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ABSTRACT

This study was designed to investigate the appearence and the characteristics of the
apoptotic cells and the process of the joint cavity formation in mouse knee joint. Fetal
mouse knee joints from 15 to 19 days of gestation were used. Paraffin-embedded serial
sections, stained with H & E for light microscopic observation, Epon 812 embedded thin
sections for electron microscopic observation and Lowicryl HM 20 embedded thin sections
for immuno-electron microscopic observation were prepared. Monoclonal antibodies to -
tubulin and polyclonal antibodies to tissue transglutaminase were used for immuno-electron
microscopic study. The results obtained were as follows.

1. At 15 days of gestation, blood vessels, which have invaded in the mesenchymal

cells, were present in the synovium, to form the joint cavity in the future,

2. At 16 days of gestation, the joint cleft was first appeared and several RBCs were
present in the joint cleft. The invasion of blood vessels into the joint cleft was
continuing, and apoptotic cells were present in the inner cell layer, adjacent to the
joint cleft. Necrotic cells were also present in the outer cell layer; they were present
18 days of gestation, but apoptotic cells did hot appear after 17 days of gestation.

3. In the apoptotic cells, transglutaminase were localized around vacuoles and the
marginal site of the cytoplasm,

4, In the apoptotic cells, tubulin was around the endoplasmic reticulum and the
marginal site of the cytoplasm. In the late stage of apoptotic cells, tubulin was
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localized diffusely in the cytoplasm. Tubulin was also strongly labeled around in the

cytoplasm of the neighboring cell at which the apoptotic body was phagocytosed.

Tubulin labeled particles were apparently increased in the seperated apoptotic bodies.

On the basis of the above findings,
mouse knee joint,
follow it. In the apoptotic cell,

the mouse,

it is proposed that during the development of the
blood vessel invasion first occurs and then apoptosis and cell necrosis
present in the synovium of the developing knee joint of

it is suggested that the redistribution of tubulin is associated with apoptotic

process. And transglutaminase overexpressed in the apoptotic cell.
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rization) 2.2 o}EZBEAIAF I} o} EEXEAA M EE
Fe 2EEEd Fdges Xur) 9lol (Christine
et al., 1995).

aHu, AF7HA RAHFTE P FE3e olxZ
EAA AEe] digt AAFRAA dFelas A7
gapo]l F2 el A AFH AT
(Takabatake and Yamamoto, 1991; Zakeri ef
, 1994), olEZIZEAA AEL NE EA g
A FET Ao
gHH, A HA Ol HEE ATolA EF A7)
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9] paraformaldehyde (pH 7.2, 0.125 M HEPES
AFEA) M 247 IA s pAEE F 0°CH 30%
alcohol, —20°CellA] 50, 70, 95, 100%2] alcohol =
g3t F Lowicryl HM20o] Em3t & —20°Ce] W
T A 360 nmIge] UVE ZA8te] S8 A
o] F FxutAHE A28l toluidine blue® AL
Algeta £9E AAE of 70 nme] FAZ 29A
#3le] e4e) colloidinee] =E% Fe|ZAAbe] 24&
3P WAL
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Co.,, USA) AL 1A Z sl 22zt 1: 10082
Mg F Agor] 3087 qHEAZ T 6nme] WY
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AEES Apolol Wl 300 At (Fig. 1). 529
I£x 23 $2 Jue) A AT dgen 92
AERGE e A4UES 25 (Fig. 2).

X,

2) EfH ) 16Y

FAEA7 FHH7] AT S F Be 2
Yol slAsled BAEAZOE AYsle AS 1A
351 ofn] HAR FAEA Bol ML olu] A< el
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o (Fig. 4).
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FEA e WAL A AF A A, AE
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84 9l (Whillis, 1940; Mitrovic, 1978) f&%
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1953; Gardner and O’Rhahilly, 1968; Stoff and
Effendy, 1985).
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FIGURE LEGENDS

Fig. 1. A light micrograph at 15 days old mouse fetus. Blood vessels invaded in mesenchymal cells.

Stained by toluidine blue. X1, 000

Fig. 2. An electron micrograph of Mesenchymal cell (MC) at 15 days old mouse fetus. Bar: 1pum,

Fig. 3.

x5, 000
A light micrograph at 16 days old mouse fetus. Big blood vessel is invading to the joint cavity.
In early-formed joint cavity, RBCs were observed. Stained by H & E. X400

Fig. 4. An electron micrograph of the typical apoptotic cell in joint cavity at 16 days old mouse fetus.

Nuclear condensation and margination were shown. N: Nucleus, M: Mitochondria, V: Vacuole
Bar: 1um x8,000

Fig.5. An electron micrograph of the necrotic cells (NC) at the 17 days old mouse fetus. The necrotic

cells appeared near joint cavity (JC). Bar: lpum Xx5,000

Fig. 6. An electron micrograph of the apoptosis cell at 16 days old mouse fetus. Immunolabelled by

transglutaminase C. Note the transglutaminase C (arrows) was marked near endoplasmic
reticulum and vacuole in the cytoplasm. N: Nucleus Bar: lum x12,000

Fig. 7. An electron micrograph of the early stage apoptotic cell at 16 days old mouse fetus. The

Fig. 8.

Fig. 9.

apoptotic cell (AP) was shrinked and electron-densed cytoplasm. Its mitochondria were
marginated to the lower part of the cytoplasm. Immunolabelled by transglutaminase C. Note the
immunolabellig of transglutaminase C (arrows) around vacuole and the cytoplasm boundary. Bar:
1pm x8,000

An electron micrograph of the 16 days old mouse fetus. Tubulin (arrows) were concentrated
near endoplasmic reticulum (ER) and the boundary of the cytoplasm, mainly. Also, many
tubulins were concentrated in the apoptotic body (APB). Bar: 1pm X% 30,000

An electron micrograph of the late stage apoptotic cell (AP) at 17 days old mouse fetus.
Tubulins (arrows) diffused around the boundary of the cytoplasm. Bar: lum x30,000

Fig. 10. The late stage apoptotic cell was being phagocytosed by neighboring cell. Note the

__immunolabelling of tubulin (arrows), marked around the phagocytosing site of the neighboring

cell. APB: Apoptotic body, N: Nucleus Bar: 1pm X30,000
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