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A transgenic mouse model expressing Simian virus 40 T-antigen
(SV40Tag) under the control of a tetracycline system was generated.
In this model, a cerebellar tumor was developed after doxycycline
hydrochloride treatment. Real time-polymerase chain reaction and
immunohistochemistry results indicated that the SV40Tag gene was
expressed in the tumor. Pathological analysis showed that the
tumor belonged to medulloblastoma. Further molecular characterization
of the tumor demonstrated that the insulin-like growth factor (IGF)
signaling pathway was activated. We also found that the SV40Tag
could bind and translocate insulin receptor substrate 1 into the
nucleus in primary cultured tumor cells. The interaction between
the IGF pathway and SV40Tag may contribute to the process of
malignant transformation in medulloblastoma. This transgenic
animal model provides an important tool for studies on the signal
pathways involved in the preneoplastic process in medulloblastoma
and could help to identify therapeutic targets for brain tumors.
(Cancer Sci 2008; 99: 234–240)

M edulloblastoma is an invasive embryonic tumor of the
cerebellum with predominant neuronal differentiation. It

is the most common malignant brain tumor of childhood, which
mainly occurs between 5 and 10 years of age.(1) Despite recent
advances in understanding the pathogenesis of medulloblastoma,
the specific genetic alterations and molecular mechanisms involved
in the brain tumor are not well defined.(2) It is generally accepted
that medulloblastoma, like other cancers, represents a genetic
disease of somatic cell alterations, such as gene mutations, deletions,
translocations, or amplifications. The etiology and risk factors
that contribute to the genetic aberrations for the tumors remain
to be elucidated. It has been reported that aberrant activations of
several cell signal pathways, such as Shh(3,4) Wnt(5,6) ErbB2(7,8)

and insulin-like growth factor 1-R (IGF1-R) pathways(9,10) were
implicated in the pathological processes of brain tumors.

Simian virus 40 (SV40) has been detected in medulloblast-
oma.(11,12) Several lines of evidence indicated that the viral early
protein T antigen could be involved in the tumorigenesis
process. SV40 T antigen (SV40Tag) is a multifunctional regulatory
protein that binds to the tumor suppressor genes, including
p53(13) and the retinoblastoma (Rb) family of proteins.(14)

Furthermore, the antigen could interact with insulin receptor
substrate I (IRS-1), which plays a critical role in transforming
R-cells.(15,16) It is known that the interactions between SV40 T-
antigen (SV40Tag) and tumor suppressor proteins stimulate
DNA duplication, facilitate cell proliferation and induce cell
transformation.(17,18) However, the molecular mechanism of the
SV40 induction of tumors is not completely clear.

Transgenic technology has provided a way to determine whether
a particular gene product could contribute to the neoplastic process.

Furthermore, the transgenic animal models could be used for studies
on tumor development, progression and therapeutic targets iden-
tification and evaluation. Recently, a number of SV40Tag trans-
genic animal models have been reported, in which the transgene
was constitutively expressed.(19–24) These animal models were used
for the studies of neoplastic development, as well as the equilibrium
between proliferation and cell death.(25–27) However, the con-
stitutive expression of SV40Tag may affect the development of
the animal and therefore, hamper the analysis of critical steps of
tumorigenesis. In an attempt to circumvent these limitations, we
generated inducible transgenic mice expressing SV40Tag under
the control of tetracycline. In this report, we have described the
generation and molecular characterization of the tetracycline-
responsive SV40Tag transgenic mouse model for medulloblastoma.

