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Expression of apoptosis-related factors in muscles
infected with Trichinella spiralis
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SUMMARY

We found that the expression of mitochondrial apoptosis related genes (Bcl-2 associated protein X, BAX; apoptotic
protease activating factor 1, Apaf-1; Caspase 9 and serine/threonine protein kinase, PKB) is elevated in Trichinella spir-
alis-infected muscles during encapsulation. Micro-dissection of the capsule and subsequent reverse transcription poly-
merase chain reaction (RT-PCR) confirmed that the expressions of these genes are restricted to the nurse cell.
Immunocytochemistry revealed that pro-apoptosis factor (BAX, Apaf-1 and Caspase 9) are predominantly expressed in
the basophilic cytoplasm (infected muscle cell origin) and anti-apoptosis factor (PKB) in the eosinophilic cytoplasm
(satellite cell origin) of the nurse cell. Electron microscopy revealed that the pre-existing mitochondria in the muscle cells
became swollen and disappeared immediately after newborn larva invasion, but new mitochondria of smaller size appeared
in the cytoplasm. Nuclear fragmentation and condensation were observed in basophilic cytoplasm which is known to die.
Together, the results suggest that the infected muscle cells transform but die through the process of apoptosis which is
triggered by factors from the newly formed mitochondria. The anti-apoptosis factor may help the eosinophilic cytoplasm

with its survival to ensure nurse cell function.
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INTRODUCTION

Trichinella spiralis in the muscle stage is found in
a capsule which is composed of non-cellular and
cellular components. The former is cyst wall com-
posed of collagen fibres and micelle substances. The
outer layer is formed by fibroblasts and the inner
layer is formed by the nurse cell (Matsuo et al. 2000).
The latter is within the cyst wall and is comprised of
basophilic cytoplasm, eosinophilic cytoplasm and
satellite cells. Sometimes host inflammatory cells
may migrate. The histological analysis of the capsule
formation revealed that the basophilic cytoplasm is
formed by the transformation of a muscle cell after
the newborn-larva invasion. The eosinophilic cyto-
plasm is formed by the misdifferentiation of a myo-
blast (satellite cell), which is thought to differentiate
to the muscle cell in response to muscle damage (Wu
et al. 2001).

The immature capsule, shortly after infection, has
basophilic cytoplasm, while the eosinophilic cyto-
plasm prevailed in the mature capsule. This change
in the ratio of the two kinds of cytoplasm occurs re-
ciprocally while the capsule formation takes place.
The two kinds of cytoplasm seem to differ from each
other. The basophilic cytoplasm has elevated acid
phosphatase activity and seems to be degraded. On
the other hand, eosinophilic cytoplasm has elevated
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alkaline phosphatase activity and seems to be meta-
bolically active (Boonmars et al. 2003). The eosino-
philic cytoplasm is supplied from the satellite cells
whose myogenic factors are activated (Wu et al.
2001).

To determine the fate of the two kinds of cytoplasm
we investigated the expression of pro-apoptotic gene
(Bcl-2 associated protein X, BAX; apoptotic pro-
tease activating factor 1, Apaf-1 and Caspase 9) and
anti-apoptotic gene (serine/threonine protein kinase,
PKB) proteins by means of quantitative PCR and
immunohistochemistry in the muscle infection of
T. spiralis in various stages of infection.

MATERIALS AND METHODS
Parasites and infection

Trichinella spiralis (1SS413) has been maintained
in mice in our laboratory. Nude mice were orally
infected with T. spiralis (800 infective larvae per
mouse). The mice were sacrificed at certain time-
points (8, 13, 18, 23, 28, 33, 38 and 53 days post-
infection (p.i.)).

Light and electron microscopic observations

For light microscopic observation, striated muscle
tissue was fixed in 10% formalin, embedded in
paraffin, thin-sectioned and stained with haema-
toxylin and eosin (H&E staining). The muscle tissue
was processed for electron microscopic observation
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Table 1. Summary of the primer pairs for anti-apoptosis factor (PKB)

and pro-apoptosis factor (BAX, Apaf-1 and Caspase 9)

Sequence GenBank
Product upper line: forward primer Accession

Gene length bottom line: reverse primer number

PKB 551 bp 5" GGCAGGAAGAAGAGACGATG 3 M94335
5"ACAGCCCGA AGTCCGTTAT 3’

