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Summary

In children, the majority of brain tumors arise in the cerebellum. Medulloblastomas, the most common of these, are
believed to originate from the granule cell lineage. We have recently identified a mammalian gene, capicua (Cic), the
ortholog of a Drosophila gene implicated in c-erbB (Egfr) signaling, which is predominantly expressed during mouse
granule cell development. Its expression in medulloblastoma is therefore of particular interest. In the present study
the expression of human CIC in medulloblastoma was analyzed. In silico SAGE analysis demonstrated that
medulloblastomas exhibited the highest level of CIC expression and expression was most common in tumors of the
CNS in general. RT-PCR and in situ hybridization verified the expression of CIC in tumor cells, although the level
of expression varied between different medulloblastoma subtypes. The expression of CIC did not correlate with
other markers, such as neurofilament, GFAP and Mib-1. In postnatally developing cerebellum, in silico analysis and
in situ hybridization both indicated a strong correlation between Cic expression and the maturation profile of
cerebellar granule cell precursors. Expression of CIC is therefore a feature shared between immature granule cells
and the tumors derived from them. Cic has been implicated as a mediator of ErbB signaling and this pathway has
been associated with a poor prognosis for medulloblastomas. Therefore, further analysis of the role of Cic is likely
to provide valuable insight into the biology of these tumors. Additionally, study of genes such as CIC should
provide objective criteria by which, in combination with other markers and clinical data, to categorize these tumors

into subgroups that might allow better allocation into specific treatment regimes.

Introduction

Primitive neuroectodermal tumors (PNETs) are a class
of pediatric brain tumor composed of immature neural
precursor cells and, in some cases, more mature neuro-
nal cell types [1]. PNETs represent a wide range of tu-
mors, composed of neuronal cells, astrocytes,
oligodendrocytes, ependymal cells, other cell types
(melanocytic and mesenchymal) and mixed cellular ele-
ments [2]. These PNETSs occur in many locations in the
CNS but most frequently arise in the cerebellum in
which they are commonly referred to as medulloblas-
tomas. Medulloblastomas constitute approximately
20% of brain tumors in children [3,4]. The tumors are
believed to originate from cerebellar granule cell pre-
cursors that become transformed and fail to undergo
normal differentiation [5]. However, alternative cells of
origin have been suggested, which include the sube-
pendymal cells of the medullary velum region and pos-
sibly even the internal granule cell layer [6].
Medulloblastomas are broadly classified into two sub-
types: classical and desmoplastic [7]. In classical
medulloblastoma, tumor cells have a high nuclear
cytoplasmic ratio and are associated with marked nu-
clear polymorphism and high mitotic activity. Desmo-
plastic medulloblastoma shows nodular, reticulin-free
zones (known as ‘pale islands’ containing more differ-
entiated cells) surrounded by densely packed, highly

proliferative cells that produce a dense intercellular
reticulin fiber network [7]. Recent studies reclassified
these medulloblastomas and two more tumor variants,
the ‘medulloblastoma with extensive nodularity and
advanced neuronal differentiation’ [8] and ‘large cell
medulloblastoma’ [9], were added. These tumor sub-
types show different histological characteristics and
malignant levels, however more molecular markers that
indicate the cellular composition and tumor biology are
needed for better classification and treatment planning.

It has been shown that neoplastic cells in these tumors
recapitulate stages in maturation of normal human
neuroblasts, therefore embryological studies of the ear-
liest events in the development of the cerebellum may
provide useful information about the molecular behav-
ior of the tumor. Transcription factors such as Sox
proteins, involved in cerebellar development, have been
found to be highly expressed in medulloblastomas [10—
12]. Significant SO X4 and SOX11 expression in classical
medulloblastomas particularly reflects their maturation-
dependent expression in normal cerebellar development
[11]. The expression patterns of these developmentally
regulated genes thus provide an indicator of cellular
maturation.

