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Limitations of the Pax7-creER™ transgene
for driving deletion of Nf7 in adult mouse muscle
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ABSTRACT Neurofibromatosis Type 1 (NF1) is an autosomal dominant genetic disorder that re-
sults in a variety of characteristic manifestations. Prior studies have shown reduced muscle size
and global skeletal muscle weakness in children with NF1. This associated weakness can lead
to significant challenges impacting on quality of life. Pre-clinical studies using a muscle-specific
NF1 knockout mouse have linked this weakness to an underlying primary metabolic deficiency
in the muscle. However, the neonatal lethality of this strain prevents analysis of the role of NF1
in adult muscle. In this study, we present the characterization of an inducible muscle-specific
NF1 knockout strain (Nf1Pax7i ) produced by cross breeding the Pax7-CreER™ strain with the
conditional Nf7flox/™*line. Tamoxifen dosing of 8-week old Nf1Pax7i , mice led to recombination
of the floxed allele in muscle, as detected by PCR. Detailed phenotypic analysis of treated adult
mice over 8 weeks revealed no changes in bodyweight or muscle weight, no histological signs
of myopathy, and no functional evidence of distress or impairment. Subsequent analysis using
the Ai9 Cre-dependent tdTomato reporter strain was used to analyse labelling in embryos and in
adult mice. Cell tracking studies identified a lower than expected rate of integration of recombined
satellite cells into adult muscle. In contrast, a high persistent contribution of embryonic cells that
were Pax7+ were found in adult muscle.These findings indicate important caveats with the use of
the Pax7-CreER™ strain and highlight a need to develop new tools for investigating the function

of NF1in mature muscle.
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Introduction

Neurofibromatosis type 1 (NF1) is an autosomal dominant
genetic disorder with a global incidence of 1:3000 (Lammert et
al., 2005). Individuals with NF1 can present with multiple mani-
festations that have a significant clinical impact, including tumor
development (Ratner and Miller, 2015, Ferner and Gutmann, 2013),
learning difficulties (Lehtonen et al., 2013, Levine et al., 2006), and
musculoskeletal abnormalities (Patel and Stacy, 2012, Summers
et al., 2015). In recent years, clinical reports of muscle weakness
have spurred research into the role of NF1 in muscle. While early
reports of motor deficits in NF1 children were attributed to nerve
dysfunction (Feldmann et al., 2003), reports of reduced muscle size
(Stevenson et al., 2005), impaired exercise capacity (Johnson et
al., 2012, de Souza et al., 2013), and muscle weakness (Cornett
et al., 2015, Johnson et al., 2012, Stevenson et al., 2012, Souza

et al., 2009) suggested primary muscle dysfunction.

The NF1 protein product neurofibromin has a key role in lineage
specification and cell differentiation, and is classically known as a
Ras GTPase-activating protein (Ratner and Miller, 2015, DeClue
et al., 1991). Neurofibromin expression has been shown to be up
regulated during myoblast differentiation in vitro (Gutmann et al.,
1994) and in vivo (Kossler et al., 2011), and recent studies have
implicated Nf7 in the regulation of muscle development and lipid
metabolism (Summers et al., 2015). Notably, double-inactivation
of Nf1 in muscle using the MyoD-Cre transgene resulted in a se-
vere developmental phenotype, including neonatal lethality and
muscle lipid accumulation (Sullivan et al., 2014). Notably, the lipid

deposition in Nf1, . muscle was not associated with changes in
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metabolic enzyme activity or altered expression of lipid transport-
ers. However, in adult muscle from a limb-specific Nf1 knockout
mouse (Sullivan etal.,2014), double-inactivation of Nf1 resulted in
substantial alterations in mitochondrial metabolic enzymes levels
(Sullivan et al., 2014). These data suggest either developmental
age-related compensatory differences, or unrelated genetic differ-
ences between mouse strains may be confounding interpretations.
Thus, further mouse model development in the field is needed.

A limitation with the aforementioned studies is that Nf7,, .~
mice feature developmental loss of the Nf1 gene. During devel-
opment, muscle progenitors are migrating and fusing to form the
early myotubes, and loss of Nff may impede this process. This
may poorly reflect the role of NF1 in the maintenance of mature
muscle. Thus, it was hypothesized that an Nf7 knockout mouse
targeted for post-mitotic muscle would be able to (1) survive post
weaning and (2) allow us to investigate the role of NF1 in muscle
solely in a postnatal context, and would mechanistically contrast
with prior developmental models.