BAX 419 bp 5" CACCTGAGCTGACCTTGGAG 3° NM_007527
5" GAGGACTCCAGCCACAAAGA 3

Apaf-1 575 bp 5"ATCCTGGTGCTTTGCCTCTA 3 NM_009684
5" TACACCCCCTGAAAAGCAAC ¥

Caspase 9 474 bp 5" ACCAATGGGACTCACAGCAA 3" NM_015733

5" AGGATGACCACCACAAAGCA ¥

Table 2. Summary of the primer pairs for endogeous controls (mouse glyceraldehyde-3-phosphate

dehydrogenase, MG3PDH and 18S rRNA)

Sequence GenBank
Product upper line: forward primer Accession
Gene length bottom line: reverse primer number
MG3PDH 728 bp 5" CCCGTAGACAAAATGGTGAAGG ¥ XM_194302
5" GACACATTGGGGGTAGGAACAC 3
18S rRNA 549 bp 5" AGATCAAAACCAACCCGGTGAG ¥ X00686

5" GGTAAGAGCATCGAGGGGGC 3

according to the method described in a previous
paper (Takahashi et al. 1988). Briefly, it was fixed
with 2-5% glutaraldehyde plus 4% paraformal-
dehyde, and double-stained with uranyl acetate and
Raynolds solution.

Primer design for quantitative reverse transcription
polymerase chain reaction (RT-PCR)

The primer pairs for anti-apoptosis factor (PKB)
and pro-apoptosis factor (BAX, Apaf-1 and Caspase
9) were designed based on the published sequence as
summarized in Table 1.

The primer pairs for endogenous
(mouse glyceraldehyde-3-phosphate dehydrogenase,
MG3PDH and 18S rRNA) were designed based on
the published sequence as summarized in Table 2.

controls

RNA isolation from infected muscles and RT-PCR
to detect apoptosis related-genes

Anaesthetized mice were killed by means of cervical
dislocation and quickly dissected. Whole muscle
tissues (100 mg) obtained from the hind limbs at §,
13, 18, 23, 28, 33, 38 and 53 days p.i. were used for
analysis. Uninfected muscles were used as a control.
Total RNA was isolated using TRIZOL (Invitro-
gen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. The isolated RNA was treated
with DNase (5 units RQ1 RNase-Free DNase,
Promega, Co., Madison, WI, USA) and 119 units of
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Ribonuclease Inhibitor (Takara Shuzo, Co., Ltd,
Kyoto, Japan) in the buffer (400 mm Tris—HCI,
100 mm NaCl, 60 mm MgCl, and 20 mwm dithi-
othreitol, pH 7-5). The treated RNA was extracted
with phenol/chloroform, precipitated with ethanol,
and dissolved in RNase-free water (100 ul). Total
RNA was reverse transcribed into cDNA using
Oligo(dT)12-18 primers (Amersham Pharmacia
Biotech, Inc. Piscataway, NJ, USA) and a Ready-to-
Go First-Strands beads kit (Amersham Pharmacia
Biotech). Thirty-two ul of the RNA sample (5 ul of
RNA original) and 1 ul of 0-5 ug/ul Oligo(dT)12-18
were added to a Ready-to-Go tube. The tube was
incubated at 37 °C for 60 min and then 95 °C for
10 min.

The PCR reaction mixture comprised 3 ul of re-
verse transcription products (1:10 diluted), 3 ul of
10 x PCR buffer, 3 ul of deoxynucleoside triphos-
phate (2:5 mMm each), 6 ul of primer pairs (5 um),
0-12 ul of Taq polymerase (5 U/ul, Takara Shuzo)
and 15 ul of distilled water to give the final volume of
30 ul. PCR conditions were as follows: 22 cycles for
MG3PDH, 38 cycles for BAX, 40 cycles for Apaf-1
and Caspase 9, and 28 cycles for PKB at 94 °C for
30 sec, 56 °C for 30 sec, 72 °C for 2 min followed by
a final extension at 72 “C for 7 min. Aliquots of PCR
products were analysed by gel electrophoresis with
1-5% agarose gel stained with 1 ug/ml ethidium
bromide and photographed under UV light. The
photographs were analysed for density using Scion
image (Scion Co., Frederick, MD, USA). All


https://doi.org/10.1017/S0031182003004530

Apoptosis-related factors in T'richinella spiralis nurse cells

reactions for the standard control and the exper-
iment sample were performed in triplicate. The
amount of BAX, Apaf-1, Caspase 9 and PKB genes
were calculated as follows:

The amount of sample gene =
gene sample/MG3PDH of sample
gene control/MG3PDH of control

The ratio of density of the apoptosis-related genes
and the standard gene were plotted in a graph
(Fig. 3).