We have previously identified the mammalian ortho-
log of a Drosophila gene, capicua (Cic), containing an
HMG box that encodes an HMG domain most similar
to that found in the Sox genes [13]. Drosophila Cic has
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previously been shown to mediate c-erbB (Egfr) signal-
ing via transcriptional repression [14,15]. This pathway
has also been implicated in human medulloblastoma
biology, where high levels of ERBB2 and ERBB4 cor-
relate with poor prognosis [16,17]. Drugs that block
ErbB signaling are now entering clinical trials [18]. Like
several Sox genes, Cic is also predominantly expressed
in the developing cerebellum [13]. Thus, analysis of Cic
in medulloblastoma could provide valuable insight into
the mechanism of ErbB signaling and provide a poten-
tial therapeutic target for selective modification of ErbB
signaling. In this study, we analyzed the CIC expression
in human medulloblastomas. In silico expression anal-
ysis demonstrated a highest CIC representation in
medulloblastomas. In situ hybridization and RT-PCR
showed that CIC was differentially expressed between
various subtypes of medulloblastomas. The expression
of CIC did not match that of the markers, neurofila-
ment, GFAP and Mib-1 (Ki-67). The expression pat-
terns of CIC and other markers suggest a complexity of
cell composition and maturation levels in these tumors,
consistent with the previous observation [19]. During
post-natal cerebellum development, in silico analysis and
in situ hybridization both indicated a strong correlation
between Cic expression and the maturation profile of
cerebellar granule cell precursors, reflecting the cellular
composition and maturation of medulloblastoma. More
comprehensive expression analysis of genes or markers
involved in normal CNS development is in particular
helpful for characterization of tumor biology as well as
tumor classification.

Materials and methods
In silico serial analysis of gene expression (SAGE)

Serial analysis of gene expression (SAGE), described by
Velculescu et al. [20] is based on the principle that a tag (a
9-10 nt nucleotide sequence) can uniquely identify a
transcript, if the position of the sequence within it is
known. The gene expression levels in different tissues can
be estimated by the frequency of its tag numbers in the
libraries derived from those tissues [21]. Data of 250 hu-
man and 40 mouse SAGE libraries derived from a num-
ber of normal and diseased tissues has been constructed
and published in the weekly updated SAGEmap website
(http://www.ncbi.nlm.nih.gov/SAGE/). We thus used the
searching programs provided on this website to carry out
anintact 3’ end sequence-based query mechanism into the
experimentally derived SAGE library data and the SAGE
gene to tag mapping by the UniGene clusters (human
CIC: Hs.388236 using the reliable tag 5-TGCAAT-
ATTT-3"; mouse Cic: Mm.28833 using the reliable tag 5'-
TGCAATATTT-3). Cic expression in normal and tumor
SAGE libraries was then calculated and compared by the
occurrence of Cic-specific tags in these libraries.

Tumor samples and cell lines

Twelve tumor samples from patients with diagnosed
medulloblastoma were obtained from the Department

of Pathology, Queens Medical Centre. This study was
carried out with the Hospital approval. After histolog-
ical examination, samples were either immediately fixed
in formaldehyde and embedded in paraffin, or they were
snap frozen in liquid nitrogen and stored at —80 °C for
further RNA extraction. The pathological diagnosis was
based on the criteria of WHO histological classification
of CNS tumors [22]. cDNA from three medulloblastoma
cell lines, D283, TE671 and DAQY, (kindly provided by
Dr. Denise Sheer, ICRF, London [23]) were also ana-
lyzed. In situ hybridization and immunohistochemistry
were used to analyze the expression of CIC and other
markers. PCR was used to confirm data of in situ
hybridization and to test the gene expression in cell lines.

Polymerase Chain Reaction (PCR) analysis

PCR was performed using Qiagen® Taq DNA Poly-
merase with primer pairs CIC-F 5-CCCCTG
AAGAAGACCTTTGAC-3 and CIC-R 5-GCA
CTCTTGGGGGTGTTG-3'. Primers were designed
spanning the last three predicted exons to analyze CIC
expression. PCR conditions were: 1 cycle of 94 °C for
3 min; 40 cycle of 94 °C for 20 sec, 60 °C for 20 sec,
72 °C for 50 sec; 1 cycle of 72 °C for 3 min.