The development of tamoxifen inducible CreER™ systems rep-
resents a significant advance in the control of DNA recombination.
This is achieved by fusion of Cre to an estrogen receptor (ER)
ligand binding domain. The Cre-ER fusion protein is sequestered
tothe cell cytosol via interactions with chaperone proteins, such as
heat-shock protein 90 (HSP90). Upon interaction with an estrogen
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analogue, such as 4-OH-tamoxifen (Tam), this Cre-ER fusion in-
teraction is disrupted, allowing Cre recombinase to translocate to
the nucleus and bind its target /oxP sites (McLellan et al., 2017).
Tam-induced Cre recombination was first demonstrated in cells
in 1995 (Metzger et al., 1995). A later iteration (termed Cre-ER™)
has modified ER domains resulting in a 10-fold greater sensitivity
to Tam (Indra et al., 1999). In the field of muscle disease, inducible
Cre-ER™ systems are particularly useful when studying devel-
opmental and/or post-mitotic gene function. Accordingly, several
myogenic Cre-ER™ drivers have recently been developed and
made available to the muscle research community; including the
Pax3-Cre-ER™ (Southard et al., 2014), Pax7-Cre-ER™ (Lepper
and Fan, 2012)and MyoD-Cre-ER™strains (Southard etal., 2014).

Since characterization of the Pax7+ cell pool as muscle stem
cells, numerus studies have unequivocally demonstrated their
requirementfor muscle regeneration following injury (Sambasivan
et al., 2011, Murphy et al., 2011, McCarthy et al., 2011, Lepper
et al., 2011, Relaix and Zammit, 2012). In the absence of injury
however, it was assumed that this cell population was quiescent in
adultmuscle (Montarras etal., 2013). However, recent cell tracking
studies have confirmed a progressive and pervasive contribution
of satellite cell nuclei into uninjured adult myofibers (Keefe et al.,
2015a, Pawlikowski et al., 2015a). Forexample, in 8-week-old mice,
pulse labelling of Pax7+ cells followed by a 14-day chase found
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50-60% of hind limb myofibers labelled positive (Pawlikowski et
al., 2015a). As late as 6-12 months of age, sedentary mice were
shown to maintain integration of new satellite cell nuclei in up to
30% of limb myofibers (Keefe et al., 2015b). This unique property
of continuing integration makes the Pax7+ cell an ideal vehicle for
the genetic manipulation of the muscle syncytium.

Herein we aimed to inactivate Nf7 in satellite cells by employ-
ing Cre-ER™ technology and conditional lineage control using the
muscle-specific Pax7 promoter. We
hypothesized that Nf7 inactivation in
Pax7+ cells will result in a progressive
muscle phenotype in adultmice, as Cre- ¥
expressing satellite cell nuclei are pro- .y
gressively integrated into established
myofibers. To test this, we crossbred ;
the Pax7-CreER™line with the Nf1flox/ k-
fexline to generate tamoxifen-inducible e
muscle-specific Nff knockout mice. LR
Nf1Pax7i ,, mice were dosed once Er |
daily for 5 days from 8 weeks of age, ey o )
with 1.5mg/20g bodyweight tamoxifen,

a dosing regimen that is previously
published to elicit Cre-mediated re- |
combination rates exceeding 90%
in adult animals (Pawlikowski et al.,
2015a). The primary study outcome
measures included changes to mouse
bodyweight and muscle weight over
time, and muscle histopathology fol-
lowing tamoxifen injections. Follow
up experiments were then done using
the Ai9 red fluorescent reporter strain
(Madisen et al., 2010) to validate the ‘
sensitivity and lineage specificity of the 5
Pax7-Cre driver.

TA

Results
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To test our primary hypothesis that -
Nf1 inactivation in adult Pax7+ cells
would result in a progressive myopa-
thy, Nf1Pax7i,, mice were dosed with
tamoxifen from 8 weeks of age. Mice —
were monitored daily for body weight ; S
and sub-groups culled at three time ‘2
points: 1 week (n=3), 4 weeks (n=3), ;
and 8 weeks (n=3) following tamoxifen
injection. Major hind limb muscles were
harvested and weighed prior to storage
and analysis.

Genomic DNA PCR for the recom-
binedfloxed allele at 8 weeks confirmed
a level of tamoxifen induced Cre-
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Contraryto our hypothesis, no changesin bodyweight or muscle
weight were seen at 1 week (Fig. 1 B-C), 4 weeks (Fig. 1 D-E), or 8
weeks (Fig. 1 F-G) following tamoxifen injections. Neither absolute
muscle weight nor muscle weight normalised to bodyweight (Fig.
1) showed significant differences. Furthermore, Oil Red O staining
with a hematoxylin counterstain showed no evidence of myopathic
changes, including fibrosis, centralized nuclei, altered fibre size,
or lipid droplet accumulations 8 weeks following injections (Fig. 2).

