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Dynamic expression of N-myc in mouse embryonic
development using an enhanced green fluorescent protein
reporter gene in the N-myc locus
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N-myc belongs to the Myc oncogene family and plays an essential role in mammalian embryonic development.
The expression of N-myc is dynamically regulated during embryonic development; however, its expression pat-
tern has not been well characterized due to the lack of a suitable animal model. In this paper, a genetically
modified mouse model was generated in which the enhanced green fluorescent protein (EGFP) coding
sequence was inserted into the N-myc locus, so that endogenous N-myc expression could be traced by the
signal of EGFP. The EGFP signal in the transgenic mouse was confirmed to be consistent with the expression
pattern of endogenous N-myc by fluorescence microscopy and immunohistochemical staining. Furthermore,
the spatial and temporal expression of EGFP was observed in the central and peripheral nervous system, heart,
lung and kidney, given the known indispensable role of N-myc in their formation. EGFP was also strongly
detected in the liver, paranephros and the epithelium of the intestine. The EGFP signal can be used to trace N-

myc expression in this transgenic mouse model. N-myc expression was observed in specific locations and cell
lineages, and dynamically changed during embryonic development. The changing N-myc expression pattern
seen in mouse embryonic development and the animal model described in this paper provide important insights
and a new tool to research N-myc function.
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Introduction

N-myc was first identified in human neuroblastoma in

1983 (Kohl et al. 1983; Schwab et al. 1983). It belongs

to the Myc family of transcription factors containing the

structural motif of basic helix-loop-helix (bHLH) that is

conserved in mammals. The N-myc gene encodes a

protein of 464 amino acids in humans and 462 amino

acids in mice. Mutations of the N-myc gene have been
implicated in causing Feingold Syndrome in humans

(Van Bokhoven et al. 2005). Homozygous N-myc

knockout mice die at embryonic day 11.5 (E11.5). The

significant morphological defects observed in multiple

organs of N-myc null mutant embryos suggest that it

plays a critical role in organogenesis during early embry-

onic development (Hurlin 2005; Cox et al. 2007). In
addition, conditional knockout of the N-myc gene in

neural stem cells (NSC) leads to severe growth retarda-

tion in mouse brain development, indicating that N-myc

may function in the proliferation of tissue stem cells

(Hurlin 2005; Mill et al. 2005; Van Bokhoven et al. 2005;

Zhao et al. 2008; Wey & Knoepfler 2010). Therefore, N-

myc protein regulates various biological processes in

embryonic development and tumorigenesis (Hurlin
2005; Kessler et al. 2009; Heine et al. 2010; Buechner

et al. 2011).

The complex function of N-myc in embryonic develop-

ment is highly dependent on regulation of its spatial and

temporal expression (Downs et al. 1989; Hirning et al.

1991; Stanton et al. 1992). Though N-myc expression

has been studied previously (Mugrauer & Ekblom 1991;

Stanton et al. 1992; Romand et al. 1994; Shimono
et al. 1999; Charron et al. 2002), an integral pattern of

N-myc expression during embryo development is still

not reported. Furthermore, although N-myc plays

important roles in some pathological conditions, such

as medulloblastoma, there is still a lack of a tool to

monitor the dynamic changes of N-myc during the
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pathological process. In this paper, a transgenic mouse
model was developed, in which the enhanced green fluo-

rescent protein (EGFP) coding sequence was inserted in

frame into the endogenous N-myc locus. Using this

model, dynamic N-myc expression during mouse embry-

onic development was studied by tracing the fluores-

cence of EGFP. This model also provides a powerful tool

to further monitor the role of N-myc in disease.

Materials and methods

Generation and characterization of N-mycEGFP Mice

Mice were raised in an SPF environment at 23 � 2°C,
with a relative humidity of 50–60% and under a 12:12

