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Summary. The authors investigated hemopoietic stem
cells in human embryonic and fetal liver. Pluripotent
hemopoietic stem cells in the human embryonic liver
were found to originate from the mesenchymal cells
among the hepatocytes, and change their features with
the development of the embryo. Ultrastructurally,
these presumptive hemopoietic stem cells were classified
into four subgroups (Types I-IV). Cells of Type I and
Type II were large blastic cells resembling myeloblasts.
Erythrocytic, megakaryocytic and granulocytic cell
were derived from the presumptive hemopoietic stem
Type II cells during the early stage of hepatic hemo
poietis. On the other hand, Type IV cells were similar to
small lymphocytes. Lymphocytes, together with the
granulocytic, megakaryocytic and erythrocytic series,
differentiated from the presumptive hemopoietic Type
IV stem cells during the late stage of hepatic hemo
poiesis. The presumptive hemopoietic Type IV stem cells
migrated into the bone marrow.

The relationship between immature hemopoietic cells
and hemopoietic stromal cells seems to play an impor
tant role in the maturation of hemopoietic cells.

There has been much debate concerning the develop
ment of the human blood stem cell, and its mor
phological features as well have remained unclear.
This paper reviews recent findings on the human
blood stem cell, primarily those obtained by our own
research group.

Hemopoiesis first appears in the yolk sac, then
shifts to the liver and finally to the bone marrow.
Erythroblasts from the yolk sac are large in size and
synthesize hemoglobin (Hb) Gower 1 and Gower 2.
During the early stage of hepatic hemopoiesis, hepatic
erythroblasts synthesize Hb-F. In other words, ery
throid progenitor cells in the yolk sac differ from
hepatic erythroid progenitor cells and synthesize
different kinds of Hb. With the development of fetuses,
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however, Hb-A increases in volume. The switching
mechanism from Hb-F to Hb-A is obscure. Dieterlen
Lievre and associates proved that the hepatic hemo
poietic stem cell originated from liver tissue, and did
not migrate from the yolk sac. l

) On the contrary,
hemopoietic stem cells found in the liver migrate into
the bone marrow. 2

)

Therefore hepatic hemopoiesis and the relation
between hepatic hemopoiesis and bone marrow hemo
poiesis is of critical importance for the understanding
of human hemopoiesis. Moreover, it is proposed that
cell to cell interaction (hemopoietic inductive micro
environment: HIM) is necessary for the differentiation
of hemopoietic stem cells. 3

-
6

) Therefore, evidence for
this proposal was also pursued.

Materials and methods

Over 350 human embryonic and fetal livers were
obtained through legal abortion. The youngest em
bryo was estimated as being at 28 days of gestation.

All materials were studied using light, electron,
and immuno-electron microscopical methods to clari
fy the features of immature granulocytic, eryth
rocytic and megakaryocytic cells (Table 1). The
ultrastructures of presumptive hemopoietic stem
cells were surmised from those of the most immature
cells of the granulocytic, megakaryocytic and eryth
rocytic series.

Liver hematopoesis

The epithelial cells of the hepatic diverticulum
penetrated the mesenchymal tissue of the septum
transversum and underwent frequent mitosis to form
the liver. Within the first month, only mature erythro
cytes derived from the yolk sac were recognized in
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Fig. 1. Presumptive hemopoietic stem cell, Type 1. X 10,000. 33rd day in embryonic liver. Large in size,
many single ribosomes, euchromatin and small nucleolus.

Fig. 2. Presumptive hemopoietic stem cell, Type II. x 10,000. 33rd day in embryonic liver. Large in size, few
single ribosome, increaseed polyribosome, euchromatin with large nucleolus.
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Fig. 3. Presumptive hemopoietic stem cell, Type III. X 10,000. 48th day around the ductus venosum in the
embryonic liver.

Fig. 4. Presumptive hemopoietic stem cell, Type III. x 7,500. 50th day around the ductus venosum in
embryonic liver.
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Fig. 5. Presumptive hemopoietic stem cell, Type III. x 7,500. 48th day around the ductus venosum in
embryonic liver.