Materials and Methods

Generation of the inducible SV40Tag transgenic mice. A 2.5-kb
fragment containing the SV40Tag gene from pBC-SV40Tag(28)

was generated with Xho I digestion and cloned into the Sal I
site of pTRE-2 DNA vector (pTRE-SV40Tag). Linearized
pTRE-SV40Tag and pTet-on (clontech, K1621-A) vectors were
microinjected into the male pronucleus of fertilized zygotes of
FVB mice. The eggs were implanted into a pseudopregnant ICR
foster mother as described.(29) Founder (G0) mice were identified
by polymerase chain reaction (PCR) and Southern blot analysis.
Briefly, genomic DNA was isolated from the tails of transgenic
mice using a standard method. For PCR of SV40Tag, a pair of
spanning SV40Tag intron primers was designed and synthesized
(Forward: 5′-ACT TTG GAG GCT TCT GGG AT-3′ and
Reverse: 5′-GGT GTA AAT AGC AAA GCA AGC A-3′). PCR
reaction was carried out under the following conditions: 35
cycles of 94°C for 1 min, 60°C for 45 s, and 72°C for 50 s. The
primer sequences of rtTA were as follows: Forward: 5′-TAG
ATA GGC ACC ATA CTC ACT T-3′ and Reverse: 5′-CCT CGA
TGG TAG ACC CGT AA-3′. PCR reaction was carried out with
35 cycles of 94°C for 1 min, 53°C for 45 s, and 72°C for 50 s.
PCR products were detected using electrophoresis on 1.0% agarose
gel. Transgenic mice were further confirmed by Southern blot
analysis. Genomic DNA was digested overnight with Nde I and
subjected to electrophoresis on 0.8% agarose gel. The 1-kb
fragment of plasmid pTRE-SV40Tag digested with Nde I was
used as a probe. Plasmid pTet-on and genomic DNA were digested
with BamH I and run on 0.8% agarose gel. DNA was transferred
onto nylon membrane (Millipore Ltd). Southern blot analysis
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was carried out according to the protocol of the ECLTM Direct
Nucleic Acid Labeling and Detection System (Amersham).

Administration of doxycycline hydrochloride and RNA analysis.
Twenty-four SV40Tag and rtTA double transgenic mice (12
male and 12 female) at 6 weeks of age were exposed to
0.05 mg/mL of doxycycline hydrochloride (Dox) (Sigma) in
drinking water. Twenty-four pTet-on/pTRE-SV40Tag double
transgenic mice without administration of Dox were used as
controls. Total RNA was isolated from the tumor and other
tissues with TRIzol reagent (Invitrogen) according to the manu-
facturer’s instruction. First strand cDNA was synthesized using
M-MLV Reverse Transcriptase (Invitrogen). Reverse transcription
(RT)-PCR reaction was carried out using the SV40Tag
primers described above. PCR reaction was carried out for
35 cycles: 94°C for 1 min, 60°C for 45 s, and 72°C for 50 s. The
PCR products were analyzed on 1.0% agarose gel.

Histological and immunohistochemical analysis. Tumor and other
tissues were cut into 0.5-cm3 pieces, fixed in 4% paraformaldehyde
and embedded in paraffin. Tissue sections of 3 µm were cut
using freezing microtome (Leica) and stained with hematoxylin
and eosin. Immunohistochemical analysis of tissues was carried
out using the following antibodies: anti-SV40Tag polyclonal
antibody (1:400, Santa Cruz Biotechnology Inc.); anti-GFAP
(1:400, Zymed); anti-NSE (1:200, Zymed); and anti-S100.β
(1:500, Zymed). Tissues were incubated with normal goat serum
at room temperature for 20 min and treated with antibody
overnight after quenching endogenous peroxidase with 0.6%
hydrogen peroxide. The tissues were then incubated with biotinylated
secondary antibody and avidin DH-biotinylated houseadish
peroxidase-H complex. The immunoreactivity was visualized with
3,3′-diaminobenzidine tetrachloride (DAB) of strept avidin biotin
complex kit (Boster) according to the manufacturer’s protocol.
The nuclei were counterstained with hematoxylin. Slices were
observed under microscopy and photographed (Olympus).

