Engelse vertaling orginele tekst
Traits of dumbo rat

The dumbo mutation appeared first in the pet trade, and as of this writing the
scientific community appears to be unaware of this interesting mutation in domestic
rats. The dumbo mutation has not yet been noticed, measured or studied by
developmental biologists or geneticists. No papers have yet been published on this
mutation in rats.
Therefore, the following list of traits is entirely anecdotal. It has been gleaned from
descriptions of owners of dumbo rats, and from descriptions of dumbo rat standards
and faults from fancy rat organizations. This list is quite informal and imprecise.
Not all dumbo rats have all of these traits:
Ear shape: The dumbo mutation produces a wide variety of ear shapes and sizes.
Most desirable among pet rat breeders are large, round, low-set ears. But the dumbo
mutation may also produce creased, bent, folded, wrinkled, curled, misshapen,
narrow, pointed, oblong and tubular ears. Ears may be positioned higher or lower
on the skull. Ears may also be asymmetrical.
Skull shape: The top of the skull may be flat and broad. Some dumbo skulls may be concave. Skull
may have a prominent occiput (back of skull), which may give the rat a hunchback appearance.

Informal skull measurements of dumbo vs. standard rats
A. Dann (pers. comm.) measured the length, width and height at the maximum points of the
heads of ten standard and four dumbo rats with callipers, then converted the measurements to
ratios (length/width, width/height, and length height) in order to control for overall size of the
rat. Results:
Standard rats
Length/width Width/height Length/height
Average

1.75

1.07

1.88

Standard Deviation 0.11

0.06

0.12

Dumbo rats
Length/width Width/height Length/height
Average

1.17

1.65

1.89

Standard Deviation 0.22

0.27

0.19

From these tables, the length/height ratio appears to be fairly consistent between the standard
and dumbo rats, but the dumbo heads appear to be relatively wider than standard heads.

Sample measurements from one standard and one dumbo rat:
Length Width Height
Standard 56 mm 32 mm 30 mm
Dumbo

55 mm 50 mm 30 mm

Note that these measurements are informal, and the number of individuals is too small to be
able to draw conclusions about the population at large. However, it is an interesting first pass at
head shape differences between standard and dumbo rats. Further study could be quite
interesting.

Jaw shape: Some dumbos may have have a small lower jaw.
Eye shape: Some dumbos may show differences in eye shape and position (pers.
comm. Dann 2005).
Body shape: Body may be stocky.
Ear movement: some owners report that their female dumbo rats do not vibrate
their ears when they are in heat (pers. comm. Dann 2005).
Temperament: Dumbos are reputed to have a docile, calm temperament.

Drawing of two rats with the dumbo mutation.

Human analogues of the dumbo mutation
There are several human disorders that are quite similar to the dumbo mutation in
rats.
Treacher Collins syndrome: Characterized by small and otherwise deformed ears,
a small jaw, downward-slanting eyes, and small cheekbones, a small face, and a
wide mouth. The small jaw may force the normal-sized tongue back in the throat,
obstructing the airway. Treacher Collins may also include hearing loss. It does not
affect a child's intelligence. Caused by inherited or spontaneous mutations in the
TCOF1 gene located at human chromosome 5tq31-q34 (Dixon et al 1991, Dixon
1996, Edwards et al. 1997, Horiuchi 2004) (OMIM entry)

Nager syndrome: Similar to Treacher Collins. Characterized by flat cheeks,
downward-slanting eyes, absence of eyelashes, low-set, cup-shaped ears, and a very
small lower jaw. May include malformations of the thumbs and forearms,
genitourinary and cardiac anomalies (OMIM entry).

Drawing of an infant with Nager syndrome.

DiGeorge syndrome: Characterized by low-set ears, abnormal folding of the outer
ear, small jaw, eyes slanted upward or downward, small upper lip, small mouth.
Short stature and mild to moderate learning difficulties. Internally, characterized by
a small parathyroid gland, small or absent thyroid gland, and cardiac
malformations. Caused by deletions of chromosome 22q11.2 (Demczuk and Aurias
1995, Gong et al. 1996), which eliminates several candidate genes including
TUPLE1 and Tbx1 (Jerome and Papaioannou 2001) ( (OMIM entry).
Goldenhar syndrome: Highly variable syndrome characterized by malformation
or absence of the ears, anomalies of the middle and/or inner ear, small upper and
lower jaw, small cheekbones, small lower skull, wide mouth, incomplete
development of certain muscles of the face, small eyes, absence of tissue from the
upper eyelid, and/or anomalies of the spinal column. Most cases are asymmetrical,
with one side of the body more affected, and the other side unaffected or less
affected. Most cases are spontaneous but some are inherited as an autosomal
dominant (OMIM entry).

