment of cytoplasmic
membrane of erythroblast, rhopheocytotic vesicles, can clearly be seen. They
contain cytoplasmic contents of reticulum cell and sometimes with ferritin mole-
cules. The wall of rhopheocytotic vesicles appears electron dense and thickened.
The picture of the section fixed with KMnO,, where the membrane systems are
distinct, shows clearly ferritin particles in the cytoplasm of erythroblasts to be
all inside the vesicular membrane system, which seemed to have developed from
rhopheocytotic vesicles (Figs. 15—24).

Observations on anemic rabbits induced by the repeated intravenous injec-
tions of India ink for a long period of time, nine to ten weeks developed severe
anemia. Red cell count reached half or less of the original level and hemo-
globin contents were also reduced markedly. But the color index which means
hemoglobin content per cell, remained around 1 or higher (Fig. 2), showing
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Fig. 2 Changes in number of red blood cells (RBC) and in hemoglobin content (Hb) and
color index (C.L) in the circulating blood of the®two anemic rabbits induced by
the repeated intravenous injections of India ink for a long time.

that there is not any disturbance in hemoglobin formation. Microscopic observa-
tions of bone marrow, liver and spleen showed faded erythropoiesis with RE
cells heavily loaded with India ink particles (Figs. 25, 26, 27).
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DISCUSSION

For a long time, it has been recognized that in the hematopoietic focus,
especially erythropoietic one in bone marrow, there is a unit of erythropoiesis, in
which a group of erythroblasts surrounding a reticulum cell called “erythro-
blastic islet”. By the use of electron microscope, Bessis and coworkers®®*
stressed that in erythroblastic islet erythroblasts took up iron from reticulum cell,
demonstrating that ferritin molecules were transferred directly from reticulum
cell to erythroblasts by the rhopheocytotic mechanism. Thus a new process in
iron metabolism was proposed against the past opinions that iron as the type of
transferrin in serum was transferred to erythrons®**™, But it is still problema-
tical whether or not this way of iron uptake is the main pathway of iron to
erythroblast, and another question is that the iron supply to erythroid cell would
be the only one function of the RE cell situated in the islet. The observations
on convalescent stage of phenylhydrazine anemia, in which the formation of
erythroblastic islet is stimulated, may be advantageous for the analysis of iron
uptake mechanism of erythroblast. And the experiment of RES blockade, where
the functions of RES are paralysed, may give some informations for the present
question.

Electron microscopic observations proved that ferritin molecules are trans-
ferred from reticulum cells to erythroblasts by the rhopheocytotic mechanism of
Bessis. By phenylhydrazine injection reticulum cells phagocytize injured red cells
very actively and they contain much of ferritin. But rhopheocytotic vesicles found
in normal animal rarely contain ferritin. Reticulocytes synthesize hemoglobin®*
and take up iron®** without the aid of reticulum cells. Therefore, there seems
to be 2 way of iron uptake for erythroblast other than by rhopheocytosis. Re-
peated India ink injections result in the blocking of RE-cell function and in
severe anemia finally. In this case the color index remained almost unchanged,
nearly 1 or higher. This fact means that RES damage induces a suppressed
erythroid cell proliferation but not hemoglobin formation, that is, the damaged
function of RES has no effect on the iron metabolism of erythroid cells. Increase
in color index in final severe stage of anemia will mean the denucleation in an
early differentiation stage of erythroblast as precisely studied by SENO and colla-
borators”. All these facts clearly show that the ferritin molecules found in the
rhopheocytotic vesicle are nothing but an incidental phenomenon, not showing
any important pathway of iron transfer from RES to erythroblast.

An important thing is the suppression of erythroid proliferation and this
seems to be closely correlated to the main function of reticulum cell in erythro-
blastic islet. It is obvious that erythroid proliferation is supported by the increase
in proerythrblasts, which will be the first step of erythroid-cell differentiation from
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the stem cell. In tissue culture of bone-marrow cells, the young erythroblast can
mature to more differentiated stage, but the proliferation of proerythroblast
does never occur'®*¥®  Thjs fact also shows that the structural configuration
of erythroblastic islet is important for the proliferation of proerythroblast and the
RE cell may pull the trigger for proliferation of stem cells and their differentia-
tion to proerythroblast. The cellular arrangement in the islet supports this view.
As pointed out in the foregoing, young undifferentiated erythroblasts or stem
cells are found in close contact with reticulum cell in the central part of islet and

more matured cells appear in the outskirt area of islet being isolated from the
reticulum cell.

