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A Morphological and Immunohistochemical Study on the Relationship
between Central Macrophages of Erythroblastic Islands and Sinusoidal
Macrophages in the Mouse Fetal and Neonatal Liver

Yuji SONODA
To clarify the relationship between fetal macrophages in hematopoietic liver and resident

macrophages, Kupffer cells, in the sinusoids of postnatal livers, an immunohistochemical study with

rat anti-mouse macrophage monoclonal antibody F4/80 and histochemical staining for iron as well

JNIGERFARZF s Department of Anatomy, Kawasaki Medical School : 577
T701-0192 EHEMHREST7 Matsushima, Kurashiki, Okayama, 701-0192 Japan
E-mail address : ysonoda@med.kawasaki-m.ac.jp



146 Nl BE 22 & G

as electron microscopic observations were carried out. There was a rapid increase in the number of
F4/80-positive cells per unit area (1 mm?) from 11 days of gestation, but then there was a
significant decrease between 4 and 13 days after birth (p<<0.01). At 11 days of gestation, liver
anlages contained a few F4/80-positive cells in primitive sinusoidal lumina. The macrophages
showed active phagocytosis as scavengers, and contained Fe-positive phagosomes. In the livers at
13 days of gestation, F4/80-positive cells were identified among hepatic cell cords as central
macrophages of erythroblastic islands in the hematopoietic foci. The central macrophages
contained phagosomes derived from extruded nuclei of definitive erythroblasts and Fe-positive
inclusions. At 19 days of gestation, F4/80~positive cells were observed in hematopoietic foci, and
a few F4/80-positive cells without hematopoietic cells also appeared among hepatocytes.

Although the majority of F4/80-positive cells among hepatocytes contained Fe-positive inclusions,
a few small F4/80-positive but Fe-negative mononuclear cells also appeared. A few large
macrophages underwent cell death not only through classical apoptosis but also through a process
called “dark cell formation.” At 13 days of age, F4/80-positive reactions were identified only in
sinusoidal macrophages, and F4/80-positive cells were Fe-negative. Some of primitive
macrophages derived from the yolk sac underwent cell death and disappeared from the liver shortly
after birth. The small F4/80-positive but Fe-negative mononuclear cells in early postnatal livers

could be considered as a candidate for a precursor of hepatic resident macrophages of Kupffer cells.
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Fig. 1. Number of F4/80-positive cells in unit area(1
mm?) and liver weights.
Solid circles and lines (—@—) indicate F4/80-positive
cells. Open circles and broken lines (--(O--) indicate
liver weights(Mean = SD). Livers showed a rapid
increase in weight until 13 days after birth. F4/80-
positive cells, on the other hand, significantly decreased
in number per unit area between 4 and 13 days after
birth (p< 0.01) .
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Fig. 2. Light micrographs of fetal and neonatal livers. 1 pim sections stained by toluidine blue.

a. Anembryonic liver anlage at 11 days of gestation.

Sinusoidal lumina (S) are widely expanded. Fg : foregut. Pc : peritoneal cavity. X 180.

b. A hematopoietic liver at 13 days of gestation.

Numerous hematopoietic cells, mainly erythroids, gather and proliferate among hepatocytes (H), and a
macrophage (Mp) is centrally located among hematopoietic cells. x 1, 200.

¢. A neonatal liver at four days of age.

Small solitary hematopoietic foci (arrows) are diffusely scattered on meandering sinusoids. Liver acinus
formation is prominent, but liver lobules are still inconspicuous. X 300.

d. Aliver at 13 days of age.

The liver lobule consists of hepatic cords and sinusoids radiating from central veins (CV), and hematopoietic

cells are negligible in the lobule. X 200.
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Fig. 3. Immunohistochemical F4/80 and histochemical iron stained liver from 11 days of gestation to 13 days after

birth. Mp : macrophage. X 1, 150.
a. Eleven days of gestation.

An F4/80-positive macrophage in the primitive sinusoidal lumen (S) contains a blue Fe—positive granule

(arrow). PrE : primitive erythrocyte.
b. Thirteen days of gestation.

A central macrophage of an erythroblastic island is strongly F4/80-positive and contains a few Fe-positive

inclusions (arrows) .
c. Nineteen days of gestation.

An F4/80-positive macrophage, surrounded by hematopoietic cells, contains numerous Fe-positive

inclusions (arrows) .
d. Four days after birth.