Laser capture microscopy to isolate RNA from the
cyst and RT-PCR to detect apoptosis related-genes

Cryosections (8 um in thickness) of quickly frozen
muscles from 23 days p.i. were prepared and placed
onto glass slides (pre-heated at 200 °C for 2 h to
destroy RNase) and dried immediately with room air
using a conventional dryer. The capsules were micro-
dissected using the laser micro-beam of the Robot-
MicroBeam system (P.A.LL.M. GmbH, Bernried,
Germany) equipped with a 40x dry long-distance
objective lens. The control cells were collected from
the unaffected area of the same sample used for the
experiment. The unaffected area of the muscle was
identifiable by light microscope observation. The
capsules were cut together with their supporting
optimal cutting temperature compound with a laser
beam. One ul of mineral oil was dropped into a
0-5 ml tube cap. The test samples contained about
150-200 capsules (1 x 10% um? of tissue section), and
the control was prepared from the unaffected muscle
with the same square um. Total RNA was isolated
using RNeasy protect mini kit (Qiagen GmbH,
Hilden, Germany). The caps of 0-5 ml tubes were
reversed, and the lysis buffer was added. After the
incubation in a water bath for 15 min at 37 °C with a
vigorous vortex for 30 min, the manufacturer’s pro-
tocol was then followed. Thirty-two ul of the RNA
sample was reverse transcribed into ¢cDNA using
1 ul of 0-5 ug/ul oligo(d'T)12—-18 primers (Amersham
Pharmacia Biotech) and a Ready-to-Go First-
Strands beads kit (Amersham Pharmacia Biotech).
The tube was incubated at 37 °C for 60 min and then
95 °C for 10 min.

The PCR reaction mixture comprised 3 ul of the
reverse transcription products, 1-5ul of 10x PCR
buffer, 1-5ul of deoxynucleoside triphosphate
(2-5 m™m each), 3 ul of primer pairs (5 um), 0-06 ul of
Taq polymerase (5 U/ul) and 6 ul of distilled water
to give a final volume of 15 ul. PCR conditions were
as follows: 35 cycles at 94 °C for 30 sec, 52 °C for
30sec, 72 °C for 2min and followed by a final
extension at 72 °C for 7 min. The aliquots of PCR
products were analysed by gel electrophoresis with
1-5% agarose gel stained with 1 ug/ml ethidium
bromide and photographed under UV light. The
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photographs were analysed for density using a Scion
image. All reactions for standard control and the
experiment sample were performed in triplicate.
The amount of BAX, Apaf-1, Caspase 9 and PKB
genes were calculated as follows:

The amount of sample gene =
gene sample/18S rRNA of sample
gene control/18S rRNA of control’

The ratio of density of the apoptosis-related genes
and the standard gene were plotted in a graph
(Fig. 4).

Immunohistochemical staining for apoptosis-related
factors

Cryosections of 18, 23 and 48 days p.i. were fixed
with 4% paraformaldehyde (PFA) in 0-1 M phos-
phate-buffered saline (PBS) for 5 min, washed with
PBS for 15 min 3 times and then blocked with 5%
skimmed milk (DIFCO Laboratories, Detroit, MI,
USA) in PBS for 30 min. The primary antibody
included the rabbit polyclonal antibodies to BAX
(BAX-19, Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA), the rabbit polyclonal antibodies
to p-Aktl (p-Aktl (Ser473)-R, Santa Cruz Bio-
technology), rabbit polyclonal antibodies to Caspase
9 (Cell Signaling Technology, Inc., Beverly, MA,
USA) and the rabbit polyclonal antibodies to Apaf-1
((H-324) Santa Cruz Biotechnology). The sections
were incubated with the primary antibody (1:100
diluted) for 1-5 h at 37 °C, washed 3 times with PBS
and further processed using the Histostain-SP
(ZYMED Laboratories Inc. San Francisco, CA,
USA) according to the manufacturer’s instructions.
Slides were photographed and then stained with
H&E for the histological orientation and photo-
graphed under a light microscope. The negative
control study was performed using PBS instead of
the primary antibody.