Sol

EDL

mediated recombinationin muscle (Fig.
1A). As a positive control, tissue from
Nf1,,,,” mice was tested and showed
an equivalent band representing the
recombined allele, albeit at a greater

intensity.

Fig. 2. Histological analysis of major hind limb muscles finds no evidence of myopathy.(A) Oi/ Red
O staining of mid-belly muscle cross sections from tamoxifen dosed animals reveals no evidence of
myopathic changes, or lipid droplet accumulations 8 weeks following injections. (B) Positive control for
Oil Red O staining showing lipid droplet accumulation in Nf1 -/- muscle from Myod-cre Nf1flox/flox stain.
TA, Tibialis Anterior; EDL, extensor digitorum longus, Sol, soleus; Gas, gastrocnemius, Quads, quadriceps.
Scale bars: (A) 100 um, (B) 50 um.
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In the absence of evidence for a progressive myopathy, the
efficiency of Pax7-lineage cell incorporation in the muscle was
examined. Thus the Pax7-Cre-ER™line was crossbred with the Ai9
Cre-responsive TdTomato (TdTom) red fluorescent reporter mouse
(Madisen et al., 2010). Following prenatal and postnatal tamoxifen
dosing, embryonic and adult cell tracking studies were performed.

Fordevelopmental studies, pregnant females bearing Pax7-Cre-
ER™-Ai9 positive pups were dosed with 0.75mg/20g bodyweight
tamoxifen, at two different embryonic time points: ED9.5 & 15.5.
Pups were born and weaned. Mice grew normally post-weaning
and were culled at 8 weeks of age for analysis. When Pax7+ cells
were labelled developmentally at ED15.5, analysis of muscle cross-
sections showed robustand homogenous TdTom labelling of muscle
myofibers (Fig. 3A); consistent with a high rate of nuclei integra-
tion during the late embryonic and postnatal period. Furthermore,
myofiber labelling was tamoxifen-dosing dependent (Fig. 3C) and
muscle specific, as no reporter expression was seen in other cell

Fig. 3. Fluorescent cell tracking of Pax7+ satellite cells finds lower than
expected rates of integration into adult muscle. (A) TdTom reporter
expression in adult quadriceps muscle when Pax7+ cells are labelled at
ED15.5. Expression is muscle specific and non-leaky (B) * bone cells
adjacent to labelled muscle that are not TdTom positive. (C) No reporter
expression detected in muscle from animals that did not receive tamoxifen.
(D) Labelling Pax7+ cells at ED9.5 resulted in a mosaic labelling pattern
of adult muscle fibers. Tamoxifen dosing of 8-week-old adults resulted in
limited satellite cell labelling (F) at the fiber periphery (examples indicated by
arrow head), and (E) labelling of only a limited number whole muscle fibers
(indicated by arrows) compared to non-dosed controls. Scale bars: 200 um.

types, such as adjacent bone cells (Fig. 3B). A mosaic pattern of
muscle fibre fluorescence was observed when Pax7+ cells were
labelled at ED9.5 (Fig. 3D), suggesting a proportion of the early
myogenic progenitors do not yet express Pax7 at this time point.

For adult labelling studies, Pax7-Cre-ER™-Ai9 positive mice
were dosed with tamoxifen from 8 weeks of age. Adult mice were
culled for analysis 4 weeks following injections, and fibre labelling
was assessed by fluorescent histology of hind limb muscle tissues.
In contrast to prior studies, tamoxifen dosing in adult mice resulted
in limited labelling of satellite cells at the muscle fibre periphery,
along with labelling of only a small number of whole muscle fibres
4 weeks following injections (Fig. 3F). Though fibre labelling was
substantially less than predicted, labelling remained tamoxifen-
dependent, as no signal could be detected in non-dosed control
muscle (Fig. 3E).

Discussion

Our data raise several questions about factors affecting induc-
ible gene targeting in muscle. PCR analysis from genomic DNA
extracted from tamoxifen-treated mice could detect Cre-mediated
recombination, and no leakiness was seen in the absence of
tamoxifen treatment. However, while the band intensities of induced
mice samples were less than that of muscle-specific knockout mice,
intensities did not differ substantively, and without a quantitative
PCR assay direct comparisons cannot be made.