SUMMARY

1. For the purpose to clarify the role of reticuloendothelial cells in the center
of erythroblastic islet, the medullary and extramedullary erythropoietic foci in
convalescence of phenylhydrazine anemia were observed by light and electron
microscopies, and the mode of development of anemia in rabbit having blocked

2. Light microscopic observations revealed the stimulated formation of ery-
throblastic islet in phenylhydrazine anemia. Electron microscopic observations
revealed the rhopheocytotic vesicles in the membrane of erythroblast, some of
which contained ferritin particles.

3. Repeated India ink injections induced anemia with RES damage by being
heavily laden with soot particles. Color index of these animals was not reduced
to the state of hypochromic anemia. Anemia is due to the damage of erythroid-
cell reproduction, but not due to the disturbed hemoglobin metabolism by the
inhibited iron uptake.

4. From the results obtained the author concludes that the role of reticulo-
endothelial cell in islet is not to transfer ferritin to erythroblast but the reproduc-
tion of erythroid cells.
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EXPLANATIONS

3 Section of bone marrow, showing very active erythropoiesis in the anemic rabbit in-
duced by phenylhydrazine injection. X130

4 Higher magnification of the above, distinctly illustrating erythroblastic islets. x 400

5 The still higher magnification of Fig. 3, showing the detail of erythroblastic islet. In the
center of the islet there exist a reticulum cell and a relatively large sized erythroblast,
suggestive of younger one being in contact with it. In peripheral area, small sized
erythroblasts, suggestive of being more mature, are observed. x1,300

6 Section through the liver of the same material as the above, showing extramedullary
erythropoiesis. Parenchymal cells are almost normal. X120

7 Higher magnification of Fig. 6, illustrating erythroblastic islets. X400

8 The imprinted preparation of the same liver, showing the islet separately. In the
center of the picture there is a Kupffer cell containing hemosiderin and other substances,
and many erythroblasts are massively in contact with it. X 1,000
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Fig. 9 Section through the spleen of the same material, showing many erythroblasts in the
sinusoids of red pulp. X120

Fig. 10 Higher magnification of Fig. 9, illustrating the erythroblastic islet in the sinusoid.
X470

Fig. 11 The still higher magnification of the islet of the spleen, showing the identical picture
of liver and bone marrow. % 1,300

Figs. 12, 13, 14 Berlin blue reaction of the sections through bone marrow, liver and spleen,
showing the reticulum cell in the islet positively stained. X600
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Figs. 15-24 Electron microscopic pictures.

Fig. 15 Bone marrow of anemic rabbit induced by phenylydrazine. In the center of the picture

reticulum cell is observed. X 6,500

Fig. 16 Erythroblastic islet in bone marrow of the same material. Reticulum cell (RES) phago-

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

17

18

19

20

21

22

23

24

cytizes electron dense materials. Erythroblasts are in a close contact with the former.
X 7,500 )

Erythroblastic islet in spleen of the same animal. Completely identical picture is
observed in bone marrow as well. Xx6,500

Higher magnification illustrating the contact of reticulum cell (RES) with erythroblast
(Erb). Pinocytotic vesicles (p) are seen in the cytoplasmic surface of erythroblast and
reticulum cell. n: nucleus, m: mitochondria of the erythroblast. x 30,000
Pinocytotic or rhopheocytotic vesicles (p) of the erythroblast are illustrated. X 50,000
Higher magnification of rhopheocytotic vesicles (p), showing ferritin molecules (f) in the
vesicle and intercellular space. X 115,000

Erythroblast in the islet of spleen, showing many aggregated ferritin particles in the
cytoplasm. X 30,000

Higher magnification of the above, illustrating ferritin particles (f) containing vesicular
structure, so-called siderosome in the cytoplasm. x 115,000

Section of the islet in bone marrow fixed with KMnOy, showing relation between re-
ticulum cell (RES) and erythroblasts (Erb) and ferritin particles (f) in the membrane
system of the cytoplasm of erythroblast. n: nucleus, m: mitochondria. X 55,000
Another section of the same material as in Fig. 23. 35,000
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Fig. 256 Section through bone marrow of
RES-blocked rabbit, showing RE cells
heavily laden with India ink particles.
Hematopoietic structure is severely des-
troyed. X150

Fig. 26 Section through liver of the same,
animal as the above. Kupffer cells are
predominantly swollen by phagocytizing
many carbon particles. X470

Fig. 27 Section through spleen of the same
animal. Reticulum cells show an iden-
tical picture as bone marrow and spleen.
In sinusoid of red pulp, some bone-
marrow cells are dispersed. X470
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