What do these syndromes have in common?
The syndromes listed above all belong to a subset of craniofacial disorders
called pharyngeal arch disorders. All are caused by problems in the development
of the structures derived from the pharyngeal (or branchial) arches.

What are the pharyngeal arches?

Pharyngeal arches are
paired structures that grow
on either side of the future
head and neck of the
developing embryo and
fuse at the centerline.
Pharyngeal arches develop
from the cephalic (head)
portion of the neural crest
(Fukiishi and Morriss-Kay
1992), which is a strip of
tissue that runs down the
Diagram of the migration of neural crest cells (thick grey arrows) from
back of the embryo and
the neural crest to the five pharyngeal arches (I, II, III, IV, and VI. Arch
gives rise to a large number V degenerates). (Adapted from Gilbert 1994, p. 284.)
of different organs.
Pharyngeal arches produce the cartilage, bone, nerves, muscles, glands, and
connective tissue of the face and neck.
Mammal embryos have five pairs of these pharyngeal arches. The first two pairs
give rise to the bones, muscles, and nerves of the ear, jaw and upper neck.
Specifically, the first pair of pharyngeal arches gives rise to two of the bones of the
middle ear (incus and malleus), the lower jaw, and the nerves and muscles involved
in chewing, and muscles of the ear and soft palate.
The second pair of arches gives rise to one bone in the middle ear (the stapes), most
of the outer ear, the muscles of facial expression, muscles of the jaw and upper
neck, parts of the bone above the larynx, and the seventh facial nerve. The last three
pairs of arches give rise to the bones, muscles, and glands (thymus, thyroid) of the
neck and the outflow tract of the heart.
Anything that disrupts the development of the first and second pharyngeal arches
will cause parts of the face to develop abnormally. A disruption involves any
disturbance of the production, growth, or movement of the arch cells during
development -- for example, an insufficient migration of neural crest cells into the
pharyngeal arches. A disruption could be caused by a mutation in one of the many
genes involved in the development of these arches, or by external factors such as
teratogens during pregnancy.
When the development of the first and second pharyngeal arches is disrupted, the arches develop
abnormally, giving rise to a variety of craniofacial malformations: malformations of the external ear,
ear canal, middle ear, cheekbone, upper jaw, lower jaw, eye, facial muscles, and nerves of facial
expression (see also Jacobsson and Granstrom 1997).

Examples of genes involved in pharyngeal arch development

TCOF1 is one of the many genes involved in pharyngeal arch development. Its protein,
Treacle, is expressed most intensely in the first pharyngeal arch during times of critical
craniofacial development, including the formation and fusion of the pharyngeal arches with the
rest of the face (Dixon et al.1997). Treacle is involved in ribosomal RNA production in
prefusion neural folds during early embryogenesis (Valdez et al. 2004).
Another such gene is TBX1, whose gene product has a wide variety of functions. It regulates
proper neural crest cell migration in the posterior pharyngeal arches, stabilizes the structural
patterns of the middle and inner ear during their development, regulates the onset of the
development of jaw and neck muscles, controls the proper patterning of cells in the jaw,
supports proper proliferation of cells fated to become part of the cardiac outflow tract, and is
required for the formation of the division between the aorta and the pulmonary artery
(Moraes et al. 2005, Kelly et al. 2004, Xu et al. 2004).

Can a pharyngeal arch disorder be induced?
Yes.
Several teratogens can induce low-set ears and other ear malformations in rats,
mice and hamsters. Retinoids (such as retinoic acid and vitamin A),
cyclophosphamide, and isotretinoin (Accutane) administered during pregnancy give
rise to a suite of anomalies of the ear, eye, upper and lower jaw, and palate,
resembling Treacher Collins and other first and second pharyngeal arch syndromes
(Emmanouil-Nikoloussi et al. 2000, Granstrom 1990, Granstrom and Kirkeby
1990, Granstrom et al. 1991, Jarvis et al. 1990, Mallo and Gridley 1996,
Padmanabhan and Singh 1984, Poswillo 1975, Wiley et al. 1983).
Diabetes mellitus during pregnancy may also cause congenital malformations in the
young due to impaired development of cranial neural crest cells. Such
malformations include low-set ears, small jaw, small thymus, thyroid, and
parathyroid glands, and anomalies of the heart and great vessels. These
malformations are very similar to DiGeorge syndrome in humans (Siman 1997,
Siman et al. 2000).
Do other animals show
first and second
pharyngeal arch
disorders?
Yes.
Mice: Low-set ears (Lse) is
a pharyngeal arch disorder in
mice that is characterized by
malformed and
Right ear of an eight month old LSE+ mouse (left) and a control mouse
(right). The notch in the control mouse's ear is an ear mark. From
Theiler and Sweet 1986.