Ultimately, the lack of phenotypic response in adult Nf1Pax7i ,
mice to tamoxifen treatment was attributed to poor recombination
within mature muscle fibres. This could be the result of either insuf-
ficient satellite cell integration or alternatively a downregulation of
Cre-expression by myonuclei following satellite cell fusion. These
datapoorly align with other reported uses of the Pax7-CreERT2line
in the context of adult muscle. Indeed, the capacity of Pax7-lineage
cells to contribute to new muscle fibres may not be associated
with their capacity to drive the continued expression of transgenes
in adult muscle fibres. Studies have shown Pax7 expression is
substantially down-regulated following terminal differentiation and
myofiber integration (Olguin et al., 2007). To achieve widespread
recombination throughout the muscle syncytium using Pax7-Cre
drivers, satellite cell nuclei must maintain some Cre-recombinase
expression following myofiber fusion. In this study we hypothesized
that sufficient Cre-recombinase protein would be present in the
cytosol of fusing satellite cells to affect the existent myonuclei in a
muscle fibre. Moreover, the nuclei from Pax7-lineage satellite cells
would definitively show Cre exposure. However, our data indicate
that this is not the case for the Pax7-CreERT? system.

Published studies showing the continued integration of Pax7+
cells into adult muscle are largely limited to qualitative assess-
ments of fluorescent labelling (Pawlikowski et al., 2015b, Keefe
et al.,, 2015a). Our adult cell tracking data show that we achieved
substantially less than 50% labelling of established fibres from
8-weeks of age. These data contrast with studies showing upwards
of 60% of myofibers labelled by this time point (Pawlikowski et al.,
2015a). Furthermore, personal communications with the group
of Dr Brya Mathews and A/Prof Ivo Kalajzic using same reporter
strain (Matthews et al., 2016), confirmed our findings show a
substantially lower than expected rate of satellite cell integration
from this time point. Alternatively, it is possible that limited tissue
availability of active tamoxifen, and/or a reduced recombination



efficiency in adult mice may explain our results. This has been a
subject of recent conjecture, and methods for optimal satellite cell
targeting and the need for quantifying recombination efficiencies
has been discussed in light of differing results from Pax7-Cre-ER™
studies (Brack, 2014).

Perhaps the most intriguing finding from our validation studies
using the Pax7CreERT™-Ai9fluorescent reporter strain is that when
Pax7+ cells were labelled early in development, at ED9.5, we saw
amosaic expression pattern in adult muscle fibers (Fig. 3D). These
data suggest that a portion of early committed myogenic progenitor
cells are not Pax7+, but by ED15.5 all express Pax7 (Fig. 3A-B).
Indeed, many studies support this conclusion. It has been shown
that the developmental expression of Pax3 precedes Pax7, and
plays a non-redundant role in myogenesis (Kassar-Duchossoy et
al., 2005, Lepper and Fan, 2010). For example, global Pax7* mice
survive until weaning and show no signs of muscle malformation
(Mansouri et al., 1996). In contrast, global Pax3 inactivation is
lethal, and embryos fail to develop body or limb skeletal muscles
(Tajbakhsh etal., 1997). Later studies examining expression timing
found that the dermomyotomal cells that parent myogenic cells of
the limbs are heavily Pax3+ at ED9.75, however do not strongly
express Pax7 until ED11.5 (Kassar-Duchossoy et al., 2005), and
are not completely muscle restricted until ED12.5 (Lepper and Fan,
2010). Understanding these embryonic dynamics will significantly
aid future studies targeting the Pax7+ cell pool.

For future studies, methodologies able to dissect the mecha-
nisms of prenatal versus postnatal Pax7+ cell fusion would be
valuable. One key comparison would be assessing a quantitative
measure of myonuclear expression of Cre-recombinase with a
measure of myonuclear recombination. One potential technique to
achieve this would be a customized fluorescent in situ hybridiza-
tion (FISH) protocol. This protocol would also be valuable in the
context of analysing patient NF1 muscle biopsies. It has been long
questioned whether the muscle weakness seen in individuals with
NF1 is caused by loss of the second NF1 allele. Double inactiva-
tion of NF1 has been observed in other manifestations including
tumours (Serra et al., 1997), and in bone lesions found in tibial
pseudarthrosis patients (Stevenson et al., 2006). Alternatively, a
gPCR technique may be optimised to give an accurate ratio of
floxed (unrecombined) and recombined alleles.