Fig. 6. Presumptive hemopoietic stem cell, Type IV. x 11,000. 45th day in embryonic liver. Note small
lymphoid appearance showing heterochromatin in nucleus with few nucleolus.



the blood vessels of the liver. A few undifferentiated
blasts (presumptive hemopoietic stem cell Type I:
Fig. 1) first appeared among the hepatocytes on the
33rd day following ovulation.7)

During the following week, both erythropoesis and
megakaryopoesis were established in the hepatic
parenchyma. Granulopoiesis developed among the
reticular cells around the ductus venosus at the 40th
day after ovulation. Later, active granulopoesis also
developed in the Glisson's sheath. Neither erythro
poiesis nor megakaryopoesis developed in Glisson's
sheath or in the mesenchymal tissue around the
ductus venosus. 7

-
13)

In the liver, B lymphocytes began to appear from
the 60th fetal day and T-Iymphocytes appeared from
the 75th fetal day.14)

Bone marrow hematopoesis

Bone marrow hemopoiesis first appeared in the femur
during the lIth week after ovulation. A small
calcified focus appeared at the center of the cartilagi
nous rudiments of the vertebrae, and at 14 weeks of
fetal age, hemopoiesis began in the vertebrae. At the
initial stage of the bone marrow hematopoiesis, only
granulocytic cells and a small number of megakaryo
cytic cells existed in the bone marrow.

Erythropoesis was established three weeks later.
Hemopoietic stem cells then migrated into the bone
marrow, probably from the liver. 15)

Hematopoietic stem cell

After the experimental study by Till and McCullochl6
)

(1961), it was proved that blood cells of all lineages

Table 1. Markers for Each Blast (EM)

Megakaryocytes
Cytoplasmic projection10)
Demarcation membrane systemI0)
Specific granule lO)
Platelete peroxidasel8)
anti glycoprotein lIb lIla antibodyI8,20)
anti platelet antibody (for immunoelectron micro

scope)18)

Erythrocytes
Desmosome-like structureI2)
EP1, EP2 (Erythroid progenitor antigen 1, 2)2!)

Granulocytes
Specific granule7,!I)
Myeloperoxidase 10)
Leu M1 for immunoelectronmicroscopel 9

)
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are derived from a multipotential blood stem cell.
The ultrastructure of the candidate multipotential
hematopoietic stem cells in the bone marrow resem
ble small or medium sized lymphocytes. We examin
ed the liver, spleen and bone marrow using electron
microscopy to clarify the ultrastructure of immature
cells of granulocytic, erythrocytic and megakaryo
cytic lineages.

Censequently, we were able to trace the smooth
morphological transition from mature to immature
cells in each cell lineage. During the early stage of
hepatic hematopoiesis (until the 40th fetal day), the
most immature cells of all the cell lineages resembled
myeloblasts; these cells were regarded to have origi
nated from presumptive hemopoietic Type II stem
cells (Fig. 2).

After the 40th day, however, the immature cells of
the three hemopoietic series resembling small lym
phocytes were found in the liver. These cells were
considered to be the derivatives of the presumptive
hemopoietic Type IV stem cell (Fig. 6). The presump
tive hemopoietic Type III stem cell was the transi
tional form between the presumptive hemopoietic
Type II stem cell and that of Type IV (Figs. 3, 4, 5).
Finally the authors classified the presumptive hemo
poietic stem cell into four subgroups (presumptive
hemopoietic stem cells Types I, II, III and IV).12,15)
The schematic diagram of the blood cell lineages is
shown in Tables 2 and 3. The charactrerictics of
these presumptive hemopoietic stem cells are listed
in Table 4.

Hepatopoietic inductive microenvironment (HIM)

In the embryonic and fetal liver, the relation between
immature hemopoietic cells and hemopoietic stromal
cells was observed. 13,17)

a) Erythrocytic cells

A close relationship is recognized between erythro
poiesis and liver cell maturation. Erythropoiesis develo
ped only among mature hepatocytes. Ultrastructural
ly, immature erythrocytic cells were invaginated in
the cytoplasm of hepatocytes, and desmosome-like
structures were found between the hepatocytes and
erythrocytic cells. Furthermore, slender projections
of the hepatocytes were extended into the erythro
cytic cells and a pinocytotic pit was formed on the
cell membrane of the latter cells. 12)

b) Megakaryocytic cells

Immature megakaryocytic cells were frequently
encircled by cytoplasmic projections of reticular cells,
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Table 2. Ontogeny of human hemopoietic stem cells and differentiation of blood cells.