In situ hybridization

In situ hybridization was performed as described by Rex
et al. [24]. Wax embedded human tumor sections and
mouse cerebellum sections were dewaxed in Histolene
clearing agent (CellPath, UK), rehydrated, treated with
proteinase K (10 mg/ml pre-warmed to 37 °C) at room
temperature for 15 min and then fixed with 4% PFA.
The plasmid pAKIAA0306-Apal (containing a 764 bp
portion of the 3’ UTR of KIAA0306) subcloned from
the KIAA0306 clone and a mouse IMAGE EST clone
(GenBank AF363690) highly homologous to human
and mouse Cic were used as templates for digoxigenin-
labeled riboprobe synthesis (Gibco BRL). Slides were
incubated with anti-sense or sense (control) riboprobes
at 70 °C overnight, then washed and submerged in a 1/
5000 dilution of pre-absorbed sheep anti-digoxigenin-
alkaline phosphatase Fab fragments (Roche) and incu-
bated at 4 °C overnight. Alkaline phosphatase activity
was detected using 5-bromo-4-chloro-3-indolyl phos-
phate (X-phosphate) and nitroblue tetrazolium salt
(NBT).

Immunohistochemistry

Immunohistochemical analysis of the markers, neu-
rofilament, Glial fibrillary acidic protein (GFAP) and
Mib-1 (Ki-67), was performed on the sections after color
detection of the in situ hybridization signal. Slides were
blocked with 20% serum in PBS solution and then
incubated with primary antibody: anti-neurofilament
(Dako), anti-GFAP (Dako) and anti-Mib-1 (Dako), in
PBS with 5% serum in skimmed milk solution for 1-2 h.
A biotinylated secondary antibody (sheep anti-mouse,



Amersham) diluted in PBS with serum was then used
followed by alkaline phosphatase-conjugated streptavi-
din (Vector laboratories). Alkaline phosphatase activity
was detected using Fast Red (Sigma).

Results
SAGE analysis of CIC expression in human tissues

In silico SAGE analysis (see Materials and methods) was
performed to predict the expression profile of the human
CIC gene in normal and tumor tissues. The SAGE gene to
tag mapping program was used as previously described
[11]. The CIC transcript was identified in 165 of a total 250
human SAGE libraries (Figure 1(a)). The 165 CIC posi-
tive SAGE libraries included 10 (100%) of the normal
brain libraries, 57 (89%) of the brain tumor libraries, 50
(53%) of the non-brain normal libraries and 48 (58%) of
the non-brain tumor libraries. The 57 brain tumor li-
braries showing CIC expression were 23 (92%) of the
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medulloblastoma libraries, 10 (91%) of the ependymoma
libraries and 24 (86%) of the glial tumor libraries (Fig-
ure 1(a)).