Conclusion

Successful gene targeting using the Cre-ER™ system requires
several factors working optimally. Notably, tissue-wide penetra-
tion of tamoxifen, and complete Cre activation and expression in
the target cell population. Our data further highlight the need for
thorough examination of persistent Cre-expression and recom-
bination efficiencies when using cre/loxP systems. Furthermore,
efficient myofiber gene targeting using the vehicle of the satellite
cell remains to be explored.

Itwill be important for future studies modelling NF1-muscle weak-
ness to consider the caveats of developmental versus post-natal
double inactivation in mice, particularly as double inactivation in
human NF1 muscle is yet to be determined. The currently avail-
able Nf1 muscle-specific and limb-specific double knockout mouse
models have thus far proven insightful, and will likely continue to
be a valuable resource in the field.
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Materials and Methods

Mouse genetics and breeding

Animal experiments were approved by the Westmead Hospital Animal
Ethics Committee or the Children’s Hospital at Westmead/Children’s Medi-
cal Research Institute Animal Ethics Committee. For fluorescent reporter
studies Pax7-Cre-ER™ transgenic mice and Ai9-tdTom red fluorescent
reporter mice (sourced from Jackson laboratory USA) were crossed
to produce first generation experimental heterozygous animals Pax7-
Cre+/- Ai9+/-. For Pax7+ cell Nf1 knockout experiments Pax7-Cre-ER™
transgenic mice were first crossed with Nf7flox/** mice to produce first
generation heterozygous animals Pax7-Cre+/- N'"ox/* They were then
backcrossed with the parental Nf1flox/* strain to generate experimental
homozygous animals Pax7-Cre-ER™* Nf1flox/*. Samples were collected
at weaning for genotyping by quantitative real-time PCR for the Cre and
Nf1flox alleles (Transnet YX, U.S.A). All colonies were maintained on a
C57/B6 background.

Tamoxifen dosing

1g Tamoxifen powder (Sigma-Aldrich) was first dissolved in 2ml 100%
ethanol and 1ml corn oil (Sigma-Aldrich) using sonication and heated
as needed. The solution was then made up to a 100ml stock (10mg/ml
concentration) using corn oil, and stored in aliquots at -20°C protected
from light. A working solution was prepared from the stock solution by
diluting to required concentration with corn oil. Intraperitoneal injections
were performed using a 26-gauge needle.

PCR assay for flox allele recombination

Forward primers (P1) CTTCAGACTGATTGTTGTACCTGA, and
reverse primers (P2) CATCTGCTGCTCTTAGAGGAACA, were used to
detect the recombined floxed sequence in genomic DNA extracted from
quadriceps muscle, using the following program: 1x 95°C 3min, 40 cycles
(95°C 30sec, 50°C 30sec, 72°C 1min), 72°C 7min. PCR products were
run on a 1% agarose gel.

Muscle histology

Muscle tissues were harvested from animals at cull, weighed, then
surface coated in Tissue-Tek® O.C.T. Compound (SAKURA FINETEK
USA), placed on a thin piece of tin foil and frozen in isopentane (2-methyl
butane) supercooled in liquid nitrogen, and stored at -80 °C. 8um sec-
tions were cut on a Leica CM1950 Clinical Cryostat, and captured on
Superfrost™ Plus Microscope Slides (Fisher Scientific, USA) and stored
at 4°C prior to lipid staining.

Fluorescent microscopy

Muscle sections were fixed in 4% PFA for 2min, and then rinsed in
deionized water (dH,0) for 30 sec. Cell nuclei were stain with a 1:10,000
4’,6-diamidino-2-phenylindole (DAPI):dH,O solution for 1min. Rinsed in
dH,O for 30 sec again before cover slipping using Aquatex® aqueous
mounting agent. tdTom and DAPI fluorescent signal was captured using
an Olympus BX61 fluorescent microscope.

Oil Red O Staining

Oil Red O (ORO) stock solution was prepared by dissolving 0.5g ORO
powder (Sigma-Aldrich) in 100ml isopropanol (100%), on a plate shaker
at 31°C overnight. A working solution was made by diluting stock solution
3:2in dH,0 and filtered through a 75um cap filter.

Muscle sections were fixed in 4% PFAfor 2min, and thenrinsed in dH,0
for 30 seconds. Slides were dipped 4 times in 60% isopropanol: dH,0
solution before incubating in ORO stain solution for 30min. Slides were
again rinsed in 60% isopropanol: dH,0, counter stained in hematoxylin
for 2min, then cover slipped using Aquatex® aqueous mounting agent.



536 M. A.Summers et al.

Acknowledgments
This study was supported by a grant from the Children’s Tumor Foun-
dation (2013B-05-009).