LD (light : dark) cycle. The generation and genotyping of

N-mycEGFP-Neo has been reported in our previous work
(Sun et al. 2012). Briefly, FLPe transgenic mice were

purchased from the Jackson Lab. N-mycEGFP-Neo mice

were intercrossed with FLPe transgenic mice to pro-

duce N-mycEGFP mice. These mice were then back-

crossed to C57BL/6J to generate the offspring with the

N-mycEGFP allele but without the FLPe allele. Genotypes

of N-mycEGFP-Neo and N-mycEGFP mice were identified

by polymerase chain reaction (PCR) analysis of genomic
DNA isolated from tail biopsies. PCR was performed

using the forward primer 5′-CGCCGCCGGGATCACT
CTCG-3′ and reverse primer 5′-AGGGATTAGGGCGG
GTCTCTTC-3′. The amplified DNA products of 2364

and 570 bp in length represented the genotype of

N-mycEGFP-Neo and N-mycEGFP, respectively. FLPe

genotyping was done using the following primers: F, 5′-
CACTGATATTGTAAGTAGTTTGC-3′ and R, 5′-CTAG
TGCGAAGTAGTGATCAGG-3′. Embryonic ages were

determined by timed mating with the day of the plug

defined as embryonic day 0.5 (E0.5). All animal study

protocols were reviewed and approved by the Institu-

tional Animal Care and Use Committee in the Shanghai

Research Center for Model Organisms.

Sample preparation and sectioning

Embryos were fixed in 4% paraformaldehyde overnight

at 4°C, then submerged in 25% sucrose twice per

24 h. The embryos were embedded in OCT medium

(Sakura Finetek, Japan) and cut into 10 lm sections.

The sections were washed with phosphate-buffered

saline (PBS), before EGFP was detected by fluores-

cence microscopy (Nikon 90i; Nikon, Japan).

Immunohistochemistry and counterstaining

The following immunohistochemistry reagents were

used: primary antibody rabbit anti-EGFP (1:800; Abcam,

UK), mouse anti-N-myc (1:100; Abcam); second anti-
body: biotin conjugated affinity purified goat anti-rabbit

IgG (1:1000; Rockland, Gilbertsville, PA, USA), biotin

conjugated affinity purified goat anti-mouse IgG (1:1000;

Rockland), Cy3-labeled Goat Anti-Mouse IgG (H+L)
(1:500; beyotime, China). The immunohistochemistry

staining was performed according to standard protocols.

The sections were counterstained with hematoxylin.

Fluorescence intensity analysis

Sections were stained with 4´6´-diamidino-2-phenylin-

dole dihydrochloride (DAPI) for 3 min, then washed

three times for 5 min each with PBS and mounted

with coverslips. Fluorescence images were captured

by a Nikon 90i fluorescence microscope and fluores-

cence intensity measured by the Nikon software. The
intensity of five different areas was randomly selected,

and the average reported.

Results

Generation of the N-mycEGFP mice

N-mycEGFP mouse model was developed from a previ-
ously described mouse model, N-mycEGFP-Neo(Sun

et al. 2012). The cassette of FRT-Pgk-Neo-FRT in N-

mycEGFP-Neo mouse was deleted by FLPe recombinase

(Fig. 1). In N-mycEGFP mouse model, the EGFP coding

sequence was fused in frame downstream of the first

nine nucleotides of the N-myc coding sequence. EGFP

expression was controlled by the N-myc locus and

could be used as a reporter for the expression of
N-myc.

To confirm whether the transgenic EGFP signal was

consistent with the endogenous N-myc expression pat-

tern, we compared the result of anti-N-myc antibody im-

munostaining with the signal of EGFP fluorescence. At

embryonic day 15.5 (E15.5), EGFP fluorescence could

be detected in the lens and retina (Fig. 2A, a, a′), and
the epithelial cells in the distal lung buds (Fig. 2B, b, b′).
The same expression pattern was shown by anti-N-myc

immunostaining (Fig. 2C–c′ and D–d′). Moreover, these

results were confirmed by the anti-EGFP antibody

(Fig. 2E–e′ and F–f′). To further confirm the localization

of EGFP and N-myc at the cell level, fluorescence co-

localization of N-myc and EGFP were performed at

E13.5d heart (Fig. 2G–g′′). EGFP and anti-N-myc anti-

body fluorescence were localized at the same cells. We
also investigated the expression of N-myc and EGFP in

other organs and found the two expression profiles were

coincident (data not shown). Thus, the signal of EGFP in

N-mycEGFP mouse was used as a marker of endoge-

nous N-myc expression.
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EGFP expression in N-mycEGFP mice embryos at

different developmental stages

Enhanced green fluorescent protein expression in

whole embryos was investigated from E9.5 to E17.5

using stereo fluorescence microscope. Generally, the

EGFP signal was distributed ubiquitously in early stage

embryos, before gradually localizing to specific

locations in later stages. The intensity of the EGFP flu-

orescence in whole embryos peaked at E13.5, before

declining. Specifically, EGFP was expressed ubiqui-
tously in whole embryos at E9.5. The signal in the first

and second branchial arches was the strongest,

followed by the forelimb bud. EGFP expression was

also detectable in the caudal somites, especially in

the 11th to 23rd somites (Fig. 3A). At E11.5, the EGFP

(A) (B)

