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Cell Death of Mature Neutrophils in the Neonatal Liver of the Mouse :
A Histological Study

Masumi SUDA, Yuji SONODA, Chikako ITANO,
Takuji TAKEMOTO, Hirohiko IWATSUKI and Kazunobu SASAKI

Blood cell production in the fetal liver declines in late gestational life, and liver
hemopoietic cells disappear shortly after birth. To clarify the fate of hemopoietic
cells in the neonatal liver, we examined ICR mouse livers from 0 to 20 days after
birth by light and electron microscopy. In the neonatal liver, a large number of
granulocytes accumulated in the interlobular and subcapsular connective tissue, and
the majority of the granulocytes could be classified as mature neutrophils. Erythroid
cells formed erythroblastic islands, and the islands were scattered throughout the
liver parenchyma. After three days of age, liver hemopoietic cells including eryth-
roblasts and neutrophils markedly decreased in number. The neutrophils accumulat-
ing in the subcapsular and interlobular connective tissue showed various signs of cell
death. The major signs appeared in their nuclei ; condensation and margination of
chromatin to form peripheral crescents, and nuclear dissolution. Marked distension
of the perinuclear cisternae was noted. The peripheral cytoplasm was fragmented,
and the condensed cytoplasm contained swollen lysosomal granules. The apoptotic
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neutrophils were engulfed and removed by phagocytes .

(BB21% %25 199)

Neutrophils with the

morphological appearance of apoptosis were seen within liver macrophages, and

highly degraded neutrophil constituents were often present. Programmed cell death

of neutrophilic granulocytes is considered to characterize the terminal stage of liver
hemopoiesis. (Accepted on July 6, 1995) Kawasaki Igakkaishi 21(2) : 71—80, 1995
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Fig. 2. Photomicrographs of livers at day 0 (a,b) and nine days of age (¢). H-E staining.

(a) Day 0. Liver lobules (L) contain numerous hemopoietic cells. An arrow indicates
leukocyte accumulation in the interlobular connective tissue. IV :interlobular
vein. (X110)

(b) Day 0. Accumulation of polymorphonuclear leukocytes (arrows) in the connective
tissue between the interlobular vein (IV) and the bile duct (BD). (X430)

(c¢) Nine days of age. Hemopoietic cells in the hepatic lobules (L) and in the inter-
lobular connective tissue (IC) are markedly decreased in number. IV ! inter-
lobular vein. (x110)
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Fig. 3. Electron micrographs of neutrophil accumulations.
(a) Five days of age. Numerous neutrophils are noted in the subcapsular connective tissue.
C : capsule, H : hepatocyte. (X2,100)
(b) Day 0. Neutrophil accumulation in the neonatal liver contains a few promyelocytes (PM)
in addition to mature neutrophils (N). The mitosis of a neutrophilic granulocyte (M)
is noted. (Xx4,000)
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Fig. 4. Livers at eight days of age.

(a) Subcapsular connective tissue.
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Neutrophils showing signs of cell death (arrows) are frequently noted.

C : capsule. (X2,400)

(b) Interlobular connective tissue.

Arrows indicate fragmented cytoplasm of neutrophils. BD : bile duct.

(X6,400)
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Fig. 5. Dying neutrophils.
(a) Eight days of age. Distention of the perinuclear cisternae and swollen lysosomal granules are
noted. (x15,000)
(b) An apoptotic neutrophil at six days of age. The nuclear chromatin forms typical peripheral
crescents, (Xx14,000)
(c) Eight days of age. Neutrophil residue (an arrow) is seen in the cytoplasm of a macrophage
(Mp). (x9,600)
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Fig. 6. Schematic summary of mature neutro-

phil death and its digestion process.

1. A mature neutrophil

2 . An apoptotic neutrophil and fragmen-
tation of its peripheral cytoplasm.

3& 4. Apoptotic neutrophils phagocyt-
ized by a macrophage (Mp). Diges-
tion of the engulfed neutrophil ensues
in macrophage phagolysosomes.

MERER DT 5. ZhicxtL, FRITAER
SNEAHBAICES T 2 IFhERIE, BETHE
Nz kS ISR CHigst iR v~ 7 7
A=V LTI ERLNLS.
MFEICBEL T, HEE TR —YAD 2D
DIEENELET 2 ZERLAL ST B0,
RE R &G TR S 3 i@t TH %
BIEIE, BYEE ORHRIRBE, MlaE - M
Fa/NasE ofgfl, MR, #Es X UHila/NE:
BEOBEZE®RE 5. —FH, 28R EG
TTHAONAHMIGIETH 27 K —¥ A%,
K /NRIAE & KGR D FEMEEESE , MERE D
Fribpsstge, 2 afidciizhn
MEABEI NG . RIEICE bRo CTRATKEH
HIHT 2 IFhERIZ 7 R b —v Rk, MlEn
KrRBEOMBICIESET 52k, v7ua”
7 —VWREENST S b b2 S
MR I FFIRN (2 5% 3 2 iFHERIE, Figure
6 IZR L2 & D127 R b —¥ ADIEE THilgsEIC
Wiz, vr7ur7y—vickhIEns.



.

