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Protease Activity in Programmed Cell Death during Chick Limb Development
Naomi FUKUSHIMA

Programmed cell death (PCD) is an important process for eliminating unnecessary cells
during embryonic development for proper morphogenesis at genetically determined stages. During
embryonic limb development, mesenchymal cells in the interdigital regions, as well as in posterior
or anterior necrotic zones, are known to die.

In this study, we examined the effects of protease inhibitors on PCD in the interdigital regions
of chick limb buds to clarify the roles of proteases. Our data using the organ culture system and

biochemical assays showed that inhibitors for cathepsin, especially cathepsin L, suppressed the
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emergence of Nile blue-positive granules, while specific inhibitors for each caspase did not.
Extensive studies using the TUNEL assay, conventional histological staining and nucleosomal
ladder analysis revealed that inhibitors for cathepsin L did not suppress cell death of the interdigital

tissue, but did attenuat phagocytosis of dead cells by macrophages. (Accepted on May 8, 2003)
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Fig. 1. Vital staining of chick leg buds with Nile blue with no protease inhibitor
Interdigital granules stained with Nile blue dye represent macrophage-like
cells ingesting dead mesenchymal cells. Bars represent 1 mm.
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Fig. 2. Organ culture of interdigital tissues
Methods were described in the text.

A : Nile blue stained interdigital tissue before culture dissected at day 6 %4 . Bar represents 1 mm. No granules were

detected.

B : Cultured for 24 hr in basal medium. Granules stained with Nile blue represent macrophage-like cells ingested dead

interdigital cells.

C : Cultured in medium containing 100 4 M cathepsin L inhibitor (CLIK 148). Cathepsin L inhibitor decreased the

number of granules.
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Fig. 3. Effects of protease inhibitors for Nile blue positive granule formation in the cultured interdigital tissue
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B:

. Effects of protease inhibitors on interdigital cell death

100% represents the number of Nile blue positive grenules detected in control culture.

E-64-d (cathepsin B/L inhibitor) and CLIK 148 (cathepsin L inhibitor) decreased the number of Nile blue positive
granules. CHX completely inhibited the emergence of Nile blue positive granules. The other inhibitors showed no
significant effect.

Bar and error bars represent mean *+ SD from five independent experiments.

# ; Significantly different from the control values (P<0.001) Cont ; control (Interdigital tissue was dissected at
6 24 days and cultured for 24 hr without protease inhibitor.)

Effects of caspase inhibitors on interdigital cell death

100% represents the number of Nile blue positive granules detected in control culture. Methods were described in the
text.

Only Z-VAD (pan-—casepases inhibitor) decreased the number of Nile blue positive granules. The other caspase
inhibitors showed no effect.

Bar and error bars represent mean + SD from five independent experiments.

# ; Significantly different from the control values (P<0.001) Cont ; control (Interdigital tissue was dissected at
6 %4 days and cultured for 24 hr without protease inhibitor.), Casp ; caspase
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A B C
Fig. 6. Histological examination (Hematoxilin-Eosin staining)
Interdigital tissue preparation was same as Fig. 5.
A : Interdigital tissue before organ culture. (x 400)
B : Interdigital tissue after organ culture in basal medium. (X 400)
C : Interdigital tissue after organ culture in the medium containing 100 x M cathepsin L inhibitor (CLIK 148). (x400)
Macrophage-like cells (arrows) ingested several dead cells (B and C).
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Fig. 7. Count of dead cells in Macrophage-like cells

Number of dead cells per macrophage-like cell was
counted under H-E staining at 24 hr culture tissue in the
presence (hatch column) or absence (open column)
of 100 u M CLIK 148. The horizontal axis represents
the number of dead cells numbers per macrophage-like
cell. The vertical axis represents the count of the
macrophage-like cells. The average £ SD of the
number of ingested cells per macrophage-like cell was
inserted. MQcell ; macrophage-like cell
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Fig. 8. TUNEL and SYTO 13 staining of interdigital culture with or without

CLIK 148 (100 u M)

Red fluorescence (TUNEL) and green fluorescence (DNA) were merged.

The culture conditions were same as Fig. 5.

A : Interdigital tissue before organ culture. TUNEL was negative. DNA was
stained by green fluorescence. (SYTO 13). (x400)

B :Interdigital tissue (day 6 23) after organ culture for 24 hr in basal
medium. Red cells were TUNEL positive cells (Rhodamine). (X 400)

C : Cultured in medium containing 100 u M cathepsin L inhibitor (CLIK
148). The number of TUNEL positive cells were not significantly

reduced, comparing to Fig. 8B. (x400)
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Fig. 9. Protease activities at day 6 245 (open column) and 7 24 (hatched col-

umn) interdigital tissue
Reaction conditions were described in the text.

A : Cathepsin L activity increased by 4.5-fold at day 7 23. Cathepsin
substrates were Z-Phe-Arg-MCA, Z-Arg-Arg-MCA, and Z-Leu-Arg—
MCA for cathepsin B/L, B and S, respectively.

Bar and error bars represent mean = SD from five independent experi-
ments.

# ; Significantly different from the control values of 6 %4 days(P
<0.001). An asterisk means that there was no detectable activity.

B : Caspase activities.

Only Caspase 3/7 activity increased by 10-fold at 7 24 days. Other
caspase activities were not detected. Casepase substrates were Ac-YVAD
-MCA, Ac-VDVAD-MCA, Ac-DEVD-MCA, Ac-IETD-MCA, and Ac
-ILTD-MCA for caspase 1, 2, 3/7, 8/6, 9, respectively.

Bar and error bars represent mean + SD from five independent experi-
ments.

# ; Significantly different from the control values of 6 24 days(P
<0.001). An asterisk means that there was no detectable activity present.
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Fig. 10. Cathepsin L activity was detected using Magic Red
- (FR) 2 Cathepsin L Assay Kit®
Interdigital tissue (day 7 24) was stained for cathepsin
L. Cathepsin L activity was detected in the dead cells
(arrowheads) and dead cells within phagocytotic macro-

phage-like cell (arrows). (% 400)

Gathered red granules represent dead cells ingested by
macrophage-like cell. Isolated red granules represent
dead cells not ingested by macrophage-like cell.
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