Given the high CIC representation in the brain li-
braries, expression level of CIC in these tissues was
examined. The gene expression level was indicated by
the occurrence of its tag in SAGE libraries. These nor-
mal and malignant brain libraries contained variable
CIC tag numbers and the highest expression of CIC in
medulloblastomas was of particular interest (Fig-
ure 1(b)). We investigated CIC expression between 25
medulloblastoma and 10 normal brain SAGE libraries.
CIC expression among medulloblastoma and normal
brain libraries was dramatically variable (tag counts
between ~0 and 227 per million) (Figure 1(c)). Medul-
loblastoma libraries exhibited highest levels of CIC
expression, with 8 out of 25 libraries exhibiting higher
levels than the highest level seen in a normal brain
library (Figure 1(c)). Among 25 medulloblastoma
libraries, the CIC tag count was highest (227 tags per
million) in medulloblastoma B 98 05 P608, but absent in
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Figure 1. Human CIC representation in SAGE libraries. The on-line SAGE gene-to-tag program at the NCBI SAGEmap website was used to
predict the expression profile of human CIC. The CIC UniGene cluster number, Hs.388236, and its reliable tag, S-TGCAATATTT-3', were
entered into the program. (a) CIC transcripts were detected in 165 of 250 SAGE libraries derived from various tissues (different classes by colors).
Speckles indicate the libraries containing CIC specific tags. Numbers represent the number of libraries in each category. Among the human CIC
positive libraries shown, 67 are from neoplastic or normal brains (i.e. 24 from glial tumors (GT), 10 from ependymoma (EM), 23 from
medulloblastoma (MB) and 10 from normal brain (N)). (b) The expression level of CIC in 67 brain SAGE libraries is indicated by occurrence rate
of the gene-specific tags in libraries. Each bar represents the average occurrence rate of CIC tags in the libraries derived from each tissue (also
shown as numbers on the top of bars). The 10 normal brain libraries showing the CIC expression include 9 from adult and 1 from fetus. (c) CIC
expression profile between 25 medulloblastomas and 10 normal brains. The names of SAGE libraries are also shown. More information about
these libraries can be found at the SAGEmap website (http://www.ncbi.nlm.nih.gov/SAGE/index.cgi?cmd = printstats). GT, glial tumors; EM,
ependymoma; MB, medulloblastoma; N, normal brain in (a) or normal adult brain in (b) and (c); F, fetal brain.
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medulloblastoma B 97 05 P015 and Duke H341 (Fig-
ure 1(c)). A high CIC tag count was also observed in
some normal brain libraries, particularly in Duke BB542
normal cerebellum (84 per million), derived from greater
than 95% cerebellar whitematter, i.e. mostly glial cell
types. Consistent with our previous observation of sig-
nificant mouse Cic expression in the developing brain
[13], SAGE analysis also indicated that human CIC was
expressed in a fetal brain library, fetal normal B SI
(Figure 1(b and c¢)).

Human CIC expression in tumors

In order to verify the expression of CIC in medullo-
blastomas, we used RT-PCR to analyze the expression
of CIC in three cell lines derived from medulloblasto-
mas, D283 (metastatic medulloblastoma), TE671 (sub-
line No.2) and DAOY (desmoplastic cerebellar
medulloblastoma). All cell lines examined gave positive
signals, with the strongest expression in D283 and
DAOY cells (Figure 2).

To gain more detailed information about the nature
of CIC expression, we analyzed CIC expression in var-
ious subtypes of medulloblastomas using non-isotopic in
situ hybridization. Of the 12 tumors examined, 8 were
classified as classical medulloblastoma (CMB), 3 as
desmoplastic medulloblastoma (DMB), and 1 as
medulloblastoma  with  desmoplastic components
(MDC, mostly CMB appearance with some typical foci
of DMB) according to the WHO classification of brain
tumors [16]. In situ hybridization using anti-sense RNA
probes derived from the 3’-UTR region of CIC revealed
that 9 of 12 tumors were positive for CIC expression
(Table 1). The 9 CIC expressing tumors included all (3)
DMBs and 6 CMBs. No expression was detected in the
MDC. The CIC expressing tumors showed highly vari-
able CIC expression pattern (Figure 3). For instance, in
one tumor, PN17, punctuate C/C expression was found
in a small area (Figure 3(b)). In another tumor, PN14,
CIC was strongly and widely expressed (Figure 3(c)).
Even within the same tumor, such as in PN22 and in
PN28, CIC showed differential expression levels in
various regions (Figure 3(a and d)). These data together
with the differential CIC expression profiles between
medulloblastomas detected by in silico SAGE analysis

=0
g E
R~
g9
S o
UU
o =
—_— = 2
on o~ B =
M.GO,;%
am< 8 3
OO0 & &

crc EXETIl <230
ki)l ~ = - |

Figure 2. RT-PCR analysis showing human CIC expression. All three
medulloblastoma cell lines (D283, TE671 and DAQOY) showed CIC
expression (upper panel). G3PDH gene expression was used as a
control for RNA quality and quantity (lower panel). Reactions lacking
c¢DNA and using DNA from KIAA0306 cDNA clone were performed
as negative and positive controls, respectively. The authenticity of the
PCR products was verified by sequencing the RT-PCR product
from D283.

demonstrate a significant difference of cellular compo-
sition and maturation level between these tumors, con-
sistent with the previous observation [19]. No staining
was observed when a sense control probe was used (data
not shown).

