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HISTOLOGICAL AND MOLECULAR CHARACTERISATION OF
HYPOTONIA IN ADULT Ts1CJE MOUSE MODEL FOR DOWN SYNDROME

By
USMAN BALA
September 2016
Chairman : Cheah Pike See, PhD
Faculty : Medicine and Health Sciences

Down syndrome (DS) is a genetic disorder caused by presence of extra copy of human
chromosome 21 (Hsa21), a condition termed as trisomy 21. It is characterised by several
number of clinical phenotypes such as intellectual disability, characteristic sets of facial
features, cardiac defects and different systems anomalies. Motor dysfunction due to
hypotonia is commonly seen in DS individuals and its etiology is yet unknown. Ts1Cje,
which has a partial trisomy (Mmu16) synteny to Hsa21, is a mouse model for DS that is
well reported to exhibit various typical neuropathologic features seen in DS individuals.
However, hypotonia in Ts1Cje mouse has not been fully characterised. In this study,
Ts1Cje mice was used to investigate the potential role of muscular and peripheral
nervous systems defects in causing muscle weakness in DS individuals using molecular
and histological approaches.

Behavioural assessment of the motor performance showed that, the forelimb grip
strength (automated grip test) was significantly (P<0.0001) greater in the wild type mice
compared to the Ts1Cje mice, regardless of gender. The average survival time of the
wild type mice was significantly (P<0.01) greater compared to those of the Ts1Cje mice
(P<0.01). In addition, the cumulative number of falls in the Ts1Cje mice was
significantly (P<0.0001) greater than those of their wild type littermates. The wild type
mice performed significantly (P<0.01) better than the Ts1Cje mice in the latency to
maintain a coordinated motor movement against the rotating rod (accelerated speed).

Relative expression of both trisomic (ltsnl, Syjnl and Rcanl) and the non-trisomic
genes (Lamcl, Leprell, Myl6b, Msn and Pgm5) showed no significant difference in both
quadriceps and triceps of Ts1Cje mice as compared with the wild type. Expression of
Myf5 was significantly (P<0.05) reduced in triceps of Ts1Cje mice while MyoD
expression was significantly (P<0.05) increased in quadriceps of Ts1Cje mice as
compared with wild type.



Morphological evaluation of the skeletal muscles revealed no pathological changes in
Ts1Cje mice. Analysis of both the ATPase-stained and NADH diaphorase-stained
sections showed a significantly (P<0.001) higher population of type | fibres both in
quadriceps and triceps of wild type than that of Ts1Cje mice. There was significantly
(P<0.01) higher population of the COX deficient fibres in quadriceps and triceps of
Ts1Cje mice as compared with the wild type.

An ultrastructural assessment of nerve fibres revealed no morphological differences
between the Ts1Cje and wild type mice. The g ratio of the Ts1Cje mice was
significantly (P<0.0001) greater compared to the wild type mice. The myeline thickness
was significantly (P<0.0001) thinner in nerve fibres of the Ts1Cje mice as compared to
that of the wild type mice. Both adult and aging groups of the Ts1Cje mice further
exhibited significantly (P<0.001) lower conduction velocity compared with their aged
matched wild types.

Ts1Cje mice exhibited weaker muscle strength. The lower population of the type | fibres
and COX deficient fibres together with the decreased level of myeline in Ts1Cje mice
may contribute to the muscle weakness seen in this mouse model for DS.

Key words: Down syndrome; muscle weakness; Ts1Cje mice; skeletal muscle;
peripheral nervous system
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PENCIRIAN HIPOTONIA DARI SEGI SELULAR DAN MOLEKULAR PADA
MODEL SINDROM DOWN TIKUS DEWASA Ts1CJE

Oleh
USMAN BALA
September 2016
Pengerusi : Cheah Pike See, PhD
Fakulti : Perubatan dan Sains Kesihatan

Sindrom down (DS), juga dikenali sebagai Trisomi 21, merupakan kromosom tidak
normal yang disebabkan oleh kelebihan pada kromosom manusia 21 (Hsa21). Sindrom
ini menunjukkan beberapa ciri fenotip klinikal seperti kecacatan akal, ciri-ciri struktur
muka, kecacatan jantung dan pelbagaiabnormaliti pada sistem badan.. Sistem motor
terganggu yang disebabkan oleh hipotonia sering dikaitkan dengan individu DS dan
etiologinya masih tidak diketahui. Ts1Cje merupakan model tikus DS yang mempunyai
separuh trisomi (Mmul6) berkaitan dengan Hsa2l. la mempamerkan pelbagai ciri
neuropatologi yang sering dikaitkan dengan individu DS. Walaubagaimanapun,
hipotonia pada tikus Ts1Cje masih belum dicirikan sepenuhnya. Pada kajian ini, tikus
Ts1Cje telah digunakan untuk mengkaji peranan kecacatan sistem otot dan saraf periferi
yang mengakibatkan kelemahan otot pada individu DS dengan menggunakan
pendekatan molekular dan selular.

