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Although exposure to environmental chemicals and radiation has been associated with the risk
of tumor development, mechanisms related to pediatric tumors have not been completely
understood. Furthermore, evaluative methods to assess the modifying effects of chemical exposure
on pediatric tumors have not been established. Recently, heterozygous Ptch1 knockout mice (Ptchl
mice) have been used as a valuable model for human medulloblastoma of the Sonic hedgehog
subtype, which is the most common malignant brain tumor in children. However, the detailed
process of medulloblastoma development in Ptchl mice remains unknown. On the other hand,
medulloblastoma tumorigenesis in Ptchl mice is thought to be modified by a variety of factors
because changes in its incidence have been observed by postnatal exposure to radiation and
additional gene mutations in Ptchl mice. This study was conducted to establish an evaluative
method to assess the modifying effects of chemical exposure on pediatric tumors using Ptchl mice.

In Chapter 1, I examined the cerebella of wild and Ptchl mice sequentially from postnatal day 0
(PNDO) to postnatal week 10 (W10) to clarify the characteristics of medulloblastoma preneoplastic
lesions, which are thought to be a promising endpoint for detecting the modifying effect on
medulloblastoma development in a short term. In Ptchl mice, proliferative lesions were detected
during PNDI10 to PND14 as focal thickened areas of the external granular layer (EGL). After
PND16, Ki-67-positive foci were detected. The earliest occurrence of medulloblastoma was
observed at PND12. The morphological characteristics, migration process of BrdU-labeled cells,
and immunohistochemistry of proliferation cell markers and neural differentiation markers revealed
that the thickened areas of EGL, Ki-67-positive foci, and medulloblastoma were derived from
granular precursor cells (GCP) located in EGL. In addition, the similarities of morphological
characteristics and immunohistochemistry of proliferative cells and neuronal differentiation
markers indicated that the thickened areas of EGL and Ki-67-positive foci were possibly
preneoplastic lesions of medulloblastoma. Because the Ki-67-positive focus was observed
frequently during the later period of cerebellar development, it was considered to be a promising
preneoplastic medulloblastoma lesion to investigate the modifying effects of exposure to chemicals
during the developmental period in Ptchl mice.

In Chapter 2, Ptchl mice were treated with Cyclopamine, a hedgehog signaling inhibitor, from



PND1 to PND14 in order to clarify the modifying effects of postnatal exposure to Cyclopamine on
medulloblastoma development in Ptchl mice and confirm the value of medulloblastoma and its
preneoplastic lesions investigated in Chapter 1 as an evaluation endpoint. Cyclopamine treatment
resulted in a statistically significant reduction in the incidence of proliferation of thickened area in
EGL, Ki-67-positive foci, and small medulloblastoma (Small MB) at PND14 and PND21. In
addition, significant reduction in the total area of proliferative lesions was noted at PND21 in the
Cyclopamine group. At PND7, Cyclopamine treatment reduced the proliferation of GCP in EGL,
indicating that Cyclopamine inhibited not only the development of preneoplastic lesions but also
the expansion of these lesions into medulloblastomas. Furthermore, the inhibitory potential
persisted for 2 months after the treatment. These results indicated that postnatal exposure to
Cyclopamine has an inhibitory effect on medulloblastoma development in Ptchl mice. In addition,
these results indicated that preneoplastic lesions of medulloblastoma, thickened areas of EGL, and
Ki-67-positive foci were good endpoints for the detection of the modifying effects of chemical
exposure on medulloblastoma development during the developmental period.

In Chapter 3, Ptchl mice were treated with Pifithrin-a, a p53 inhibitor, from PND1 to PND14 in
order to clarify the modifying effects of postnatal exposure to Pifithrin-a on medulloblastoma
development in Ptchl mice and confirm the value of medulloblastoma and its preneoplastic lesions
as evaluation endpoints. Pifithrin-a treatment resulted in a statistically significant increase in the
incidence and total area of proliferative lesions of Small MB at PND21. At PND7, Pifithrin-a
treatment induced apoptosis and senescence of GCP in EGL with the activation of p53, in contrast
with the hypotheses that Pifithrin-a treatment inhibits apoptosis. Although the cause of the
activation of p53 by Pifithrin-a treatment remains unknown, it is suggested that some preneoplastic
lesions with additional gene mutations escaped apoptosis by Pifithrin-a treatment and expanded to
medulloblastomas by PND21.

In Chapter 4, Ptchl mice were treated with Methimazole, an anti-thyroid agent, from PNDI to
PND21. In the Methimazole-treated animals, histopathological changes in the thyroid glands and a
decrease in body weight were observed, which were thought to be related to hypothyroidism.
Methimazole treatment resulted in a statistically significant decrease in the incidence of
Ki-67-positive foci in Ptchl mice at W12. However, there was no change in the incidence of
proliferative lesions at PND14 and PND21, as well as in the total area of proliferative lesions at
PND21 and W12. These results indicated that a decrease in the incidence of Ki-67-positive foci at
W12 was a non-specific change. In addition, Methimazole treatment had no effect on cerebellar
development in wild and Ptchl mice. We concluded that, under the conditions of this study,
Methimazole treatment did not affect cerebellar and medulloblastoma development.

In summary, in addition to medulloblastoma, its preneoplastic lesions in mice are considered to
be promising early endpoints of medulloblastoma development in Ptchl mice. Examination of
these lesions is valuable for the detection of the modifying effects of postnatal exposure to
chemicals on medulloblastoma development in short-term studies. Further experiments using other
chemicals are needed to confirm the usability and limitations of these endpoints.