References

BRACK, A. S. 2014. Pax7 is back. Skelet Muscle 4: 24.

CORNETT, K. M., NORTH, K. N., ROSE, K. J. & BURNS, J. 2015. Muscle weakness
in children with neurofibromatosis type 1. Dev Med Child Neurol 57: 733-736.

DE SOUZA, J. F., ARAUJO, C. G., DE REZENDE, N. A. & RODRIGUES, L. O. 2013.
Exercise capacity impairment in individuals with neurofibromatosis type 1. Am J
Med Genet A 161a: 393-395.

DECLUE, J. E., COHEN, B. D. & LOWY, D. R. 1991. Identification and characteriza-
tion of the neurofibromatosis type 1 protein product. Proc Natl Acad Sci USA
88:9914-9918.

FELDMANN, R., DENECKE, J., GRENZEBACH, M., SCHUIERER, G. & WEGLAGE,
J. 2003. Neurofibromatosis type 1: motor and cognitive function and T2-weighted
MRI hyperintensities. Neurology 61: 1725-1728.

FERNER, R. E. & GUTMANN, D. H. 2013. Neurofibromatosis type 1 (NF1): diagnosis
and management. Handb Clin Neurol 115: 939-955.

GUTMANN, D. H., COLE, J. L. & COLLINS, F. S. 1994. Modulation of neurofibroma-
tosis type 1 gene expression during in vitro myoblast differentiation. J Neurosci
Res 37: 398-405.

INDRA, A. K., WAROT, X., BROCARD, J., BORNERT, J. M., XIAO, J. H., CHAMBON,
P. & METZGER, D. 1999. Temporally-controlled site-specific mutagenesis in
the basal layer of the epidermis: comparison of the recombinase activity of the
tamoxifen-inducible Cre-ER(T) and Cre-ER(T2) recombinases. Nucleic Acids
Res 27: 4324-4327.

JOHNSON, B.A., MACWILLIAMS, B., CAREY, J. C., VISKOCHIL, D. H., D’ASTOUS,
J. L. & STEVENSON, D. A. 2012. Lower extremity strength and hopping and
jumping ground reaction forces in children with neurofibromatosis type 1. Hum
Mov Sci 31: 247-254.

KASSAR-DUCHOSSOY, L., GIACONE, E., GAYRAUD-MOREL, B., JORY,A., GOMES,
D. & TAJBAKHSH, S. 2005. Pax3/Pax7 mark a novel population of primitive
myogenic cells during development. Genes Dev 19: 1426-1431.

KEEFE, A. C., LAWSON, J. A,, FLYGARE, S. D., FOX, Z. D., COLASANTO, M.
P., MATHEW, S. J., YANDELL, M. & KARDON, G. (2015). Muscle stem cells
contribute to myofibers in sedentary adult mice. Nature Commun. 6: 7087-7087.

KOSSLER, N., STRICKER, S., RODELSPERGER, C., ROBINSON, P. N., KIM, J.,
DIETRICH, C., OSSWALD, M., KUHNISCH, J., STEVENSON, D. A., BRAUN,
T., MUNDLOS, S. & KOLANCZYK, M. 2011. Neurofibromin (Nf1) is required for
skeletal muscle development. Hum Mol Genet 20: 2697-2709.

LAMMERT, M., FRIEDMAN, J. M., KLUWE, L. & MAUTNER, V. F. 2005. Prevalence
of neurofibromatosis 1 in German children at elementary school enrollment. Arch
Dermatol 141: 71-74.

LEHTONEN, A., HOWIE, E., TRUMP, D. & HUSON, S. M. 2013. Behaviour in children
with neurofibromatosis type 1: cognition, executive function, attention, emotion,
and social competence. Dev Med Child Neurol 55: 111-125.

LEPPER, C. & FAN, C. M. 2010. Inducible lineage tracing of Pax7-descendant cells
reveals embryonic origin of adult satellite cells. Genesis 48: 424-436.

LEPPER, C. & FAN, C. M. 2012. Generating tamoxifen-inducible Cre alleles to
investigate myogenesis in mice. Methods Mol Biol 798: 297-308.

LEPPER, C., PARTRIDGE, T. A. & FAN, C.-M. 2011. An absolute requirement for
Pax7-positive satellite cells in acute injury-induced skeletal muscle regeneration.
Development 138: 3639-3646.