Penilaian tingkah laku bagi prestasi motor menunjukkan bahawa, kekuatan cengkaman
anggota hadapan (ujian cengkaman automatik) adalah lebih tinggi secara signifikan
(P<0.0001) pada tikus kawalan berbanding dengan tikus Ts1Cje, tanpa mengira jantina.
Tikus kawalan mempunyai skor yang lebih tinggi secara signifikan pada ujian wayar
tergantung berbanding dengan tikus Ts1Cje (P<0.01). Di samping itu, jumlah relatif
jatuh pada kumpulan tikus Ts1Cje adalah lebih tinggi secara signifikan (P<0.0001)
berbanding dengan tikus kawalan. Tikus kawalan dapat mengawal pergerakan motor
pada rod berputar (fasa dipercepatkan) dengan lebih baik secara signifikan (P<0.01)
berbanding dengan tikus Ts1Cje.

Untuk kedua-dua otot kuadriseps dan triseps tikus Ts1Cje, analisis relatif ekspresi bagi
lima gen yang bukan trisomi (Lamcl, Leprell, Myl6b, Msn dan Pgm5) dan tiga gen
trisomi (Itsnl, Syjnl dan Rcanl) telah menunjukkan bahawa tiada perbezaan yang
signifikan berbanding dengan tikus kawalan. . Ekspresi protein Myf5 telah menunjukkan
pengurangan secara signifikan (P<0.05) di triseps tikus Ts1Cje berbanding dengan tikus
kawalan manakala eksperesi protein MyoD menunjukkan peningkatan secara signifikan
di kuadriseps tikus Ts1Cje berbanding dengan tikus kawalan.



Penilaian morfologi otot rangka menunjukan tiada sebarang perubahan patologi pada
tikus Ts1Cje. Analisi pewarnaan ATPase dan NADH diaphorase menunjukkan populasi
gentian jenis | adalah lebih banyak secara signifikan (P <0.001) di kedua-dua kuadriseps
dan triseps pada tikus kawalan, berbanding dengan tikus Ts1Cje. Untuk kedua-dua
genotip yang dikaji, pewarnaan COX telah menunjukkan pengurangan yang signifikan
(P<0.01) untuk gentian COX-positif di kuadriseps dan triseps tikus Ts1Cje berbanding
dengan tikus kawalan.

Penilaian ultrastruktur bagi gentian saraf menunjukan tiada sebarang perbezaan
morfologi di antara tikus Ts1Cje dan tikus kawalan. Tikus Ts1Cje telah menunjukkan
nisbah g yang lebih tinggi secara signifikan (P<0.0001) berbanding dengan tikus
kawalan. Manakala, ketebalan meilin di dalam gentian saraf tikus Ts1Cje adalah lebih
nipis secara signifikan (P<0.0001) berbanding dengan tikus kawalan. Kedua-dua
kumpulan tikus Ts1Cje dewasa dan tua telah menunjukkan saraf pengaliran halaju yang
lebih rendah secara signifikan (P<0.001) berbanding dengan tikus kawalan.

Tikus Ts1Cje menunjukan kekuatan otot yang lemah. Perbezaan di dalam gentian jenis |
dan kekurangan gentian COX serta kekurangan meilin pada tikus Ts1Cje boleh
menyumbangkan kepada kelemahan otot yang dapat diperhatikan pada model tikus
sindrom Down ini.