Comparison of the expression of CIC and other markers

Histological tumor samples were analyzed immunohis-
tochemically using a neuronal marker (neurofilament), a
glial marker (GFAP) and a proliferation marker (Mib-1)
to characterize the cell types and the cellular maturation
within the CIC positive regions. The expression pattern
of these markers in tumors was compared to that of the
CIC gene. Neurofilament (NF) proteins in embryonic
CNS cells are a specific indicator of commitment to the
neuronal lineage and are used to identify neuronal dif-
ferentiation in tumors. Using an antibody recognizing
total NF proteins, we found that a number of our
medulloblastoma samples were NF positive (Table 1).
In some NF expressing tumors, CIC expression was also
detected, however, with different spatial expression
patterns (Figure 4(a)). The regions with strong NF sig-
nals showed little or no CIC expression, whereas within
the CIC positive regions very weak or no NF expression
was detected (Figure 4(a)). It seems that CIC was ex-
pressed in a reciprocal pattern to NF reflecting areas of
relatively undifferentiated cells. GFAP is involved in
glial differentiation. Like NF, GFAP was found to be
expressed in many of our medulloblastoma samples
(Table 1). Within the same tumor section, only a small
population of GFAP positive cells showed CIC expres-
sion (Figure 4(b)). Mib-1 (Ki-67) is a commonly used
proliferative marker. Our result showed that the CIC
expressing regions contained Mib-1 negative cells and a
small number of Mib-1 positive cells (Figure 4(c)).
Therefore, CIC was expressed both in proliferating and
non-proliferating cells.

The comparative analysis of C/C and the markers, NF,
GFAP and Mib-1 indicated that, although CIC was

Table 1. Summary of CIC expression in 12 medulloblastomas

Sample no. Tumor type cic Other markers

PN14 CMB + Mib-1+, NF+,
GFAP+

PN17 CMB + Mib-1+, NF+,
GFAP +

PN25 CMB + GFAP +

PN22 CMB + Mib-1 +

PN31 CMB - ND

PN9 CMB - ND

PN28 CMB + GFAP+

PN29 CMB + ND

PN21 DMB + Mib-1-, GFAP +

PN32 DMB + ND

PN4 DMB + GFAP+

PN23 MDC - NF +

CMB, classical medulloblastoma; DMB, desmoplastic medulloblasto-
ma; MDC, mostly CMB appearance with some typical foci of DMB;
ND, not done. CIC expression was examined by in situ hybridization.
Expression of markers, such as Mib-1, neurofilament and GFAP, was
examined by immunohistochemistry.
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Figure 3. Human CIC expression in tumor sections. The CIC transcript was detected in blue by in siru hybridization. Panels a—d represent four
tumor samples PN22, PN17, PN14 and PN28, respectively, showing differential CIC expression. Scale bars represent 25 pum.

widely expressed in tumors as well as in normal brains (see
Results, SAGE analysis of CIC), its expression was pri-
marily in immature cells, including both proliferating and
post-mitotic cells. The variable expression patterns of
CIC and other markers in medulloblastomas also sug-
gested a wide range of cell composition in these tumors.