RESULTS
Histology of capsule formation

These data have been published previously (Matsuo
et al. 2000). Therefore, only a brief summary is given
here with emphasis on mitochondria and nucleus.
After newborn larvae (NBL) of 7. spiralis had in-
fected the striated skeletal muscle, the infected
muscle cells transformed to the nurse cell that is
basophilic (Fig. 1A) by H&E staining. The earliest
ultrastructural change observed was disintegration
of the sarcomere structure and swelling of mito-
chondria (Fig. 2A). The basophilic cytoplasm was
replaced by eosinophilic cytoplasm (Fig. 1B) during
the capsule formation.

The nuclei in the basophilic cytoplasm exhibited
an irregular shape (Fig. 2C). During the next step of
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+ L) B Sy
38 days post infection

Fig. 1. Haematoxylin and eosin staining of 7T7ichinella spiralis-infected muscles on 18 (A) and 38 (B) days
post-infection, which showed basophilic cytoplasmic changes (A). The infected muscle cell is separated from undamaged
muscle cells by a capsule wall (B). The linear alignment of nuclei of satellite cells was observed in the periphery of

infected cells along their long axis (*). L, larva.

capsule formation in the early stage, old mitochondria
disappeared and were replaced by new mitochondria
(characterized by hyper-density of their matrix and
good integrity) that were much smaller in size than
those seen in normal muscle cells (Fig. 2B). About 1
month after infection, the capsule had a capsule wall
composed of an inner layer formed by the nurse cell
and the outer layer that is formed by fibroblasts.

Kinetics of expression of apoptosis-related genes

Fig. 3 shows the level of expression of apoptosis-
related genes, which were determined by semi-
quantitative RT-PCR at various stages in infected
or non-infected muscles (RNA was isolated from
block specimens). The specific band of MG3PDH
(endogenous control) was observed in all stages with
the band being the same density. Specific bands of
BAX, Apaf-1, Caspase 9 and PKB were also observed
in all stages of infection, but the expression level
at each stage was different. The expression level of
BAX and Apaf-1 was increased from 13 days p.i.
and reached a peak at 18 days p.i. After 28 days p.i.
the BAX expression level gradually decreased, and
then at 53 days p.i., the level decreased nearly to the
control level. Expression levels of the Caspase 9 gene
(pro-apoptosis) and PKB gene (anti-apoptosis) fol-
lowed the same kinetics as BAX, although the initial
increase was somewhat delayed.

Detection of apoptosis-related genes in the capsule

To determine whether the origin of the BAX, Apaf-
1, Caspase 9 and PKB genes is from nurse cells and/
or muscle cells, RT-PCR was performed to detect
the mRNA expression level in nurse cells and mus-
cle cells separately.

https://doi.org/10.1017/50031182003004530 Published online by Cambridge University Press

Fig. 4 shows the semi-quantitative RT-PCR of
the BAX, Apaf-1, Caspase 9, PKB and the control
gene as 18S rRNA at 23 days p.i. in nurse cells and/
or muscle cells. A specific band of 18S rRNA (endo-
genous control) was observed in both samples. The
expression level of 18S rRNA in both samples was
almost the same. Specific bands of PKB and BAX
were also observed in both samples, but the higher
expression level of both BAX and PKB was observed
in the nurse cell sample and a lower expression level
was observed in the muscle cell sample. On the other
hand, a specific band of Apaf-1 and caspase 9 was
observed only in the nurse cell sample.

In situ localization of apoptosis-related factors

Immunohistochemical staining results are shown in
Fig. 5 (BAX), Fig. 6 (Apaf-1), Fig. 7 (Caspase 9) and
Fig. 8 (PKB). On the upper part of each figure, im-
munostaining slides from 18, 23 and 48 days p.i. are
shown, and H&E stained sections were placed on the
lower half. Strong positive staining for BAX, Apaf-1
and Caspase 9 was observed within the 18 day p.i.
capsule, but not in the muscle tissues. The direct
comparison of the immunostaining and H&E stain-
ing slides confirmed that the cytoplasm of the posi-
tive staining tissues was predominantly basophilic
cytoplasm. PKB expression was strongly positive in
the eosinophilic cytoplasm, which is derived from
the satellite cell. Although these gene expressions
were weaker at 23 days p.i., the immunostaining in-
tensity for the gene products was the same. At 48
days p.i., the immunostaining intensity was negli-
gible except for PKB (E in Fig. 8). The larval body
was positively stained with only anti-BAX antibody.
The control slides were negative for immunostain-
ing, which confirmed the staining specificity.
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Fig. 2. Electron micrograph showing histopathology of Trichinella spiralis-infected muscles. Immediately after
invasion by the newborn larvae mitochondria were swollen and disintegrated, some of them were fused with
lysosomes (A). Mitochondria disappeared and were replaced by new mitochondria (arrowed, B) that were smaller

than those have seen in normal muscle and located closely to the nucleus. The nucleus had an irregular shape and

scattered heterochromatin (C). M, mitochondria; N, nucleus.