Fig. 1. Generation of the N-mycEGFP mouse model. (A) Structures of wild type N-myc, N-mycEGFP-Neo and N-mycEGFP. In N-mycEGFP-Neo, a

TRE site and one loxp site were inserted into the first intron. The 3´ region of TRE insertion site in the first intron and 5´ region of ATG start

codon in the exon 2 were duplicated, and the enhanced green fluorescent protein (EGFP) cassette was fused into the N-myc exon 2 follow-

ing the ATG start codon of N-myc. Neo selection markers were flanked by FRT sites and another loxp site followed the 3´ FRT site. The

N-mycEGFP allele was generated by crossing N-mycEGFP-Neo mice with FLPe transgene mice. (B) Polymerase chain reaction (PCR) identifying

the genotype of N-mycEGFP-Neo and N-mycEGFP mice using primers (arrows in panel A). Primers yielded one fragment (2364 bp) in

N-mycEGFP-Neo mice and a fragment (570 bp) from N-mycEGFP mice.

(A) (a) (a′) (B) (b) (b′)

(C) (c) (c′) (D) (d) (d′)

(E) (e) (e′)

(G) (g) (g′) (g′′)

(F) (f) (f′)

Fig. 2. The endogenous N-myc expression pattern was consistent with the enhanced green fluorescent protein (EGFP) reporter expres-

sion. (A–a´) The EGFP expression was detected in the lens (len) and retina (ret) at E15.5. (B–b´) At E15.5, EGFP expression was found in

the epithelial cells (epi) in the distal lung buds. (C–c´and D–d´) Immunohistochemistry staining by N-myc antibody. Positive cells were also

detected in the lens, retina and epithelium in the lung at E15.5. (E–e´ and F–f´) Immunohistochemistry staining by EGFP antibody, the

positive regions in eye and lung were consistent with the N-myc. (G–g´´) EGFP and N-myc expression pattern in the E13.5d heart: G, 4´

6´-diamidino-2-phenylindole dihydrochloride (DAPI) stained cells in heart; g, EGFP expression in heart; g´, immunofluorescence staining

of N-myc expression cells in heart; g´´, the merged image of G, g and g´.
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expression in the branchial bars and forelimb bud was
still the strongest, and EGFP fluorescence could be

obviously detected in the hindlimb bud, lens vesicle, ear

vesicle, vena cardinalis anterior and rhombencephalon

(Fig. 3B). By E13.5, the regions with significant EGFP

expression were the eyes (mostly the lens) and cere-

brum (Fig. 3C). At E15.5 and E17.5, EGFP expression

was observed exclusively in the eyes and cerebrum

(Fig. 3D, E). In addition, a strong signal in developing
hair follicles at E13.5 and E15.5 was also detected.

EGFP expression in the nervous system of N-mycEGFP

mice

We further examined the locations and cell lineages

expressing N-myc in the nervous system, using fluo-

rescence microscopy and immunohistochemistry on
embryo sections. Embryonic day 13.5 was selected

as a critical time point since the fluorescence of the

whole embryo peak at this time. At E13.5, a ubiqui-

tous expression of EGFP was observed in the telen-

cephalon and a strong signal was also detected in

the mesencephalon (Fig. 4A–a′′), and the peripheral

cells of cerebellar primordium (Fig. 4B–b′′). The

expression of EGFP in the Colliculus ganglionaris
increased in a gradient with a higher level in the

peripheral cells (Fig. 4a, a′, a″). In addition, a robust

EGFP expression was detectable in some specific

locations, such as the ganglion Gasseri, plexus (pl),

optic nerve (opn), ductus cochlearis (dco) (Fig. 4C–c′′),
and the dorsal root ganglia (drg) (Fig. 4D–d′′). The

ductus cochlearis develops into the cochlea and ves-

tibular, indicating that N-myc may play a role in inner
ear development.

Enhanced green fluorescent protein expression was

also continuously detected during eye development.

The signal could be observed as early as E9.5, and a

robust expression of EGFP continued even after birth.