A large F4/80-positive cell contains an Fe-positive inclusion (arrow) but no hematopoietic cells are seen

around it.

e. A small F4/80-positive cell in a four-day-old liver.

The nucleus is slightly indented and no Fe-positive inclusion is seen in the scanty cytoplasm.
f.  AnF4/80-positive macrophage at 13 days after birth.
Fe-positive inclusion cannot be detected in any macrophages (Mp) .
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Fig. 4. Electron micrographs of an 11-day embryonic liver.
a. A primitive hepatic cord and sinusoid (S) .
Hematopoietic cells (Hm) are scattered in small groups among hepatoblasts (H) . En : endothelial cell. Mp :
macrophage. Ms . mesothelial cell. PrE . primitive erythrocyte. X 1, 150.
b. A sinusoidal macrophage of the framed area in (a) .
A few phagosomes can be observed (arrows) in the cytoplasm. X 3, 500.
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electron—dense inclusions (arrows) .
c. Nineteen days of gestation.

x5, 000.

Electron micrographs of fetal liver hematopoiesis.

a. Thirteen days of gestation.
A hematopoietic cell cluster is surrounded by hepatocytes (H), and a macrophage (Mp) is located
in the center of the cell cluster as a central macrophage of an erythroblastic island. X 2, 200.

b. A central macrophage (Mp) of the framed area in(a) .

The cytoplasm contains phagosomes derived from extruded nuclei of erythroblasts (% )and

The size of the hematopoietic cell cluster is remarkably reduced. The cytoplasm of the central
macrophage (Mp)is scanty but contains a large phagosome (% )derived from an extruded

nucleus. H : hepatocyte. S :
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Macrophage and mononuclear cell in four-day neonatal liver. X 5, 000.

a. A large-sized macrophage (Mp) among hepatocytes (H).
The cytoplasm contains numerous phagosomes (arrows), but, no erythroids can be seen around the

macrophage.

b. A small-sized mononuclear cell among hepatocytes (H) .
The nucleus is indented, and the cytoplasm contains a few primary lysosomes.

Fig. 7

A sinusoidal macrophage in liver at 13 days of age.

The cytoplasm of a large-sized macrophage (Mp)
contains abundant lysosomes, micropinocytotic ve-
sicles, and vacuoles, and microvillous projections
are prominent on the cell surface. H . hepatocyte.
S : sinusoid. X 2, 940.

A micrograph of the framed area in(a) .

The cytoplasm contains many small-sized primary
lysosomes. X 12, 600.
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Fig. 8. Dying macrophages in neonatal livers.

a. An apoptotic macrophage (Mp)in the sinusoidal lumen(S).
typical chromatin condensation and margination. Er :

2k (%29% 45295  2003)

One day of age. The nucleus shows
erythrocyte. H : hepatocyte. X 3, 800.

b. A macrophage (Mp) at the late stage of dark cell formation. Nine days of age. Convolution of the cell
and nuclear outline is evident, and nuclear deformation is prominent. X 5, 200.

¢. A macrophage at the early stage of dark cell formation. Nine days of age.
An arrowed cytoplasmic part, containing several secondary lysosomes, appears intact, but both the
nucleus and cytoplasm indicated by arrowheads are apparently dense and compacted. X 7, 700.
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Table 1.

F4/80-positive cells in fetal and neonatal liver

Fe-positive cells

155

Fe-negative cells

Primitive sinusoidal
macrophages

Central macrophages
of erythroblastic islands

Small mononuclear cells

Sinusoidal macrophages
(Kupffer cells)

Time of appearance

from ten
to eleven days of gestation

from twelve days of gestation
to nine days after birth

from late gestation

from seven days after birth

Nucleus

outline deeply indented irregularly ovoid indented irregularly ovoid

N/C ratio (Mean=SD) 0.7£0.2 04+0.1 1.1+04 0.3+0.1
Cell diameter

long axis (MeantSD) 102+ 1.4 pm 11.5+2.0 pm 6.6 £ 0.8 pm 13.2£23 um

short axis (Mean=SD) 8.5+12um 53+0.8 um 53£0.8 pm 4.8+ 1.1 pym
Cytoplasm

inclusions phagosomes derived from | phagosomes, derived from extruded none phagosomes containing

primitive erythrocytes nucleus and cytoplasm of erythroids, a few platelets
and myelin figures

Fe-reaction positive strongly positive negative negative
Cell surface projection

number numerous numerous afew numerous

length 1~3 um 1~2 pm 0.5 pm 0.5~1 pm
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