Cic expression in developing cerebellum

We have previously shown the predominant Cic expres-
sion in the post-natal immature cerebellum [13]. Given
that the Cic expression pattern during normal cerebellar
development may provide clues to the cell types and
maturation level of the CIC expressing cells in medullo-
blastoma, here we carried out a more detailed analysis of
the Cic expression in mouse developing and adult cere-
bellum using in silico SAGE analysis and in situ hybrid-
ization. In silico SAGE analysis revealed that Cic was
highly expressed in all (3) libraries derived from the mouse
post-natal day (P)8 primary cerebellar granule cell pre-
cursors (113-148 tags per million), the progenitor cells of
medulloblastoma (Figure 5(a)). Interestingly, a mouse
medulloblastoma also significantly expressed Cic (115
tags per million) (Figure 5(a)), consistent with its
expression found in the human tumor tissues (Fig-
ure 1(c)). The Cic-specific tag count decreased in the P23
cerebellum (51 tags per million) and was absent in the
adult whole brain library although a library from adult
hippocampus did include the Cic transcripts (32 tags per
million) (Figure 5(a)). Expression in mouse adult cere-
bellum was not analyzed by SAGE due to lack of the
library data derived from that tissue in the database. In
situ hybridization was performed using mouse dissected
cerebellum tissues from P3, P7, P15 and adult. Cic
expression was weakly detected at P3, strongest at P7,
weaker again at P15, and then dramatically decreased by
adult, accompanied by a migrating pattern from external

granular layer (EGL) into the internal granular layer
(IGL) (Figure 5(b)). These data suggest that the high Cic
representation in medulloblastomas might reflect the
immature state of the cells.

Discussion

Medulloblastoma, a pediatric brain tumor, is
believed to originate from the undifferentiated cerebellar
external granule layer [5]. Studies have shown that a
number of genes involved in normal granule cell devel-
opment are also expressed in medulloblastomas and
may reflect the malignant potential of medulloblastomas
[25,26]. The expression analysis of these genes in tumors
could thus help gaining understanding of tumor biology.
In this study, in silico SAGE analysis, RT-PCR and in
situ hybridization all demonstrated CIC expression in
medulloblastoma. The expression of this gene, pre-
dominantly expressed in immature granule cells [13],
provides further evidence that this cell type is the origin
of medulloblastoma. The expression pattern of CIC was
particularly variable in these tumors. Comparison with
other markers, such as NF, GFAP and Mib-1, shows
that CIC is expressed in immature cells including mitotic
and post-mitotic populations. CIC expression profile
may therefore indicate the cellular composition and cell
maturation level of medulloblastomas.

Several developmentally regulated HMG box proteins
have been implicated in malignancies. For instance,
HMGI/Y (HMGA) proteins are abundantly transcribed
in early embryonic and rapidly proliferating cells [27].
Dysregulation of HMGI/Y is involved in a variety of
benign tumors, such as uterine leiomyomas, endometrial
polyps, lipomas and pulmonary hamartomas [28]. The
other HMG box proteins, the TCF/LEF family, were
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Figure 4. Comparison of CIC expression with others markers, neu-
rofilament, GFAP and Mib-1, in medulloblastomas. CIC expression
was detected by in situ hybridization, while the expression of other
markers was analyzed by immunohistochemistry. (a) CIC (blue) and
neurofilament (red) expression in a medulloblastoma sample, PN14.
(b) CIC (blue) and GFAP (red) expression in a medulloblastoma
sample, PN28. Inserts in panels A and B show higher power view of
the boxed areas. (c) CIC (blue) and Mib-1 (red) in a medulloblastoma
sample, PN22. In panels A and B, scale bars represent 25 pm in inserts
and 100 pm in the low power views. Scale bar in panel C represents
10 pm.

found to associate with -catenin and act as components
in the Wnt signal transduction pathway [29,30]. This
pathway has been shown to play a central role in many
differentiation events during embryonic development
and in neoplastic transformation after aberrant activa-
tion of its components [29-33]. In the Wnt signaling
pathway, the APC protein forms a complex with GSK-
3 which targets f-catenin for degradation. Wnt sig-
naling inhibits the activity of GSK-3f resulting in an
increase in the cytoplasmic-free pool of fS-catenin and
translocation into the nucleus. The LEF-1/TCF may
mediate a nuclear response to Wnt signals by interacting
with f-catenin [34]. Interestingly, the transcriptional
activity of the TCF/f-catenin complexes is blocked by
the interaction of TCFs with transcriptional co-repres-