LEVINE, T. M., MATEREK, A., ABEL, J., O'DONNELL, M. & CUTTING, L. E. 2006.
Cognitive profile of neurofibromatosis type 1. Semin Pediatr Neurol 13: 8-20.
MADISEN, L., ZWINGMAN, T. A., SUNKIN, S. M., OH, S. W., ZARIWALA, H. A., GU,
H.,NG, L. L., PALMITER, R. D., HAWRYLYCZ, M. J., JONES,A. R., LEIN, E. S. &
ZENG, H. 2010. Arobust and high-throughput Cre reporting and characterization

system for the whole mouse brain. Nature Neurosci. 13: 133-140.

MANSOURI, A., STOYKOVA, A., TORRES, M. & GRUSS, P. 1996. Dysgenesis of

cephalicneural crestderivatives in Pax7-/-mutant mice. Development122:831-838.

MATTHEWS, B. G., TORREGGIANI, E., ROEDER, E., MATIC, I., GRCEVIC, D. &
KALAJZIC, I. 2016. Osteogenic potential of alpha smooth muscle actin expressing
muscle resident progenitor cells. Bone 84: 69-77.

MCCARTHY, J.J.,MULA, J., MIYAZAKI, M., ERFANI, R., GARRISON, K., FAROOQUI,
A. B., SRIKUEA, R., LAWSON, B. A., GRIMES, B., KELLER, C., VAN ZANT, G.,
CAMPBELL,K.S.,ESSER,K.A.,DUPONT-VERSTEEGDEN, E. E. & PETERSON,
C. A. 2011. Effective fiber hypertrophy in satellite cell-depleted skeletal muscle.
Development 138: 3657-3666.

MCLELLAN, M. A., ROSENTHAL, N. A. & PINTO, A. R. 2017. Cre-loxP-Mediated
Recombination: General Principles and Experimental Considerations. Curr Protoc
Mouse Biol 7: 1-12.

METZGER, D., CLIFFORD, J., CHIBA, H. & CHAMBON, P. 1995. Conditional site-
specific recombination in mammalian cells using a ligand-dependent chimeric
Cre recombinase. Proc. Natl. Acad. Sci. USA 92: 6991-6995.

MONTARRAS, D., LHONORE, A. & BUCKINGHAM, M. 2013. Lying low but ready
for action: the quiescent muscle satellite cell. FEBS J 280: 4036-4050.

MURPHY, M. M., LAWSON, J. A., MATHEW, S. J., HUTCHESON, D. A. & KARDON,
G. 2011. Satellite cells, connective tissue fibroblasts and their interactions are
crucial for muscle regeneration. Development 138: 3625-3637.

OLGUIN, H. C., YANG, Z., TAPSCOTT, S. J. & OLWIN, B. B. 2007. Reciprocal inhibi-
tion between Pax7 and muscle regulatory factors modulates myogenic cell fate
determination. J. Cell Biol. 177: 769-779.

PATEL, N. B. & STACY, G. S. 2012. Musculoskeletal manifestations of neurofibro-
matosis type 1. AUR Am J Roentgenol 199: W99-106.

PAWLIKOWSKI, B., PULLIAM, C., BETTA, N. D., KARDON, G. & OLWIN, B. B.
(2015). Pervasive satellite cell contribution to uninjured adult muscle fibers.
Skeletal Muscle 5: 42.

RATNER, N. & MILLER, S. J. 2015. ARASopathy gene commonly mutated in cancer:
the neurofibromatosis type 1 tumour suppressor. Nat Rev Cancer 15: 290-301.

RELAIX, F. & ZAMMIT, P. S. 2012. Satellite cells are essential for skeletal muscle re-
generation:the cellon the edge returns centre stage. Development139: 2845-2856.

SAMBASIVAN, R., YAO, R., KISSENPFENNIG, A., VAN WITTENBERGHE, L.,
PALDI, A., GAYRAUD-MOREL, B., GUENOU, H., MALISSEN, B., TAUJBAKHSH,
S. & GALY, A. 2011. Pax7-expressing satellite cells are indispensable for adult
skeletal muscle regeneration. Development 138: 3647-3656.

SERRA, E., PUIG, S., OTERO, D., GAONA, A., KRUYER, H., ARS, E., ESTIVILL,
X. & LAZARO, C. 1997. Confirmation of a double-hit model for the NF1 genein
benign neurofibromas. Am. J. Human Genet. 61: 512-519.

SOUTHARD, S., LOW, S, LI, L., ROZO, M., HARVEY, T., FAN, C. M. & LEPPER,
C. 2014. A series of Cre-ER(T2) drivers for manipulation of the skeletal muscle
lineage. Genesis 52: 759-770.