At E13.5, a strong EGFP fluorescence was present in

the lens, especially in the epithelium of the outer pole

of the lens, a region of mitotically active cells. A rela-
tively weak EGFP expression was also observed in the

retina (Fig. 5A–a′). At E15.5, a high level EGFP expres-

sion was still detectable in the lens and accumulated

in the differentiating lens fibers (Fig. 5B–b′). Despite

the relatively weak EGFP expression in the retina, a

robust EGFP fluorescence was observed in the post-

mitotic ganglion cell layer of retina. At E17.5, EGFP

expression level sharply decreased, and the expres-
sion was restricted to the peripheral of lens, a region

of differentiating lens fibers (Fig. 5C–c′).

(A) (a)

(B) (b)

(C) (c)

(D) (d)

(E) (e)

Fig. 3. Enhanced green fluorescent protein (EGFP) expression in

N-mycEGFP mouse embryos at different developmental stages.

(A) At E9.5, the highest EGFP expression level was observed in

the first and second branchial bars (1 and 2) and forelimb (fob).

The EGFP signal was strong in the 11th to 23rd (11–23), but weak

in the brain and eye vesicle (eyv). (B) At E11.5, the EGFP expres-

sion was robust in the first and second branchial bars, forelimb,

hindlimb (hib), tail (ta), ganglion Gasseri (gag), vena cardinalis

anterior (vca) and rhombencephalon with the fourth ventricle

(rh4). The EGFP level was weak in the mesencephalon (me). (C)

At E13.5, the high EGFP signal was found in the lens (le) of eye

and cerebrum (ce). EGFP signal was detectable in the ear vesicle

(eav) and declined in the limbs. (D–E) At E15.5 and 17.5, the

EGFP signal was weak, but detectable in the eye and cerebrum.

(a–e) The littermate wild-type (WT) mouse embryos served as the

negative control for the EGFP fluorescence.
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The EGFP expression in the N-mycEGFP mouse

non-nervous system

A robust EGFP expression was observed in the devel-

oping heart from E9.5, up to E14.5 when intensity of

EGFP declined sharply (data not shown). At E13.5, a

strong EGFP signal was detectable in the epicardium

and compact layer of the developing heart, while

weaker EGFP expression was observed in the endo-
cardium and trabeculae of the heart (Fig. 6A–a′′).
At E9.5 EGFP was detected in the liver rudiment

(data not shown), with expression uniformly throughout

the liver bud. This expression reached a peak at

E11.5. At E13.5, when the hematopoietic activity was

highest in the liver, the EGFP expression was detect-

able and the strongest positive cells were found near

by the portal vein (Fig. 6B′, b′, b″). Immunostaining
showed EGFP positive cells distributed in clusters

(Fig. 6b, b′′), with fewer positive cells by E15.5, though

still distributed along the portal vein.

In the area of developing lungs, a low level of EGFP

expression was detected as early as E9.5. The inten-

sity of EGFP fluorescence increased with development

and reached a peak at E13.5, before declining in par-

allel with the differentiation of lung. EGFP expression
was confined to the epithelial cells in the distal devel-

oping lung buds, mainly in the bronchus epithelium

from E11.5 to E17.5 (Fig. 6C–c′′).
In the development of fetal gut, EGFP expression

was very weak compared with that in the lung. Faint

EGFP expression was observed from E11.5 and no

signal was detected after E16.5. At E13.5, EGFP posi-

(A) (A′) (a) (a′) (a′′)

(B) (B′) (b) (b′) (b′′)

(C) (C′) (c) (c′) (c′′)

(D) (D′) (d) (d′) (d′′)

(E) (E′) (e) (e′) (e′′)

Fig. 4. Enhanced green fluorescent protein (EGFP) expression pattern in the nervous system at E13.5. (A–c´´) EGFP fluorescence and

immunohistochemistry staining for EGFP in the brain. (A–a´´) EGFP expression was detected in the forebrain (fbr), colliculus ganglionaris

(cog) and ventriculus lateralis (vel). (B–b´´) In the cerebellar primordium (cep), corner (cor) and mesencephalon (mec), EGFP positive signals

were detected. (C–c´´) EGFP was expressed in the ganglion Gasseri (gag), plexus (pl), optic nerve (opn) and ductus cochlearis (dco). (D–d´´)