malpositioned external ears and eye defects. Lse mice also have reduced growth
after birth and reduced viability (Theiler and Sweet 1986). The Lse gene in mice is
located on chromosome 7 (Eric et al. 1999).
Otani et al. (1991) report the spontaneous appearance of small ears, some of which
were low-set, in a line of transgenic mice. The disorder was asymmetric. Affected
mice also had disorders of the middle ear, cranial base, upper jaw, and pharyngeal
structures. The disorder was heritable as an autosomal dominant, homozygous
lethal. The ear anomaly was traced to underdevelopment of the second pharyngeal
arch during the 9th and 10th days of gestation, due to mesenchymal disruptions and
hemorrhage in the region of the first and second branchial arches. The disorder was
traced to a mutation on chromosome 10, B1-3, at a site named Hfm (Cousley et
al. 2002, Naora et al. 1994).
Dogs: Haworth et al. (2001) studied TCOF1, the homologue of the Treacher
Collins gene in humans, in 13 different dog breeds. They discovered that TCOF1
has nine different variations in dogs. One of these variants (C396T) is associated
with a broad skull and short face (brachycephaly) in dogs. The authors suggest that
this mutation may have arisen only once in the history of dog domestication.

Is the dumbo mutation a disorder of first and second
pharyngeal arch development?
Nobody knows for sure, because the dumbo mutation has never been studied in the
laboratory.
However, there are strong similarities between the features of dumbo rats and the
clinical features of first and second pharyngeal arch syndromes in humans. The
dumbo rat's malformed and malpositioned ears, possible small jaw, possible
differences in eye shape and position, and possible underdevelopment of the
muscles that move the ears or the nerves that control them, are all strongly
suggestive of a first and second pharyngeal arch disorder.
This is a hypothesis at this point, of course. The answer must await future
investigation by geneticists and developmental biologists. Dumbo rats may turn out
to be a potential animal model for first and second pharyngeal arch disorders in
humans.
March 2005

Update 2010
Update, 2010: It looks like the dumbo mutation is indeed a disorder of first pharyngeal arch
development!
Katerji et al. (2009) examined the craniofacial development of Dumbo rats. They found that
Dumbo rats show quantitative defects in the structures derived from the first pharyngeal arch:
disturbances in the development of cartilage and the beginning of ossification.
They examined the expression of the Msx1 and Dlx1 genes in the Dumbo rat during
craniofacial morphogenesis. The Msx and Dlx homeobox genes are expressed at different
times and in several different locations of first pharyngeal arch development, where they
perform a variety of roles.
The authors found that Msx1 and Dlx1 are expressed significantly less during Dumbo rat than
control rat morphogenesis, indicating that these genes may underly the Dumbo phenotype.

Further reading
 Branchial anomalies, from the Texas Pediatric Otolaryngology Center
 First and second pharyngeal arch syndromes , by Foundation for Faces of
Children.
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ABSTRACT
The Dumbo rat possesses some characteristics that evoke several human
syndromes, such as Treacher-Collins: shortness of the maxillary, zygomatic and







mandibular bones, and low position of the ears. Knowing that many homeobox
genes are candidates in craniofacial development, we investigated the
involvement of the Msx1 and Dlx1 genes in the Dumbo phenotype with the aim of
understanding their possible role in abnormal craniofacial morphogenesis and
examining the possibility of using Dumbo rat as an experimental model for
understanding abnormal craniofacial development. We studied the expression of
these genes during craniofacial morphogenesis by RT-PCR method. We used
Dumbo embryos at E12 and E14 and included the Wistar strain as a control.
Semi-quantitative PCR analysis demonstrated that Msx1 and Dlx1 are expressed
differently between Dumbo and Wistar rats, indicating that their low expression
may underly the Dumbo phenotype.
Key words: Dumbo rat, Msx1, Dlx1, face, embryo, development.