sors such as the TLE/Groucho family [29]. It has been
shown that the Drosophila Cic protein can interact with
Groucho and repress genes involved in Drosophila
development [14,15,35]. The Drosophila Cic interacts
with Groucho via its C-terminal region. This region is
conserved in the C. elegans, mouse and human ortho-
logs [13] and it therefore seems likely that this mode of
action might be conserved. In addition to the Wnt sig-
naling pathway, Cic—Groucho repression has been
shown to be involved in the receptor tyrosine kinase
(RTK) pathways. The Drosophila Cic—Groucho repres-
sion is regulated by two RTK pathways, Torso and c-
erbB (Efgr) signaling systems, which cause Cic protein
degradation and thus release the repression
[14,15,35,36]. Cic therefore works as a sensor for these
two RTK pathways that control early embryonic
development and morphogenesis [14,15,35]. Signaling
from RTKSs is transduced via a common Ras/Raf/
MAPK cascade to regulate the distinct downstream
targets. The degradation of Drosophila Cic may be
mediated via MAPK phosphorylation, consistent with
the presence of 14 consensus sites for MAPK phos-
phorylation [14,35]. Human and mouse Cic proteins also
contain 9 consensus MAPK phosphorylation sites. Like
their Drosophila ortholog, human and mouse proteins
may be post-translationally modified by MAPK and
their involvement in RTK signaling may be conserved.
Given the regulation of Cic at the post-translational
level, it appears likely that studies of protein levels will
be critical to determining a role for human CIC in these
cancers; to this end we are now developing antibodies
for its study.

In mammals, one of the RTKs, ErbB, has been
implicated in the cerebellar development and medullo-
blastoma tumorigenesis [37]. ErbB also interacts with f-
catenin in Wnt-mediated tumor progression suggesting
the crosstalk between ErbB and Wnt pathways in
malignancy [38]. Therefore, it will be very interesting to
investigate the correlation between the RTK-Cic—
Groucho pathway and Wnt signaling pathway, and the
possible mechanism in tumorigenesis. As a first step
towards this answer we have shown that mammalian Cic
does indeed physically interact with mammalian Grou-
cho orthologs (Chan et al., paper in preparation).

In conclusion, we have detected the differential
expression pattern of the human CIC gene in the dif-
ferent subtypes of medulloblastomas. Cic is predomi-
nantly expressed in granule cells and maturing neuronal
populations and appears to be tightly regulated during
the maturation of granule neurons. Its variable expres-
sion in medulloblastomas may therefore reflect the
complexity of tumor biology and, when combined with
the expression of other markers and clinical data, may
help to divide the tumors into the clinical subgroups.
This gene is of particular interest since it is involved in
two oncogenic signaling systems, the RTK (ErbB) and
Wnt pathways, which contribute to medulloblastoma
formation. Controlling the aberrant expression of these
pathways is one of the major current strategies for
identification of new treatments and improvements of
existing therapies. Drugs that inhibit ErbB signaling are
now entering phase I and II clinical trials for the treat-
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Figure 5. Mouse Cic expression in the developing brain. (a) The SAGE gene-to-tag program was used to predict the Cic expression in mouse
CNS libraries using the Cic UniGene cluster number, Mm.28833, and its reliable tag, 5-TGCAATATTT-3'. The expression in 4 developing
cerebellum (DC) libraries (GCP control, GCP+ SHH, P8 PGCP and P23 cerebellum), 1 cerebellar tumor (T), medulloblastoma (medullo 3871),
and 4 normal adult brain (AB) libraries (hippocampus:SAL, hippocampus:LAL, whole brain and somatosensory cortex) was analyzed. Numbers
on the top of bars represent the expression level of Cic in libraries (measured by gene-specific tag count per million). Significant Cic expression
was observed in all three P8 cerebellar granule cell precursor (GCP) libraries (GCP control, GCP + SHH and P8 PGCP) and medulloblastoma.
Information about these libraries can be found at http://www.ncbi.nlm.nih.gov/SAGE/index.cgi?cmd = printstats (b) Expression in the mouse
cerebellum is shown in blue at stages P3, P7, P15 and adult by in situ hybridization on sagittal sections. Cic was expressed in the cerebellum
throughout the post-natal development and at the adult stage, with strongest signal at P7. At P3, expression was predominantly in the external
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