~ Blood Stem Cells in Liver Parenchyma

~.~®:: .IV :: : :: •••

30 <10 so GO 70 Ages(Day)

60 70--
Ages(Day)

.............••.• :::: E :: :~ ••

i :;;;:M::D~·-

Megakaryopoiesis in Liver Parenchyma

so

Blood Stem Cells around Ductus Venosus~

~
~__-_""",-,""""""-;-;-;-~:-;:-:7,
~""""""""""IV::::::"

4030

30 40 SO 60 70
Ages(Day)

~ranulOPOieSis around Ductus Venosus

~
.···· · ;::::::G:::::: ..

30 <10 50 GO 70
Ages(Oay)

Lymphocyte Development in Liver

........... :;B;::J~~
·......C~

JO <10 50 60 70 Ages(Oay)

:;E:: Erythropoiesis originated from presumptive hemopoietic stem cell type II

::M:: Megakaryopoiesis originated from presumptive hemopoietic stem cell type II

::G:: Granulopoiesis originated from presumpitve hemopoietic stem cell type II

......
::~:: Erythropoiesis originated from presumptive hemopoietic stem cell type IV

......
::~:: Megakaryopoiesis originated from presumptive hemopoietic stem cell type IV

::G:: Granulopoiesis originated from presumptive hemopoietic stem cell type IV

: : T :: T-Iymphocytes originated from presumptive hemopoietic stem cell type IV

......
:: B :: B-Iymphocytes originated from presumptive hemopoietic stem cell type IV......

I Presumptiv.e hemopoietic stem cell type I.

I Presumptive hemopoietic stem cell type II.

III Presumptive hemopoietic stem cell type III.

IV Presumptive hemopoietic stem cell type IV.
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I
Lymph.

Meg. Blast

I

Table 3. Remopietic stem cells and differentiation of blood cells.
Plat. Ery. Plat. Ery.

I I 1 1
Pro. Ery. Blast Meg. Blast Pro. Ery. Blast

1 I 1
Meg.V Pro. C. Meg. V Pro. C.

.. 11 ------l__ III ------l__ IV -------l--Bone marrow

1 ~
Mye. Pro. C. Mye. Pro. C.

Mye.1Jasl Mye.1Jasl I
I j

Neut. Neut.

-I
Undifferentiated
Mesenchymal cells
Septum transver.

Early stage of hepatic hemopoiesis Late stage of hepatic hemopoiesis

Table 4. Morphological characteristics of hemoietic stem cells

F.R.S.C. Type I F.R.S.C. Type II F.R.S.C. Type III F.R.S.C. TypelV

Cells size 9-11 9-15 13-7 6-8
F-ribosome few many many---+ few few
S-ribosome few few few few
Chromatin euchromatin euchromatin eu---+ hetero heterochromatin
Nucleolus large large large---.. small small

P.H.S.C.: presumptive hemopoietic stem cells
P-ribosome: polyribosome, S-ribosome: single ribosome
eu: euchromatin. hetero: heterochromatin

L: Liver cell, R: Reticular cell
E: Erythroblast, D: Desmo2one like structure
R: Granulocytic cell, M: Macrophage
Meg: Megakaryocytic cell

0se
QiJ@;)~R

Granulocytic
series

Erythroblastic
island

Erythrocytic
series

Megakaryocytic
series

while reticular cells in small clusters of immature
megakaryocytic cells extended their cytoplasmic
projections among the megakaryocytic cells. 10

) There
were no desmosome-like structures between the
reticular cells and megakaryocytes.

c) Granulocytic cells
At the beginning of fetal liver hematopoiesis, granulo
poiesis appeared around the ductus venosus. After
the development of the Glisson's sheath, granulo
poiesis was also observed there. Surprisingly, neither
erythropoiesis nor megakaryopoesis was found in the
Glisson's sheath or around the ductus venosum. We
were able to indentify the cytoplasmic projections of
reticular cells covering the immature granulocytes
and stretching their cytoplasm to each immature
granulocyte. 8

,16) There was no attachment between
reticular cells and immature granulocytes.

The relationship between hemopoietic cells and
hemopoietic stromal cells is shown schematically in
Fig. 7. On the basis of our findings, we would like to

Fig. 7. Schmatic drawings of hemoietic
inductive microenvironment.
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point out that cell to cell interaction plays an impor
tant role in the differentiation of hemopoietic cells.
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