The "congenitally malformed" Dumbo rats seem to be the product of domestic
breeding of rats of Wistar origin, probably in the USA, a few decades ago. They
evoke comparisons with some human malformation syndromes, such as the
Treacher-Collins, DiGeorge, and Nager syndromes, because of micrognathia, low
position of the ears, and hypoplasia of the zygomatic, maxillary and mandibular
bones (Figure1). This strain may constitute an experimental model for
understanding abnormal craniofacial development.









Preliminary morphological and morphometic analysis indicated that the
considerable differences between the craniofacial structures of Dumbo and Wistar
rats might be due to genetic mutations in the Dumbo rat that were undetectable
by chromosome mapping. Furthermore, the embryonic skulls of Dumbo rats
displayed a delay bone growth. For these reasons, we selected the embryonic
ages E12 and E14 (initiation of the chondrogenesis, beginning of ossification) for
the present study.
Analysis of the embryonic development of Dumbo rats shows quantitative defects
in structures derived from the first pharyngeal arch. These developmental defects
are represented by disturbances in chondrogenesis and osteogenesis pathways,
suggesting the involvement of the Msx1 and Dlx1 genes.









To compare genetic expression in Dumbo rats with the normal Wistar strain, we
used RT-PCR to estimate the expression of Msx1 and Dlx1. As loading controls we
used the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), which is expressed at a constant level in different tissues, cells or
experimental treatments (de Jonge et al., 2007). Since the use of multiple
internal control genes has been recommended (Vandesompele et al., 2002), we
used the nerve growth factor (NGF) encoding gene as second reference gene. NGF
appears to be ubiquitously expressed in some craniofacial primordia during mouse
development (Louryanet al., 1995).
For the analyses on Dumbo rats, nine embryos at stages E12 and E14 were
obtained from three different mothers, respectively. We also collected the same
number of embryos for Wistar rats. Total RNA was extracted from small amounts
of head tissue (20-100 mg) using the RNA NOW TC method (Texagen), according
to the manufacturer's directions. The RNA pellet was dissolved in 50 µL of DEPCtreated water and RNA concentration was determined by spectrophotometry at
260 nm/ 280 nm using a Nanodrop ND1000 apparatus (Isogen). cDNA was
synthesized by the Gene Amp RNA PCR kit (Applied Bio systems) using the
enzyme MultiScibeRT (50U/µL): 1-2 µg of total RNA were transcribed in 20 µL of
final volume of manufacture's buffer enriched with 2.5 µM random hexamers, 1
mM of dNTP and 20 units of RNAse inhibitor. Samples were incubated first at 25
°C for 10 min, then at 37 °C for 120 min. The reaction was stopped by the adition
of 20 µL of 0.1 M EDTA and 30 µL water. The samples were heated to 94 °C for 2
min before storing at -20 °C. PCR reactions were set up in 20µL, using the GoTaq
PCR kit (Promega) with "Green buffer" and a final concentration of 200 µM dNTP,
and 10 nM of each primer with 0.5 units of GoTaq DNA polymerase.
Thermocycling wasperformed in MyCycler (BioRad), starting with a denaturation
for 2 min at 94 °C, followed by cycles of 10 s at 94 °C, 20 s at 55-60 °C
(depending on pair of primer used), 1 min at 72 °C. If not indicated otherwise, 35
amplifications cycles were done. After amplification, electrophoresis of 10 µL of
each PCR product was performed on a 2% agarose gel with 0.5 µg/mL ethidium
bromide, fragment size was estimated from a using 1 kb DNA ladder (Promega).
To control for contamination of samples with genomic DNA, all PCR amplifications
were carried out in parallel with a negative control of reverse
transcription, i.e. with RNA samples submitted to reverse transcription but without
MultiScibe Reverse Transcriptase. Semiquantitative RT-PCR estimates were
validated using a standard curve dilution series of Wistar rat cDNA.
Densitometries of amplicon fluorescence intensity were performed using
VilberLourmat Bio1D software.
The RT-PCR analyses revealed that the expression of the Msx1 sense (S) gene,
the Msx1 antisense (AS) gene and of the Dlx1 gene in the craniofacial region of
E12 and E14 embryos was markedly lower in Dumbo rats than in Wistar rats
(Figure 2). A very large difference was observed for the Msx1sense (S) gene,
which was almost undetectable in Dumbo rats. Using dilution curves of Wistar
cDNA, we validated that in our conditions the fluorescence intensity of amplicons
was directly related to the initial concentration of target DNA. Using dilutions
curves, we estimated that the expression of the Msx1 sense (S) gene in the
Dumbo rat was one hundred times lower than in the Wistar rat. The difference
between Dumbo and Wistar rats is significant (p = 0.0008). Expression of the
Msx1antisense gene and of the Dlx1 gene in the Dumbo rat were roughly
threefold lower than in the Wistar rat. The differences between Dumbo and Wistar
rats were significant (p = 0.0008).As expected, the two rat strains did not differ
significantly in the expression of the control genes: for GAPDH gene (p = 1.00)
and for NGF gene (p = 0.87).