EGFP was expressed in the dorsal root ganglia (drg). (E–e´´) EGFP expression pattern in the eye. Immunostaining for EGFP showed its pres-

ence in the lens (le), lens epithelium (lep), retina (ret) and corneal epithelium (ce). The black boundary was pigment epithelium (pi). The blood

cells or vessel between the lens and retina is indicated with blue arrow heads. Scale bars are present in the A–a´´.
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tive cells were detected in the muscular layer of devel-

oping gut, concentrated at the edge of mesenchyme

(Fig. 6D, D′). A relatively weak EGFP signal was also

detectable in the endodermal gut epithelium (Fig. 6D′).
Immunostaining of gut sections showed EGFP was

also expressed in the dorsal epithelium in addition to
the muscular layer (Fig. 6d′, d″). At E15.5, EGFP

expression was still detectable in the epithelium and

muscular layer of the developing gut.

Enhanced green fluorescent protein expression in

the developing kidney increased steadily from E10.5,

reaching a maximum at E13.5 before declining. At

E13.5, EGFP fluorescence signal was detected in the

comma-shaped and s-shaped bodies, arising from
mesonephric nephrons, and the capsules of the

maturing glomeruli and nephrons (Fig. 6E, E′, e′, e″).
Weak EGFP expression was also observed in the

Wolffian duct. These results were confirmed by immu-

nohistochemistry (Fig. 6e, e′, e″). Before E10.5, an

EGFP signal was detected in the mesonephric ridge,

and at E15.5 EGFP expression was continuously

observed in the comma-shaped and s-shaped bodies,
especially in the peripheral of the developing kidney. At

E17.5, EGFP was expressed mostly in the stage I–III
nephrons in the cortical region and in collecting ducts,

while the undifferentiated mesenchymal cells in the

inner medullary region of the developing kidney exhib-

ited no EGFP signal.

Enhanced green fluorescent protein expression in

the paranephros was lower than that in the kidney at
all stages. At E10.5, the EGFP signal was detected

and increased slowly with development. By E13.5,

EGFP was observed in the inner medullary region

(Fig. 6F′), but not in the cortical region. The boundary

of the medullary layer and cortical layer was clearly
defined (Fig. 6F′, f′, f′′). At E16.5, the EGFP signal was

weak and the expression appeared only on the edge

of the cortical region.

In summary, both EGFP and N-myc expression lev-

els were organ-specific and changed during embryonic

development. Temporal changes in the fluorescence

intensity and N-myc expression in different organs at

different development stages, is summarized in Fig-
ure 7.

Discussion

N-myc was first identified three decades ago (Kohl

et al. 1983; Schwab et al. 1983). In the following

years, several studies have reported N-myc expression

patterns in the developing mouse embryo using in situ

hybridization (Hirning et al. 1991; Mugrauer & Ekblom

1991). However, a model to directly monitor the

expression of N-myc and a full view of N-myc expres-

sion patterns during mouse embryonic development is

lacking. In this study, we used an EGFP gene knock-in

mouse model in which the EGFP coding sequence

was inserted into the N-myc locus to monitor the N-

myc expression. This approach provided the first spa-
tial and temporal expression pattern of N-myc in the

developing mouse embryo.

In contrast to the other members of myc family,

N-myc is expressed almost exclusively in embryonic

tissues (Hurlin 2005). In this work, N-myc expression

in whole embryos from E9.5 to E17.5 was investi-

gated. The intensity of the total EGFP signal reached a

peak at E13.5, before declining overall, but showing
more specific localization. EGFP was prominently

expressed in the central and peripheral nervous sys-

tem, heart, lung and kidney. A strong EGFP signal

was also observed in the liver, paranephros and the

epithelium of the intestine. In these tissues and organs,

EGFP was expressed in specific locations and cell lin-

eages, dynamically changing during the developmental

stages. EGFP expression in the brain and eye was
strong and persistent, continuing to birth.

Although Myc family members play a crucial role in

promoting cell proliferation, cell lineages with EGFP

expression showed divergent proliferative properties. In

embryonic lung, EGFP was specifically expressed in

the distal airway epithelium of lung buds, a cell lineage

with a high proportion of proliferative cells (Okubo

et al. 2005). However, at E15.5 in the eyes, EGFP was
expressed not only in the proliferative outer layer of the

retina, but also in the ganglion cell layer, which is com-

posed entirely of post-mitotic cells. Similarly, robust

EGFP expression was observed not only in the outer

pole of the lens with mitotically active cells, but also in

(A)

(a)

(a′)

(B)

(b)

(b′)

(C)

(c)

(c′)

Fig. 5. Enhanced green fluorescent protein (EGFP) expression

pattern in the developing embryonic eyes at E13.5 (A, a, a´),

E15.5 (B, b, b´) and E17.5 (C, c, c´).
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the differentiating lens fibers (Hirning et al. 1991). In

addition, a high EGFP expression was found in the

post-mitotic neuronal cells from the cerebral cortex
after birth (data not show). While these results support

N-myc expression as a marker for proliferation, they

also suggest that N-myc expression could be indica-

tive of early differentiation in some embryonic tissues.