Fluorescence real-time quantitative PCR. Tumors of transgenic
mice with Dox treatment and normal cerebella of transgenic
mice without Dox treatment were used for gene expression
analysis by fluorescence real-time quantitative RT-PCR. The primers
were designed using PrimerExpress software and synthesized by
Sangon. The primers were: Gli1 (Forward: 5′CGT TTG AAG
GCT GTC GGA AGT3′; Reverse: 5′GGA CCT GCG GCT
GAC TGT GT3′), Gli2 (Forward: 5′CAC AGG GCG GGC ACA
AGA T3′; Reverse: 5′GGA GGG CAG TGT CAA GGA A3′),
Ptc1 (Forward: 5′GGA GGA GAA CAA GCA ACT3′; Reverse:
5′AAA GGG AAC TGA GCG TAC3′), β-cantenin (Forward:
5′TCT ACG CCA TCA CGA CAC3′; Reverse: 5′CAG ACA
GAC AGC ACC TTC3′), IGF-1R (Forward: 5′GCC TTG GTC
TCC TTG TCC TT3′; Reverse: 5′CTC TGG CGT CCC TTG
GTT3′),IRS-1£¨Forward: 5′CCT GGA GTA TTA TGA GAA
CGA G3′; Reverse: 5′CGG CAA TGG CAA AGT GT3′) Math1
(Forward: 5′CAG GGT GAG CTG GTA AGG AGA3′; Reverse:
5′CGT TGT TGA AGG ACG GGA TAA3′). Total RNA was
isolated with TRIzol reagent (Invitrogen) according to the
manufacturer’s instruction. First strand cDNA was synthesized
using M-MLV Reverse Transcriptase (Invitrogen). glyceraldehyde-
3-phosphate dehydrogenase (Forward: 5′TCA ACG ACC CCT
TCA TTG AC3′; Reverse: 5′ATG CAG GGA TGA TGT TCT
GG3′) was used as a reference gene. We used three mice with
tumors and three normal mice for each experiment and repeated
the experiment three times. The relative gene expression levels
were calculated and presented with 2–∆∆Ct values.(30)

Double immunoflurescence staining. Primary cultured cells from
tumor tissue were incubated on glass slides without Dox
treatment. After being rinsed with phosphate-buffered saline
(PBS), the cells were fixed with cold acetone for 10 min. The
slides were blocked with goat serum for 15 min. The slides were
incubated with anti-SV40 T antigen monoclonal antibody (Santa
Cruz Biotechnology Inc.) at a dilution of 1:500 for 3 h at

37°C. The slides were washed three times with PBS, incubated
with secondary antibody conjugated with CY3 anti-mouse
immunoglobulin G (IgG) (Chemicon) at a dilution of 1:1000 for
1 h at 37°C in a dark and humidified atmosphere. The slides were
washed three times with PBS and treated with anti-IRS-1
monoclonal antibody (Upstate) at a dilution of 1:500 for 2 h at
37°C. The slides were washed three times with PBS, and then
incubated with secondary antibody conjugated with fluorescein
isothiocyanate (FITC) anti-rabbit IgG (Santa Cruz Biotechnology
Inc.) for 1 h at 37°C in a dark and humidified atmosphere. The
stained cells were washed three times with PBS and observed
under a Leica DMIL fluorescence microscope.