Key words: sindrom Down; kelemahan otot; tikus Ts1Cje; otot rangka; sistem saraf
periferi
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Background

Down syndrome (DS) is a genetic disorder that was first reported by John Langdon
Down in 1866 (Down, 1995). The genetic basis of the syndrome remained unknown
until 1959 when Lejeune and his colleagues discovered that, the syndrome is due to
presence of extra copy of human chromosome 21 (Hsa21), a condition termed as trisomy
21 (Antonarakis et al., 2004). The most common cause of DS is due to non-disjunction;
failure of the sister chromatids to separate during cell division (Sherman et al., 2005).
What causes non-disjunction that lead to DS is not fully understood but some factors
such as genetics, maternal age and altered recombination might play a significant role
(Oliver et al., 2008; Sherman et al., 2005). Recent study has also shown association
between the non-disjunction and maternal low socio-economic status (Hunter et al.,
2013). The prevalence of this disorder is 1 out of every 800 to 1000 live births across
different ethnic groups (Egan et al., 2004; Roizen & Patterson, 2003). In some
developing countries like Malaysia and Nigeria, the incidence of DS is 1 in every 950
and 865 live births respectively (Adeyokunnu, 1982; Hoe et al., 1989).

DS is characterised with a complex set of pathologies and several clinical phenotypes.
There are over 70 phenotypes reported in DS individuals and these include intellectual
disability, characteristic sets of facial features, cardiac defect, hypotonia, dementia,
anomalies of immune, endocrine and digestive systems (Antonarakis et al., 2004; Lana-
Elola et al., 2011; Patterson & Costa, 2005; Wiseman et al., 2009). These phenotypes
are due to altered gene dosage in Hsa21 (Korenberg et al., 1994; Nikolaienko et al.,
2005). However, not all these phenotypes are seen in every DS individual, although
some phenotypes such as intellectual disability and hypotonia are seen almost in all DS
individuals (consistent phenotypes) whereas phenotypes such as dementia and systems
anomalies are seen only in certain population of DS individuals and are called
inconsistent phenotypes (Lana-Elola et al., 2011; Roizen & Patterson, 2003; Wiseman et
al., 2009;). Although, the genetics basis of the disorder is the same in individuals with
trisomy 21, but the degree of penetrance of these phenotypes varies among different DS
individuals. This phenotypic variations are perhaps due to a combined effect of genetic
and environmental factors (Reeves et al., 2001; Wiseman et al., 2009) or due to allelic
combination (Antonarakis et al., 2004). Moreover, variation occurs in the severity of a
particular phenotypes among DS individuals as seen in learning and memory impairment
(Lott & Dierssen, 2010) and cognitive impairment (Pennington et al., 2003).

Hypotonia (decreased muscle tone) is seen in most DS individuals (Peredo & Hannibal,
2009). The muscle tone is the normal degree of physical strength and tension maintained
in a skeletal muscle by an involuntary spinal reflexes, through which normal posture,
coordination and movement are possible (Masi & Hannon, 2008). The skeletal muscle
are maintained in a state of partial contraction by the normal muscle tone through an
involuntary control and the muscle contracts more forcefully if voluntary impulses are



received. Hypotonia is also seen in many neurological disorders affecting the
components of nervous system such as the brain, spinal cord, peripheral nerves or
pathways along the motor innervation such as neuromuscular junction (NMJ) and
skeletal muscle cells (Bodensteiner, 2008; Leyenaar et al., 2005). The major symptoms
of hypotonia includes, difficulties in motor movement, motor planning, postural control,
motor coordination, balance and trunk instability (Leyenaar et al., 2005; Peredo &
Hannibal, 2009).

Compared with other clinical phenotypes seen in DS individuals, there is not enough
literature on hypotonia in terms of its pathophysiological and molecular basis over years.
Most of the animal model studies focuse on investigating the neuroanatomical defects
and the candidate genes that are responsible for such defects. The area of motor
dysfunction received little interest and is considered as neglected area in DS related
research. Until recently, a number of candidate genes were implicated in motor
dysfunction using Drosophila homologs of Hsa21 (Chang & Min, 2009) and in DS
individuals (Dey et al., 2013). Similarly, animal based studies have implicated the
involvement of some trisomy 21 genes in motor dysfunction using mouse model for DS
(Altafaj et al., 2001; Cowley et al., 2012).

Evidence based studies have indicated the involvement of the central nervous system
(CNS) disorder (Anderson et al., 2013; Guidi et al., 2008; Guidi et al., 2011; Pinter et
al., 2001) and the defective NMJ ( Avraham et al., 1988; Chang & Min, 2009) as likely
factors in manifestation of hypotonia in DS individuals. However, abnormal
organisation of the myofibre components and peripheral nerve defects cannot be ruled
out. It will be interesting to investigate the effects of trisomy 21 on the peripheral nerves
and skeletal muscle both at cellular and molecular level. Due to ethical limitation in
using human as research subject, mouse models for DS are considered as an alternative
to investigate this aspect of fundamental research.