During embryogenesis, cranial neural crest cells migrate into the presumptive
mandibular, maxillary and zygomatic primordia, where they condense to form
mesenchymal and precartilaginous blastemata before differentiating into
osteoblasts. The osteoblasts synthesize bone matrix through intramembranous
ossification (Couly et al., 1993; Hall and Miyake, 2000), whereas the ossicles of
ear, derived from Meckel's and Reichert's cartilage form through endochondral
ossification. Normal development requires mechanisms to ensure that bone
morphology and growth are matched to those of the developing skull (MorrissKay, 1993).













The generation of different cell types from cranial neural crest (CNC) is regulated
by genetic control, which is beginning to be elucidated, as a large number of
candidate regulatory genes identified and mutations in these genes are being
made. Some of these genes are homeobox genes. They are expressed in the early
phases of development in a spatially and temporally restricted manner and have
been implicated in the specification of particular domains of the head. Homeobox
genes are a conserved ubiquitous superfamily of transcription factors found in all
eukaryotes, with analogs in prokaryotes. In eukaryotic organisms, these genes
generally regulate axis determination, segmental patterning, and tissue identity
during development. The protein product of a homeobox gene contains a highly
conserved homeodomain at the carboxyl end that includes a DNA binding helixturn-helix motif. Homeobox proteins also contain a variable region composed of
one or more domains involved in protein binding specificity and regulation
(Qian et al., 1989; Kissinger et al., 1990)
The Msx and Dlx homeobox gene families are expressed in the pharyngeal arches,
giving rise to craniofacial structures. The mandible, maxilla, zygoma and ear are
derived from the first pharyngeal arch, which receives neural crest cells from the
midbrain, namely the mesencephalon, and rhombomeres r1 and r2 (Tan and
Morriss-Kay, 1985). The expression of the Msx and Dlx gene families in the cranial
neural crest cells emigrating from the central nervous system continues in the
craniofacial regions.
The Msx1 gene is strongly expressed in CNC (cranial neural crest) cells and plays
a critical role in regulating epithelial-mesenchymal transitions during
morphogenesis (Robert et al., 1989). Expression of Msx1 in the cranial neural
crest continues during cell migration and colonization of the pharyngeal arches
(Mackenzie et al., 1992). In the central nervous system, the expression of Msx1 is
essential in the hindbrain and the rhombomeres. Dorsolateral expression
of Msx1 continues in the brain during neurulation and becomes more lateral
(Bendall and Abate-Shen, 2000).
Dlx1 is a member of the distal-less homeobox gene family. It is likely to be
responsible for programming developmental events along the proximodistal and
mediolateral dimensions of the pharyngeal arches (Qiu et al., 1995). Dlx genes
establish intra-arch identity (Depew et al., 2005). Since the CNC contributing to
the maxillary and mandibular components of the first arch is derived from the
posterior midbrain and rhombomeres 1 and 2 (Osumi-Yamashita et al., 1994),
candidate regulators of the Dlx genes must be expressed in this neuroepithelium.
Our findings may help to explain the delayed chondrogenesis and the late osseous
growth of these regions in Dumbo rats in comparison with Wistar rats. BlinWakkach et al., (2001) demonstrated the existence of endogenous Msx1
antisense RNA (Msx1-AS RNA) in differentiated dental and craniofacial tissues of
mice, rats, and humans. They also showed that this AS RNA can block Msx1
protein expression and that it exhibits a reverse temporospatial distribution
pattern with Msx1 protein both in vivo and in vitro.
Msx1-S is expressed strongly in the proliferative progenitor cells of dental
mesenchyme and bone, and it is down-regulated in terminally differentiated
tissues (Robert et al., 1989; Mackenzie et al., 1991; Houzelstein et al., 1997). By
contrast, an inverse distribution of the Msx1-AS RNA was shown by BlinWakkach et al. (2001). These authors showed that when the AS transcript is more
abundant, Msx1 protein is undetectable, and conversely, overexpression of the
sense RNA results in production of Msx1 protein. They next demonstrated that the
balance between the levels of the two Msx1 RNAs (sense/antisense) is related to
the expression of Msx1 protein and that this ratio is very important in the control
of terminal differentiation of the skeleton. They also demonstrated that the Msx1AS RNA is involved in a cross talk between the Msx-Dlx pathways. Forest-Potts
and Sadler (1997) highlighted that antisense attenuation of Msx1 during early
stages of neurulation led to hypoplasia of the maxillary and mandibular bones,
and to abnormalities in the neural tube. When cultured mouse embryos were