Immunoprecipitation and western blotting analyses. The brain
tumors of transgenic mice with Dox treatment and the normal
cerebella of transgenic mice without Dox treatment were lysed
in the RIPA buffer (20 mM Tris (pH 7.5), 150 mM NaCl, 1% Triton
X-100, 10 mM sodium pyrophosphate, 3 mM β-glcerophosphate,
5 mM ethylenediaminetetraacetic acid (EDTA), 1 mM NaVO4,
10 µg/mL leupeptin and 1 mM phenylmethanesulfonyl fluoride).
After centrifugation at 12 000g for 10 min at 4°C, the protein in
the upper lysate was transferred to a 1.5-mL microcentrifuge tube
on ice. One hundred microliters of rabbit serum and 20 µL of
protein A-Agarose (Santa Cruz Biotechnology Inc.) were added
to each mL of the lysate. The mixture was incubated at 4°C
overnight. After centrifugation at 2500g for 5 min at 4°C, the
upper lysate was transferred to a fresh 1.5-mL microcentrifuge
tube. Ten microliters of anti-SV40 T antigen monoclonal antibody
(Santa Cruz Biotechnology Inc.), anti-IRS-1 monoclonal antibody
(Upstate) and 20 µL of protein A-Agarose were added to the
mixture and incubated overnight at 4°C. The immunoprecipitates
were collected by centrifugation at 2500g for 5 min at 4°C. After
being washed four times with RIPA buffer, the immunoprecipitates
were boiled in a water bath for 5 min with sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS PAGE) gel loading
buffer. The proteins were separated on 7.5% PAGE and electro-
transferred onto nitrocellulose membrane. After blocking with
TBST (10 mM Tris-HCl, pH 7.5, 100 mM NaCl, 0.1% Tween-20)
containing 5% non-fat milk, the membrane was incubated with
a primary antibody at 37°C for 2 h. The membrane was washed
three times with TBST, and incubated with secondary antibody
(1:2000 diluted in TBST containing 5% bovine serum albumin)
at 37°C for 1 h. After three washes with TBST, the membrane
was developed using the ECL chemiluminiscene kit (Amersham).
A pre-stained molecular weight marker was used to show the
size of the protein (Fermentas).

Results

Generation of double transgenic mice. Polymerase chain reaction
and Southern blot analysis showed that three founder mice
carrying the pTRE-SV40Tag and pTet-on double transgenes
were generated (Fig. 1). The double-transgenic founder mice
were bred with normal FVB mice, and the pups were genotyped
for transmission of the transgene. Two mice, one male and
one female, were bred successfully and used to establish the
lineages designated pTRE-SV40Tag/pTet-on 123 (line 123) and
pTRE-SV40Tag/pTet-on 144 (line 144).

Doxycycline hydrochloride induction of brain tumor in the transgenic
mice. Twenty-four transgenic pups, 12 male and 12 female, from
lineage 123 were generated. After 2 months of induction with
Dox, 22 (10 male and 12 female) of these mice became moribund
and showed clear evidence of ridgy cranium. Complete necro-
psies were carried out on the founder and six moribund
progenies. Each mouse had a brain tumor as shown in Fig. 2(a).
The tumors tended to spread along the surface of the cerebellar
cortex and often grew outward as exophytic masses invading the
brain (Fig. 2b). To examine whether the transgene has been
expressed in the tumor, we carried out RT-PCR for SV40Tag.
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Our result showed that a SV40Tag specific 272 bp PCR product
was generated from the tumor cDNA (Fig. 3). Furthermore,
immunohistochemical analysis demonstrated that SV40Tag
protein was expressed in the tumor of the transgenic mice (Fig. 4).
Without the administration of Dox, few of the transgenic mice
developed brain tumor after 12 months of age.

Histological and immunohistochemistry analysis of the brain tumor.
The brain tumor exhibited closely packed, round to oval embryonal
cells with scant cytoplasm that closely resembled human

medulloblastoma (Fig. 2c). Histological and immunohistochemistry
analyses were carried out to further characterize the brain tumor.
The tumor sections were stained with markers of glia (GFAP;
Fig. 4a), neuronal cells (S100.β; Fig. 4b), primitive neuroepithelial
cells and embryonal tumors (intermediate filament nestin;
Fig. 4c). Our results demonstrated that all the molecular markers
were positive in the brain tumor, suggesting that the tumor
maintained the characterizations of divergent neuroectodermal
differentiation and medulloblasoma.