DISCUSSION

The nurse cell takes care of the parasites and is
definitely not a normal constituent of the host. Why
do terminally differentiated muscle cells transform
to nurse cells? Why do satellite cells differentiate to
nurse cells? The mechanisms of the cyst formation
are one of the major biological interests related to
Trichinella infections. According to our previous
paper (Boonmars et al. 2003), acid phosphatase
activity was observed in the basophilic cytoplasm
(infected muscle cell origin) of the nurse cell, which
suggested the presence of destructive processes. In
addition, alkaline phosphatase activity was observed
in eosinophilic cytoplasm (satellite cell origin), which
suggested that this cytoplasm is metabolically active,
engaging in metabolic transportation (Boonmars
et al. 2003). Thus, the two kinds of cytoplasm have
different fates and it is likely that apoptotic and anti-
apoptotic mechanisms are involved in determining
such fates. In the present study we successfully
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showed that apoptosis-related genes are involved in
the capsule formation of 7. spiralis.

Apoptotic genes are well known in cell suicide,
which plays a role in various physiological processes,
and deregulation of apoptosis has been implicated in
pathological processes of diseases (Sandri & Carraro,
1999). The present RT-PCR experiment showed the
temporal elevation of apoptosis-related genes (BAX,
Apaf-1, Caspase 9 and PKB) in infected muscles
concomitant with the capsule formation, although
the elevation of Caspase 9 and PKB genes happened
5 days later than the other genes. Microdissection
and a subsequent RT-PCR experiment confirmed
that these genes were expressed predominantly in
the capsule, not in the normal muscle cells.

The immunostaining results showed the precise
location of products of apoptosis-related genes.
Products of pro-apoptosis genes (BAX, Apaf-1 and
caspase 9) were located in the basophilic cytoplasm.
On the other hand, the anti-apoptosis gene (PKB)
was located in the eosinophilic cytoplasm.
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Expression levels

Days post infection

Fig. 3. RT-PCR results on the expression level of apoptotsis-related genes (BAX, Apaf-1, Caspase 9, and PKB)

in the infected muscle tissue. Total RNA was isolated from infected muscle tissue at various stages (0, 8, 13, 18, 23, 28,
33, 38 and 53 days post-infection) and amplification products were analysed by agarose gel electrophoresis and shown
in the right panel. Using Scion Image software, the relative density of each sample band against the control band
(MG3PDH) was analysed and shown in the left panel.
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Fig. 4. RT-PCR results on the expression level of apoptotsis-related genes (BAX, Apaf-1, Caspase 9, and PKB) in
the capsules or unaffected muscle cells which were obtained from a T'richinella spiralis-infected mouse at 23 days
post-infection. T'otal RNA was isolated from laser microdissected capsules or unaffected muscle cells (control),
amplification of the sample genes (BAX, Apaf-1, Caspase 9 and PKB) and the standard gene (18S rRNA) was
performed and PCR products were analysed by agarose gel electrophoresis (right panel). Using Scion Image software,
the relative density of each sample band against the control band was analysed and shown in the left panel.
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Immuno-
histochemical
staining for

BAX

H&E

staining

18 dpi 23 dpi 48 dpi

Fig. 5. Immunohistochemical staining for BAX. Cryosections of muscles infected with Trichinella spiralis for 18 (A),
23 (C) and 48 (E) days post-infection were reacted with anti-BAX antibody. The red colour indicates the positive
reaction (¥*). After anti-BAX staining the same section was subjected to H&E staining for histological orientation
purposes (B, D, F). L, larva.

Immuno-
histochemical
staining for

Apaf-1

H&E

staining

Fig. 6. Immunohistochemical staining for Apaf-1. Cryosection of muscle infected with Trichinella spiralis for 18 (A),
23 (C) and 48 (E) days post-infection was reacted with anti-Apaf-1 antibody. The red colour indicates the positive
reaction (¥). After anti-Apaf-1 staining the same section was subjected to H&E staining for histological orientation
purposes (B, D, F). L, larva.