BEHEH» ¢ EBREEO~ Y AFIC B 1 2 BT OME | MEER 79

fEEFEDRBTES 2 7 u s 7 AHIFEFED
%<1k, TR —YZADBEBEZES LEDNT
VR R DEMERE ThHIEREX, v
A BWTIIBEOERE,» S HEBER T T
EMEPEEBTS. BABT TG LIZLDT,
SROFHERS~ 7 A HEBERO BRI CES
L', 4 LA ERIT B BEREN CHEBaZEIc - 2
D,=7u7y =YD IFENBON. <
R BRI BT 2 b 2 ERHIFGSE & 45 | O BT
BTOBE LEEI Y TEZ 2 L, BiEMm
i DRG 4 FARASME MARRR TR S Uiz HRERYs,
Z DEFHIIC &5 v~V TIEE BT v 72
D, x7077—YI&o>TlS S, LT
BRI D o TERECER S N 2 IFPERDIER
HFREROERICR S L E 2 oND . FRAEICH

S THRK S N hER D & BEEMAT hER A D Y]
DEZCHEEL T, ERRACAS TEBREHD
PN 3773 2 frdhEkix, B B0 2 Bk
BRABHI D 5 HT, 7ur A3 n-HR
AHZALDD EHREFEIC WD, BT
SERERERDIRIBT D £ E 2 7.

CR

N ERA BB FEESI L vy —D L FER=EKE
HHERROEAMEIC.O» SR T 5. AHFRO—E
ESCERERIETTEE (No. 07670043, 1995) 7 & TN IR
ERAR¥E 7oy =7 MIFFEE (No 5-801. 1993 ; No6-804,
1994) DEEITIT - 72,

Tavassoli M : Embryonic and fetal hemopoiesis : an overview. Blood cells 17 : 269—281, 1991
Enzan H, Takahashi H, Kawakami M, Yamashita S, Ohkita T : Light and electron microscopic
observations on hepatic hematopoiesis of human fetus. (I)Granulocytopoiesis in the hepatic mesen-

Matsumura G, Sasaki K : Megakaryocytes in the yolk sac, liver and bone marrow of the mouse :

Iwatsuki H, Suda M, Itano C: Scavenger macrophages and central macrophages of

erythroblastic islands in liver hemopoiesis of the fetal and early postnatal mouse : a semithin light-
Marton PF ! Ultrastructural study of erythrophagocytosis in the rat bone marrow. 1l. Iron metabo-
Scand J Haematol Suppl. 23 : 27—48. 1975

Ploemacher RE, Piersma AH, Brockbank KGM : The nature and function of granulopoietic
Abboud CN, Liesveld JL, Lichtman MA : The architecture of marrow and its role in hematopoietic
The functional and structural basis of
blood development. ed by Long MW and Wicha MS, Baltimore, John Hopkins Univ Press, pp 2—
Int Rev Cytol 68 :

Walker NI, Harmon BV, Gobé GC, Kerr JFR : Patterns of cell death. Meth Achiev Exp Pathol

Arends MJ, Wyllie AH : Apoptosis : Mechanisms and roles in pathology. Int Rev Exp Pathol 32 :

X Bk
1)
2)
chymal tissue. Acta Pathol Jap 28 : 411—426, 1978
3)
a cytometrical analysis by semithin light microscopy. J Anat 167 : 181—187, 1989
4) Sasaki K,
and electron-microscopic study. Acta Anat 147 : 75—82, 1993
5)
lism in reticulum cells following red cell digestion.
6)
microenvironments. Blood Cells 10 : 341—367, 1984
7
cell lodgment. In The hematopoietic microenvironment.
20, 1993
8) Wryllie AH, Kerr JFR, Currie AR : Cell death : The significance of apoptosis.
251—306, 1980
9)
13 1 18—54, 1988
10)
223—254, 1991
11)

Savill JS, Wyllie AH, Henson JE, Walport MJ, Henson PM, Haslett C : Macrophage phagocytosis
of aging neutrophils in inflammation. J Clin Invest 83 : 865—875, 1989



80
12)

13)

14)
15)

16)

17)

N B ¥ =

g{lﬂ:

(B21% %F25 199)

KRS, ERSET D FhEke 7R b—v R JIIBEFESE206 1 49—57, 1994

Lockshin RA, Zakeri Z : Programmed cell death and apoptosis. Iz Current Communications in Cell
& Molecular Biology. 3. Apoptosis : The Molecular Basis of Cell Death. ed by Tomei LD and Cope
FO, New York, Cold Spring Harbor Laboratory Press, pp 47—60.

Hurle JM : Cell death in developing systems. Meth Achiev Exp Pathol 13 : 55—86, 1988.

Sasaki K, Matsumura G, lto T : Light and electron microscopy of bone marrow hemopoiesis in late
embryonal and early postnatal mice : a qualitative and quantitative study. Arch Histol Jap 47 : 239
—250, 1984

Yer AFUE, BAEE, BAHEEE, Kb 0T | ~ v AEHEMOFE L FFEROMIZSE | HPMA Y1R
& 2R > I BETHEMSEE (D#%) . 5155 66 - 68, 1993

Sasaki K, lwatsuki H, Suda M, ltano C : Accumulation and massive cell death of polymorphonu-
clear ﬁeutrophils in the developing bone marrow of the mouse : a histological study. Acta Anat.
153 : 111—118, 1995