Involvement of insulin and IGF pathways in the brain tumor. It has
been reported that granule cells could be the cells of origin for
medullublastoma.(2) The external germinal layer of the cerebellum
is missing in Math1-null embryos, implying that Math1 expression
is required for granule cell genesis.(31) Therefore, we carried out
quantitative real-time RT-PCR to examine the expression of the
known germinal granule cell marker Math1 in brain tumors.
Indeed, our results showed that the expression of Math1 was
significantly induced in the brain tumors of transgenic mice (Fig. 5).

A number of signal pathways have been implied in the
participation of tumor genesis. Therefore, we examined the
expression of genes associated with insulin, IGF, sonic hedgehog
signaling and wnt pathways. Interestingly, our results demonstrated
that the expression levels of IGF-IR and IRS-1 were increased
in brain tumors (Fig. 5). The expression of genes involved in
sonic hedgehog and wnt signaling pathways, such as Shh, Gli1,
Gli2 and β-cantenin, did not show any change in brain tumors
(data not shown).

Interaction of SV40Tag and IRS-1 in the brain tumor. It has been
reported that SV40Tag formed a complex with IRS-1 in R-
cells.(16) Thus, we have asked the question: does the induction of
SV40Tag expression participate in the protein–protein interaction
with IRS-1? Immunoprecipitation and Western blot analyses
were carried out to examine the possibility. First, we used anti-
SV40Tag antibody for the immunoprecipitaion, followed by
blotting with anti-IRS-1 antibody. Figure 6 shows that IRS-1
was coprecipitated with SV40Tag. Next, we carried out the
immunoprecipitation assay with IRS-1 antibody and Western
blot with anti-SV40Tag antibody. The results further confirmed
that SV40Tag and IRS-1 were coimmunoprecipitated, suggesting
that they formed a complex in the brain tumor (Fig. 6).

Colocalization of IRS-1 and SV40Tag in the nucleus. Insulin receptor
substrate I is the major cytoplasmic component of the insulin
and IGF-I signaling pathways.(32) We have examined the cellular
distribution of IRS-1 in brain tumors. Double staining of IRS-1
and SV40Tag was carried out to detect the colocalization of
these two proteins in the brain tumor. IRS-1 antibody with green
fluorescence and anti-SV40 T-antigen antibody labeled with
red fluorescence were used for the experiment. We found
that SV40Tag was exclusively distributed in the nucleus
(Fig. 7c). Interestingly, the cells showed a predominant nuclear

Fig. 1. Genotype of the inducible Simian virus 40 T-antigen (SV40Tag) transgenic mice. (a) Polymerase chain reaction (PCR) analysis of the
transgenic mice. PCR was carried out as described in Materials and Methods. M, DL 2000 DNA marker; 74, Founder mice 74 genomic DNA showed
two PCR bands for SV40Tag and Tet-on. 80, Founder mice 80 genomic DNA showed a single PCR band for Tet-on; 123, Founder mice 123 genomic
DNA showed two PCR bands for SV40Tag and Tet-on; 144, Founder mice 144 genomic DNA showed two PCR bands for SV40Tag and Tet-on. (b)
Southern blot analysis of the transgenic mice. 74, Founder mice 74 genomic DNA showed two bands for SV40Tag and Tet-on; 80, Founder mice
80 genomic DNA showed a single band for Tet-on; 123, Founder mice 123 genomic DNA showed two bands for SV40Tag and Tet-on; 144, Founder
mice 144 genomic DNA showed two bands for SV40Tag and Tet-on.

Fig. 2. Morphology analysis of the brain tumor and tumor cells. Brains
from 6 month old male normal or transgenic mice were dissected. Cells
were stained with the hematoxylin and eosin staining method as
described in the Materials and Methods. (a) Normal brain (left) and
brain with the tumor from the transgenic mouse (right). (b) Brain slice
shows both normal and tumor cells after HE staining (100 ×). (c) Brain
slice shows tumor cells after HE staining (200 ×).
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and much less cytoplasmic immunostaining for IRS-1 (Fig. 7b).
Figure 7(d) shows the merged picture of the colocalization of
IRS-1 and SV40Tag.