There are different mouse models for DS generated over the years (Davisson et al.,
1990; Sago et al., 1998) and have shown to exhibit different phenotypes associated with
DS individuals (Baxter et al., 2000; Ishihara et al., 2010; Olson et al., 2004; Richtsmeier
et al., 2000; Williams et al., 2008). The Hsa2l shared a conserved synteny with
orthologous regions of 3 mouse chromosomes, Mmu10, Mmul16 and Mmul7 (Galdzicki
et al., 2001). These mouse chromosomes contain essentially all the known genes on
Hsa21. The Mmul6 contain the largest number of genes synteny to Hsa21, amounting to
about 23.3Mb by length, while the Mmul7 and MmulO have 1.1Mb and 2.2Mb
respectively (Antonarakis et al., 2004). The Ts1Cje is one of the DS mouse models that
carries a shorter region of Mmu16 with approximately 85 genes synteny to genes located
on Hsa21 (Antonarakis et al., 2004; Sago et al., 1998). Studies indicated that the Ts1Cje
exhibit some features associated with DS individuals (Baxter et al., 2000; Olson et al.,
2004; Olson et al., 2007; Sago et al., 1998). The characterisation of phenotypes in this
model is still in the process and hypotonia is one of such feature that has not been fully
characterised.



To the best of our knowledge and understanding, there has not been any documented
research work related to hypotonia on peripheral nervous system (PNS) and skeletal
muscle in Ts1Cje mouse model for DS. The PNS and skeletal muscle are actively
involved in motor movement and any defects in either can contribute to impaired motor
activities. Therefore, since the search for possible causes of the muscle weakness in DS
is still on going, investigating the potential role of PNS and skeletal muscle in
contributing to hypotonia in DS will be an interesting research. The outcome of this
work will further contribute to our current knowledge and understanding of what might
have been responsible for muscle weakness in DS. Similarly, in order to formulate a
more effective therapy clinically for DS individuals in the future, a better understanding
on the development of the hypotonia in DS individuals must be established.

1.2 Problem statement

Motor function have become an integral part of the human life and it is necessary for our
daily activities. Delay in motor development due to hypotonia has significant effect in a
DS individual’s early life style. Inability to properly sit, crawl, walk, run and jump
within the normal time frame of a child’s physical development due to poor muscle
strength will limit the child’s interaction with the environment. This in turn will have
some consequences on the child’s education and general social life. It is clearly evident
that muscle weakness in DS is more prominent in children and tends to persist through
adult life. With the help of medical and social interventions, the degree of the muscle
weakness reduces in adult individuals. However, studies indicated that DS adult
individuals also have reduction in physical functions and efficiency, and this have
resulted in difficulty to perform certain tasks of life. The overall effect of the muscle
weakness in DS individuals leads to limitation in labour productivity and economic self-
dependency, which eventually affect the socio-economic status of such individual and
the community at large. Therefore, understanding why individuals with DS have low
muscle strength is an important area for research that has not yet been explained. An
insight of the histological and molecular pathways that lead to hypotonia will have
enormous implications for DS individuals’ social and medical care needs. A suitable
mouse model for DS in studying manifestation of hypotonia will serve as an ideal
research platform that leads to a better understanding of the development of this
pathological feature.

1.3 Hypothesis

In this study, it is hypothesised that, Ts1Cje mice exhibit hypotonia partly due to
histological and molecular disruption of the skeletal muscle and peripheral nervous
system (PNS)

1.4 General objective

The general objective is to identify the histological and molecular pathways that
contribute to hypotonia in Ts1Cje mice’s skeletal muscle and PNS
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Specific objectives

This research work have the following specific objectives;

iv.

V.