SOUZA, J.F.,PASSOS, R.L.F.,,GUEDES,A.C.M.,REZENDE, N.A. & RODRIGUES,
L. O. C. 2009. Muscular force is reduced in neurofibromatosis type 1. J Muscu-
loskelet Neuronal Interact. 9: 15-17.

STEVENSON, D. A, ALLEN, S, TIDYMAN, W. E., CAREY, J. C., VISKOCHIL, D.
H., STEVENS, A., HANSON, H., SHENG, X., THOMPSON, B. A., OKUMURA,
M. J., REINKER, K., JOHNSON, B. & RAUEN, K. A. 2012. Peripheral muscle
weakness in RASopathies. Muscle Nerve 46: 394-399.

STEVENSON, D. A., MOYER-MILEUR, L. J., CAREY, J. C., QUICK, J. L., HOFF, C.
J. & VISKOCHIL, D. H. 2005. Case-control study of the muscular compartments
and osseous strength in neurofibromatosis type 1 using peripheral quantitative
computed tomography. J Musculoskelet Neuronal Interact 5: 145-149.

STEVENSON, D. A., ZHOU, H., ASHRAFI, S., MESSIAEN, L. M., CAREY, J. C,,
D’ASTOUS, J.L., SANTORA, S.D. & VISKOCHIL, D. H. 2006. Double Inactivation
of NF1 in Tibial Pseudarthrosis. Am. J. Hum. Genet. 79: 143-148.

SULLIVAN, K., EL-HOSS, J., QUINLAN, K. G., DEO, N., GARTON, F,, SETO, J. T.,
GDALEVITCH, M., TURNER, N., COONEY, G. J., KOLANCZYK, M., NORTH, K.
N., LITTLE, D. G. & SCHINDELER, A. 2014. NF1 is a critical regulator of muscle
development and metabolism. Hum Mol Genet 23: 1250-1259.

SUMMERS, M. A., QUINLAN, K. G., PAYNE, J. M., LITTLE, D. G., NORTH, K. N. &
SCHINDELER, A. 2015. Skeletal muscle and motor deficits in Neurofibromatosis
Type 1. J Musculoskelet Neuronal Interact 15: 161-170.

TAJBAKHSH, S., ROCANCOURT, D., COSSU, G. & BUCKINGHAM, M. 1997.
Redefining the genetic hierarchies controlling skeletal myogenesis: Pax-3 and
Myf-5 act upstream of MyoD. Cell 89: 127-138.



Further Related Reading, published previously in the Int. J. Dev. Biol.

DYRK2 displays muscle fiber type specific function during zebrafish early somitogenesis
Wei Sun, Shuang Jiao, Xungang Tan, Peijun Zhang and Feng You

Int. J. Dev. Biol. (2017) 61: 459-463

https://doi.org/10.1387/ijdb.160175sj

FoxD1 protein interacts with Wnt and BMP signaling to differentially pattern mesoderm and neural tissue
Hanna Polevoy, Anastasia Malyarova, Yuri Fonar, Sara Elias and Dale Frank

Int. J. Dev. Biol. (2017) 61: 293-302

https://doi.org/10.1387/ijdb.160300df

Building functional units of movement-generation and movement-sensation in the embryo
Peleg Hasson, Talila Volk and Adi Salzberg

Int. J. Dev. Biol. (2017) 61: 171-178

https://doi.org/10.1387/ijdb.160279as

Models of amphibian myogenesis - the case of Bombina variegata
Leokadia Kietbéwna and Marta Migocka-Patrzatek

Int. J. Dev. Biol. (2017) 61: 17-27
https://doi.org/10.1387/ijdb.160370mm

mRNA cycles through hypoxia-induced stress granules in live Drosophila embryonic
muscles

Annelies M.A. van der Laan, Alice M.C. van Gemert, Roeland W. Dirks, Jasprina N. Noorder-
meer, Lee G. Fradkin, Hans J. Tanke and Carolina R. Jost

Int. J. Dev. Biol. (2012) 56: 701-709

https://doi.org/10.1387/ijdb.103172al

Tumor suppressor genes as negative growth regulators in development and differ-
entiation

D H Gutmann

Int. J. Dev. Biol. (1995) 39: 895-908

http://www.intjdevbiol.com/web/paper/8901192

5 yr ISl Impact Factor (2013) = 2.879

INTERNA'HONAL J OURNAL OF THE INTERNATIONAL JOURNAL OF

DEVELO

BIOLOGY

Volume 60 Nos. 10/11/12 Special Issue

Atlas of Human
Experimental Teratomas

/m D»vclopmem & Qanc«.r

2