Discussion

Simian virus 40 is a member of the polyoma family with a
double-stranded DNA genome.(33) It has been reported that
SV40 had tumorigenic activity in rodents and could transform
many types of cells(34–37) including human fetal tissues, newborn
human kidney cells, and various human tumor cell lines.(38,39)

The virus has been detected by PCR and DNA sequence analysis
in human tumors.(40–43) SV40Tag is a multifunctional regulatory
protein that can bind and inactivate with several tumor suppressor
genes, including p53(33,44) and the retinoblastoma (Rb) family of
proteins.(14) A number of transgenic mouse models expressing
SV40Tag have been reported.(19–24) For example, it has been
reported that SV40Tag transgenic mice showed hepatocellular

carcinoma development from confluent hyperplasia.(20) Mice
expressing SV40Tag with the intestinal trefoil factor promoter
developed tumor in the colon.(21) Interestingly, ovarian specific
promoter (OSP)-Tag mice developed tumors in a variety of
tissues, although the expression of Tag that controlled by the
OSP-1 promoter occurred predominantly in the ovary.(22) The
C31/SV40 T-antigen transgenic mice of mammary cancer
provided a useful model for studies on tumor development and
apoptosis.(23,25,45–47) These SV40Tag transgenic mice were
generated in such a way that the transgene was under the control
of a tissue-specific promoter. We have generated an inducible
SV40Tag transgenic mouse model with a cytomegalovirus
promoter. After tetracycline induction, SV40Tag mice developed
tumors in a variety of tissues, including the pancreas and brain.
In this report, we have focused on the brain tumor, which was
located between the cross of the cerebrum and cerebellum.
Histological analysis demonstrated that the tumor consisted of
densely packed tumor cells, which were round to oval or

Fig. 3. Analysis of the Simian virus 40 T-antigen
(SV40Tag) mRNA in the brain tumor. Reverse
transcription-polymerase chain reaction (RT-PCR)
was carried out to detect the expression of
SV40Tag in the brain tumor (a) and other tissues
(b). Mark, DL-2000 DNA Marker; Blank, PCR
reaction without RNA template; Tumor, PCR
reaction with RNA from the tumor tissue; –Dox,
without doxycycline hydrochloride (Dox)
administration; +Dox, with Dox administration.

Fig. 4. Immunohistochemistry analysis of Simian
virus 40 T-antigen (SV40Tag) and tumor markers
in the brain tumor. Immunohistochemistry analysis
was carried out as described in Materials and
Methods. Antibodies against GFAP, S100-β, NSE
and SV40Tag were used for the experiment. a,
GFAP; b, S100-β; c, NSE; d, SV40Tag.
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carrot-like in shape. It also showed hyperchromatic nucleus
with scanty cytoplasm and high mitotic phenotypes. These
characteristics strongly suggest that the brain tumor is similar to
human medulloblastoma.

Human medulloblastoma is thought to arise from granule cell
precursors in the external germinal layer (EGL) of the developing
cerebellum.(48) Since Math1 is a known molecular marker for
granule cell precursors, we examined the expression of this gene
in the brain tumor. Indeed, Math1 was found to be highly
expressed in the tumor, suggesting that it might be developed
from the granule cell precursors of the cerebellum. Another
characteristic of human medulloblastoma is that the brain tumor
shows both glial differentiation and neuronal differentiation.(49)

Interestingly, our immunohistochemistry experiment showed
that the markers of both glial and neuronal cells were highly
expressed in the brain tumor. Taken together, these results
further confirmed that the brain tumor of the inducible SV40Tag

transgenic mouse represented an animal model of human
medulloblastoma.