Following T. spiralis infection, the actin-myosin the new mitochondria (Matsuo et al. 2000). The new
structures disappeared and mitochondria swelled mitochondria were smaller in size than those in nor-
and disappeared in the early phase of the infection. mal muscle cells. They had a hyper-density matrix,

In other words, older mitochondria were replaced by which was in good agreement to features of
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Immuno-
histochemical
staining for

Caspase 9

H&E

staining

18 dpi 23 dpi 48 dpi

Fig. 7. Immunohistochemical staining for Caspase 9. Cryosection of muscle infected with Trichinella spiralis for 18 (A),
23 (C) and 48 (E) days post-infection was reacted with anti-Caspase 9 antibody. The red colour indicates the positive
reaction (¥). After anti-Caspase 9 staining the same section was subjected to H&E staining for histological orientation
purposes (B, D, F). L, larva.

Immuno-
histochemical
staining for

PKB

H&E

staining

Fig. 8. Immunohistochemical staining for PKB. Cryosection of muscle infected with Trichinella spiralis for18 (A), 23
(C) and 48 (E) days post-infection was reacted with anti-akt]l antibody (akt-473). The red colour indicates the positive
reaction (¥*). After anti-PKB staining the same section was subjected to H&E staining for histological orientation

purposes (B, D, F). L, larva.

mitochondrial pyknosis in apoptosis (Mancini et al. and Apaf-1) were found to increase in their ex-
1997; Desagher & Martinou, 2000). Three types of pression in this study. Concomitantly, morphological
mitochondrial pro-apoptosis genes (BAX, Caspase 9 signs characteristic of apoptosis (irregular shaped
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nuclei, scattered and dense heterochromatin) were
seen in the basophilic cytoplasm (Matsuo et al. 2000).

Reportedly, BAX induces apoptosis by forming
the membrane pore in mitochondria from which
cytochrome c is released upon apoptotic signalling
(Desagher & Martinou, 2000; Gottlieb, 2000;
Tsujimoto & Shimizu, 2000; Parone, James &
Martinou, 2002). An increase of BAX expression is
probably responsible for other types of muscle dis-
orders (Monici et al. 1998; Lee, Lee & Lee, 2001;
Chuang et al. 2002 ; Tkezoe et al. 2002 ; Tews, 2002;
Umaki et al. 2002). Apaf-1 is a co-apoptotic factor
and caspase 9 is an initiator caspase, both of which
likely play roles in cascades that lead to cell death
(Saleh et al. 1999; Desagher & Martinou, 2000;
Parone et al. 2002).

The PKB gene is probably expressed in satellite
cell-origin cytoplasm, because the gene was ex-
pressed in the capsule and the product was in the
eosinophilic cytoplasm. It is an anti-apoptosis factor
and protects cells from death (Lawlor & Alessi,
2001; Nicholson & Anderson, 2002), by means of
inactivation of pro-apoptotic proteins such as Bad
(Datta et al. 1997; Del Peso et al. 1997) and Caspase
9 (Cardone et al. 1998; Wang et al. 2002), and inhi-
bition of BAX conformational change (Yamaguchi &
Wang, 2001).

It is a well-established concept that the nurse cell
can survive for years (Steel, 1982). Although this is
true our previous (Matsuo et al. 2000; Wu et al.
2001; Boonmars et al. 2003) and present results
suggest that this concept needs some modifications.
The infected muscle segregates its affected portion
to minimize cell damage (Wu et al. 2001). This
portion (basophilic cytoplasm) transforms to a nurse
cell but soon dies due to the apoptotic process. In
response to this muscle cell damage, the satellite
cells proliferate and try to differentiate into muscle
cells but differentiate instead to nurse cells (IMatsuo
et al. 2000). This eosinophilic cytoplasm is meta-
bolically active (Boonmars et al. 2003), probably pro-
tected by PKB-driven anti-apoptosis mechanisms.
This cytoplasm also may die soon or later but the
active satellite cell is within the capsule (Matsuo et al.
2000), which likely ensures the continuous supply of
new cells. Therefore, the nurse cell cyst seems to be
the result of continuous destruction and production
of cytoplasm. At present this is most plausible ex-
planation why the nurse cell appears to have a long
survival time.

This study was partly supported by a Grant-in-Aid for
Scientific Research (15590366) from the Ministry of

Education, Culture, Sports, Science and Technology of
Japan.
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