injected with Msx1-AS oligodeoxynucleotides, expression of Msx1 protein was
disrupted and craniofacial abnormalities ensued. Msx1 was shown to downregulate the master gene of osteoblastic determination, Cbfa1, a strongly
indication that the ratio between Msx1-S and Msx1-AS RNA is a key factor in cell
differentiation and phenotypic expression in mineralized tissues (Blin-Wakkach et
al., 2001). Because the expression patterns of the Msx genes are closely related
to the development of neural crest cells in several species, the failure of early
craniofacial development could be due to aberrant CNC cells induction or
migration. Han et al., (2007) reported that the Msx1 gene is specifically required
for osteogenesis in the cranial neural crest lineage. They showed that
differentiation of the mesenchyme and establishment of certain craniofacial
structures was defective in Msx1-/-mice. They also showed that the failure of CNCderived mesenchymal cells to express Runx2 and Osterix in the absence of Msx1
may prevent osteogenic differentiation. Runx2 is an essential transcription factor
controlling osteoblast differentiation. Null mutation of Runx2 leads to a complete
lack of ossification in both neural crest and mesoderm derived bones (Komori et
al., 1997).
Targeted null mutation of Msx1 results in multiple craniofacial abnormalities
involving a defect in mandibular bone development. In humans, mutations in the
Msx1 gene have been implicated in tooth agenesis (Padanilamet al., 1992; Hu et
al., 1998) and cleft palate (Van Den Boogaard et al., 2000), and the phenotype
was proposed to be related to a dose effect of Msx1 protein (Hu et al., 1998).
Interestingly, Msx1 down-regulation is associated with the terminal differentiation
of several cell types, such as cartilage (Mackenzie et al., 1991; Coelho et al.,
1993; Mina et al., 1995) and muscle (Houzelstein et al., 1999).
Our data indicate that expression of the Dlx1 gene at the E12 and E14 stages
during craniofacial development is weaker in the Dumbo rat than in Wistar rat.
The reduced expression of the Dlx1 gene in Dumbo rats might be implicated in the
malformed genesis of the head in these rats. Depew et al. (2002, 2005) showed
that Dlx-mutant mice exhibit severe craniofacial deformities, including cleft palate,
and dysmorphic middle ear and jawbones. Dlx-mutant mice show delayed
ossification of dermal bones (Merlo et al., 2000) resembling the defects caused by
inactivation of one copy of Cbfa1 (Otto et al., 1997). It seems that
both Msx1 and Dlx1 have a direct or indirect relation with Cbfa1.
Kim et al., (1998) showed that Fgfr2 expression was reduced in the craniofacial
structures of Msx1-/- mouse embryos. There is evidence that FGF signalling is
involved in calvarial development. In calvarial culture, FGF4 accelerates
ossification. FGF2 can rescue the compromised osteogenitor proliferation
of Tgfr2 conditional knockout mice (Sasaki et al., 2006). Robel et al., (1995)
showed that FGF2 increased Dlx1 expression and that this effect was genespecific, dose-dependent, and temporally regulated, with larger effects at earlier
stages of development. This interaction between FGF2 and Dlx1 may be important
for the regulation of the antero-posterior pattern in craniofacial development.
Zhang et al., (1997) showed that some of the defects in Msx1-/-mice may be
aggravated or rescued by controlling certain Dlx genes. The essential condition for
this regulation to occur is that the two genes be expressed in the same cells at
the same time.
In conclusion, we found that the Msx1 and Dlx1 genes are expressed differently
during head development of Dumbo and Wistar rats, with a reduction of
expression in the Dumbo strain. This suggests that the Dumbo rat could be a
suitable experimental model for understanding abnormal craniofacial
development. This rat reflects the relation between some homeobox genes and
the craniofacial abnormalities. The search for other concomitant events related to
craniofacial abnormalities will be necessary, such as studying apoptosis and the
involvement of other genes in the Dumbo phenotype. Confirmation of our findings
alsom requires studying the expression of the implicated genes by in
























situ hybridization and by investigating the expression of Msx1 protein by Western
blot analysis.
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