Dual role of 20-hydroxyecdysone in the apoptosis
of the anterior silk gland of the silkworm,Bombyx

mori

552: English
HhRE
~FH:2017-10-05
*F—7—RK:

EpkE: 55, B
X—=IJL7 FL R:
FilE:

http://hdl.handle.net/2297/16355




K % OB #
2 & A H

N - REFR
FHMNOHEBR Bt (W

FMNELZES HHE 3965
FNuBESDOHM ¥R 13E3A22H
FURGDOEMH FREEL GEMRAIE4RSE1E

ZEhZEE5DEE Dual role of 20-hydroxyecdysone in the apoptosis of the anterior
silk gland of the silkworm, Bombyx mori (%A 2 Bombyx mori®
HISEABROT7TR = ACBIF520-k FaF IV D _"#H
X B

AXEEZRAEE) A B EER -8R
WXEEZAFED AR R (BRRETREM - BB Tl BE GEER - #)
BR B’E EER -8 H W EER - BB

FURXEES

Anterior silk gland of the silkworm, Bombyx mori is a larval specific tissue and its
apoptosis is induced by 20-hydroxyecdysone (20E). Larval specific tissue is known to
undergo degeneration shortly after pupation.

I investigated the molecular mechanisms underlying the action of 20E as an
inducing factor of apoptosis in the anterior silk gland. The results indicate that 20E
exerts its effects on the progression of apoptosis through two distinctive processes. One
is mediated by nuclear hormone receptors that activate transcription of the genes
required for the apoptosis, and the other is independent from de novo gene expression.
In the latter, dibutyryl cAMP was capable of substituting for 20E, and 20E induced an
increase in intracellular cAMP concentration. These results indicate that the latter effect

of 20E is mediated by a membrane receptor.

At the pupal metamorphosis of the silkworm, Bombyx mori, most of larval specific
tissues degenerate through a cellular event known as programmed cell death (PCD), or
apoptosis. Bombyx silk gland is a larval specific tissue and consisted of three parts,
anterior, mid and posterior silk gland. Silk proteins are produced in the middle gland
and spun out as silk thread after passing through an anterior silk gland. After completion
of spinning of cocoon, silk glands begin to degenerate.

An anterior silk gland is a mere duct surrounded by a single layer of about 300

large flattened cells and lined with a thick cuticular intima at the lumen side. The PCD
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of anterior silk glands of Bombyx last instar larvae was studied in respect of 20-
hydroxyecdyosne (20E) requirements in vivo and in vitro. The glands in vivo began to
exhibit signs of PCD 2 days after gut purge and completed the PCD by 48 hours after
pupation. /n vitro, 20E precociously induced the PCD, which took 120-144 hours (6
days) for its completion. An oligo-nucleosomal ladder pattern was observed in DNA
extracted at the end of PCD, and chromatin condensation occurred as revealed by
acridine orange staining. These results indicate that the PCD of anterior silk gland is
apoptosis that is induced by a steroid hormone. In the present thesis, I put 7 scores
(score 0-6) to distinguished morphological changes (stage 0-6) associated with
progression of apoptosis. The progression of apoptosis in the anterior silk gland is
slower than apoptosis of other tissues or glands that are induced by 20E. This appears to
make it easy to analyze each step of apoptosis at molecular level.

a-Amanitin, which is a mRNA synthesis inhibitor, and cycloheximide (CHX) and
emetine, both of which are protein synthesis inhibitors, inhibited the apoptosis when
added simultaneously with 20E. By contrast, a-amanitin, CHX and emetine did not
inhibit the progressing of apoptosis when added to the culture 8, 18 and 18 h after 20E
challenge, respectively. Accordingly, 20E-stimulated transcription and protein synthesis
for apoptosis may be completed in 8 and 18 h, respectively. Nevertheless, withdrawal of
20E from the medium in the period of 24-42 h after 20E challenge suppressed the full
apoptosis, showiﬁg that 20E must be present in vitro after completion of gene
expression for the full apoptosis. This led an assumption that there are two distinct
processes in the mode of action of 20E, one through nuclear hormone receptors and the
other independent from de novo gene expression. Dibutyryl cCAMP was capable of
substituting for 20E. In the period after 18 h, 20E induced an increase in an intracellular
¢cAMP concentration, and the increase was observed within one minute after 20E
challenge. These results led a proposal that thé later effect of 20E is mediated by a
membrane receptor. Although the central dogma of a steroid signaling shows that
ecdysteroids act through nuclear receptors that are hormone-regulated transcriptional
factors, studies in the last decade argue that steroid hormones may also exert their
effects without gene expression. v

After 18 h of 20E challenge, CHX could not inhibit progression of apoptosis.
Rather, addition of CHX to the culture of the glands induced abrupt progression of
apoptosis. When added to culture medium at the early stages of apoptosis, it was nuclear

condensation and DNA fragmentation after 24-48 ‘h of addition of CHX. Same
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phenomenon could be observed .in the case of addition of emetine. Normally, the
apoptosis progresses step by step in vitro. But, the progression skipped over the stage 2,
3 and 4 in the case of addition of CHX. Abrupt progression of apoptosis could be
explained based on a hypothesis that there was an apoptosis inhibitor (s), and the abrupt
progression was caused by inhibition of inhibitor(s) synthesis. On the other hand,
addition of a-amanitin after 8 h of 20E challenge did not induce the abrupt progression.
If this is the case, 20E may be involved in the regulation of such inhibitor(s).

Progression of apoptosis in the anterior silk gland is summarized as in Figure 1.
The progression is divided three distinctive phases (phase [-1II) according to 20E
requirement to attain the morphologies of the glands, what are stage 2, 5 and 6. 20E-
activation of gene expression is necessary during phase I-1 and phase [-2 but not
sufficient for completion of apoptosis. Stimulation of 20E is needed after completion of
gene expression (phase 1-3 and thereafter). The stimulation of 20E may transmitted
through membrane receptor to activation of adenyl cyclase, and induce an increase in
intracellular cAMP concentration. Finally, cAMP signal may be activate caspase
cascade, which may induce chromatin condensation and DNA fragmentation. In
addition, there is a possibility that the stimulation of 20E suppresses translation or
action of inhibitor protein (s).

In this thesis, I argue that 20E-membrane receptor may exist and mediates
activation of caspase cascade that is typical of signal pathway in apoptosis. 20E is a
steroid hormone. The present thesis is thus the first report that describes dual roles of a

same steroid hormone in the progression of apoptosis.
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