Our study of EGFP expression in N-mycEGFP mice

provided additional evidence of reported phenotypes

of N-myc deficient mice. The specific EGFP expression
in the distal airway epithelium of lung buds was in

agreement with the reduced proliferation of the lung

progenitor pool after conditional mutation of N-myc in

lungs (Moens et al. 1992, 1993; Okubo et al. 2005).

(A) (A′) (a) (a′) (a′′)

(B) (B′) (b) (b′) (b′′)

(C) (C′) (c) (c′) (c′′)

(D) (D′) (d) (d′) (d′′)

(E) (E′) (e) (e′) (e′′)

(F) (F′) (f) (f′) (f′′)

Fig. 6. Enhanced green fluorescent protein (EGFP) expression pattern in the non-nervous system at E13.5. (A–a´´) EGFP expression pat-

tern in the developing heart. The level in the epicardium (epd) was higher than that in the cardiomyocytes (car). Blood cells are indicated

with blue arrow heads. (B–b´´) EGFP expression pattern in the developing liver. The positive cells (black arrow heads) were in clusters

near the portal vein (pv). Blood cells are indicated as blue arrow heads. (C–c´´) EGFP expression pattern in the developing lung. A strong

EGFP signal was focused on the bronchus epithelium (bpi), with little seen in the mesenchyme (mes). (D–d´´) EGFP expression pattern in

the developing gut. EGFP signal was observed in the muscular layer (mul) and epithelium (epi), but much less in the mesenchyme (mes).

(E–e´´) EGFP expression pattern in the developing kidneys. Immunostained EGFP was found in the mesonephric nephron (men), neph-

rons (ne) and Wolffian duct (wd), but less in the condensed mesenchyme (cme). (F–f´´) EGFP expression pattern in the paranephros.

EGFP signal was detected in the medullary (med), but not in the cortex (cot). E and F, e and f were from the same image. Scale bars

are presented in the A–a´´
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Considering the robust EGFP expression we observed

in the brain and retina, it was not surprising that loss

of N-myc in neuronal progenitor cells resulted in

reduced brain mass and retina size (Knoepfler et al.

2002; Martins et al. 2008). The high expression of

EGFP in the limb buds from E9.5 to E13.5 is also
consistent with the syndactyly arising from the loss of

N-myc (Ota et al. 2007; Sun et al.). In our study, a rel-

atively low level of EGFP expression in the developing

liver was also observed, lending support to the

proposed role of N-myc in the survival of hepatocytes

(Sawai et al. 1993; Ueda & Ganem 1996).

This work provides a powerful new tool, enabling an

enhanced understanding of N-myc function. EGFP
was validated as a marker indicating the expression of

N-myc at different stages of embryonic development.

Combining fluorescence imaging of cell-specific mark-

ers or crossing with other fluorescently labeled mice,

our N-mycEGFP model could define N-myc expression

in specific cell types. This will facilitate a more in-depth

exploration of the physiological role of N-myc. By

crossing with C-myc or L-myc mutant mice, this
model could also be used for further analysis of the

compensatory mechanisms that might exist between

these related genes. This model could also be applied

to monitor the role of N-myc in disease. For example,

N-myc plays a pleiotropic role in the initiation, progres-

sion and maintenance of medulloblastoma. The

N-mycEGFP mouse model could be crossed with the

spontaneous medulloblastoma mouse model, with
EGFP used to monitor the cells expressing N-myc in

this disease model, or to isolate the EGFP positive

cells by fluorescence-activated cell sorting (FACS) to

further explore the pathological mechanisms.

In summary, the expression of endogenous N-myc

can be directly monitored by EGFP fluorescence in the

N-mycEGFP mouse model. For the first time, the spatio-

temporal expression pattern of N-myc in mouse devel-

opment was revealed. This model provides us a

powerful tool to study N-myc functions in vivo.
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