Brain tumors are the second most common cancers in children.(50)

Medulloblastoma is one of five embryonic tumors in the central
nervous system. Several cell-signaling pathways have been
implicated in tumor formation and development, including
WNT, SHH and IGF-1R pathways.(10,51) Therefore, we examined
the expression of a number of genes associated with these signal
pathways. Surprisingly, the expression levels of Shh, Gli1, and
Gli2 in the sonic hedgehog (SHH) signaling pathway as well as
β-cantenin in the WNT pathway did not show any significant
changes in the brain tumor. It is possible that different pathways
were involved in the brain tumor of the transgenic animal model
compared with the human medulloblastoma. On the other hand,
the expression levels of a number of genes related to the insulin
and IGF pathways, such as IGF-IR, IGF-II and IRS-1, showed
significant changes in the brain tumor.

Insulin receptor substrate I is a crucial signaling molecule in
both insulin and IGF-1R signaling pathways. It played essential
roles for IGF-1-mediated cell proliferation.(52,53) R-cells are 3T3-
like fibroblasts derived from mouse embryos with a targeted
disruption of the IGF-I receptor gene. It has been shown that
cotransfection of IRS-1 and the SV40Tag in R-cells could induce
transformation. Furthermore, SV40Tag formed a complex with
IRS-1, which played a critical role in transforming R-cells.(15,16)

These results have prompted us to investigate a possible association
between IRS-1 and SV40Tag in the brain tumor of the transgenic
mouse model. Indeed, immunoprecipitation and Western blotting
analysis with anti-IRS-1 and anti-SV40Tag antibodies demonstrated
that these two proteins formed a complex in the brain tumor.

It is interesting to note that IRS-1 may carry out the transfor-
mation of cells by interacting with nucleolin and other nuclear
proteins.(54) Moreover, John Cunningham virus Tag, an antigen
from John Cunningham virus, could induce the translocation of
IRS-1 into nucleus.(55) Since SV40Tag interacted with IRS-1 in the
brain tumor, we hypothesized that IRS-1 may also be translocated
into the nucleus. To test this possibility, we carried out double
immunofluorescence staining analysis. Indeed, SV40Tag and

Fig. 5. The expression analysis of genes associated
with math1 and insulin-like growth factor (IGF)
pathway in the brain tumor. Quantitative real
time reverse transcription-polymerase chain
reaction (RT-PCR) was carried out as described in
the Materials and Methods. Normal (Dox–),
normal cerebella of transgenic mice without
doxycycline hydrochloride (Dox) treatment; Tumor
(Dox+), brain tumor of transgenic mice with Dox
treatment. IRS-1, insulin receptor substrate I. Fold
changes were calculated (2–∆∆Ct value) and paired
Student t-test are shown *P < 0.05; **P < 0.01.

Fig. 6. Simian virus 40 T-antigen (SV40Tag) and insulin receptor substrate
I (IRS-1) interaction analysis in the brain tumor. Immunoprecipitation
(IP) and Western blot analysis were carried out as described in the
Materials and Methods. Upper image, immunoprecipitation with an
anti SV40Tag antibody followed by blotting with IRS-1 antibody; lower
image, immunoprecipitation with an anti IRS-1 antibody followed by
blotting with SV40Tag antibody; lane 1, IP followed by Western blot
using tumor tissue from transgenic mice with doxycycline hydrochloride
(Dox) treatment; lane 2, IP followed by Western blot using the normal
cerebella from transgenic mice without Dox treatment; lane 3, negative
control with a normal immunoglobulin G (IgG).
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IRS-1 were colocalized in the nucleus in the primary cultured
tumor cells.

In summary, the brain tumor from the inducible SV40Tag
transgenic mice showed the induction of gene expression in
insulin and IGF pathways. More importantly, SV40Tag and
IRS-1 formed a complex and was translocated into the nucleus
in the brain tumor. The IRS-1 signaling may lead to the activation
of downstream signaling and facilitate the transformation of the
cells in the brain. Although the etiology of medulloblastomas
has not been clearly elucidated, our results provide clues that the

activation of the IGF-1R signaling pathway could play an
important role for tumor genesis and development.
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