15

to assess the limb muscle strength of Ts1Cje and wild type mice in vivo

to investigate the expression profile of some selected trisomic and non-trisomic
genes in Ts1Cje and wild type skeletal muscle

to investigate the effect of trisomy 21 on the expression profiles of myogenic
regulatory factors (MRFs) on Ts1Cje and wild type skeletal muscle

to evaluate the effects of trisomy 21 on the morphological features and
metabolic activities of the skeletal muscle in Ts1Cje and wild type mice

to investigate the histomorphology and functional analysis of sciatic nerve in
contributing to muscle weakness in Ts1Cje mice

Significance of the study

This research work is anticipated to have some degree of benefits in the area of DS
muscle weakness. The significance of the study include the following:

i
ii.
iii.
iv.
V.

to establish a suitable mouse model to study hypotonia in DS

to reveal the role of some candidate genes and proteins in skeletal muscle that
are involved in causing hypotonia in DS

to investigate any pathological defects in skeletal muscle in DS

to find the association of PNS disorder with motor dysfunction in DS

finally, to provide an insight for further research work by the clinicians and
other allied health professionals that will eventually lead to development of
good approach for management of hypotonia in DS individuals



REFERENCES

Abraham, H., Vincze, A., Veszprémi, B., Kravjak, A., Gémoéri, E., Kovécs, G. G., &
Seress, L. (2012). Impaired myelination of the human hippocampal formation
in Down syndrome. International Journal of Developmental Neuroscience,
30(2), 147-158. http://doi.org/10.1016/j.ijdevneu.2011.11.005

Adeyokunnu, A A. (1982). The incidence of Down’s syndrome in Nigeria. Journal of
Medical Genetics, 19(4), 277-279. http://doi.org/10.1136/jmg.19.4.277

Almeida, R. G., Czopka, T., ffrench-Constant, C., & Lyons, D. A. (2011). Individual
axons regulate the myelinating potential of single oligodendrocytes in vivo.
Development, 138(20), 4443-4450. http://doi.org/10.1242/dev.071001

Altafaj, X., Dierssen, M., Baamonde, C., Marti, E., Visa, J., Guimera, J., ... Estivill, X.
(2001). Neurodevelopmental delay, motor abnormalities and cognitive deficits
in transgenic mice overexpressing Dyrk1A (minibrain), a murine model of
Down’s syndrome. Human Molecular Genetics, 10(18), 1915-1923.
http://doi.org/10.1093/hmg/10.18.1915

Amano, K., Sago, H., Uchikawa, C., Suzuki, T., Kotliarova, S. E., Nukina, N., ...
Yamakawa, K. (2004). Dosage-dependent over-expression of genes in the
trisomic region of Tsl1Cje mouse model for Down syndrome. Human
Molecular Genetics, 13(13), 1333-1340. http://doi.org/10.1093/hmg/ddh154

Anderson, J. S., Nielsen, J. A., Ferguson, M. A., Burback, M. C., Cox, E. T., Dai, L., ...
Korenberg, J. R. (2013). Abnormal brain synchrony in Down syndrome.
Neurolmage: Clinical, 2(1), 703-715. http://doi.org/10.1016/j.nicl.2013.05.006

Antonarakis, S. E., Lyle, R., Dermitzakis, E. T., Reymond, A., & Deutsch, S. (2004).
Chromosome 21 and Down syndrome: from genomics to pathophysiology.
Nature Reviews. Genetics, 5(10), 725-738. http://doi.org/10.1038/nrg1448

Arbuzova, S., Hutchin, T., & Cuckle, H. (2002). Mitochondrial dysfunction and Down’s
syndrome. BioEssays, 24(8), 681-684. http://doi.org/10.1002/bies.10138

Arnaud, E., Zenker, J., de Preux Charles, A. S., Stendel, C., Roos, A., Médard, J. J., ...
Chrast, R. (2009). SH3TC2/KIAA1985 protein is required for proper
myelination and the integrity of the node of Ranvier in the peripheral nervous
system. Proceedings of the National Academy of Sciences of the United States
of America, 106(41), 17528-17533. http://doi.org/10.1073/pnas.0905523106

Arnold, W. D., Sheth, K. A., Wier, C. G,, Kissel, J. T., Burghes, A. H., & Kolb, S. J.
(2015). Electrophysiological motor unit number estimation (MUNE) measuring
compound muscle action potential (CMAP) in mouse hindlimb muscles.
Journal of Visualized Experiments, 25(103). http://doi.org/10.3791/52899

118



Arpin, M., Chirivino, D., Naba, A., & Zwaenepoel, I. (2011). Emerging role for ERM
proteins in cell adhesion and migration. Cell Adhesion & Migration, 5(2), 199-
206. http://doi.org/10.4161/cam.5.2.15081

Arriagada, C., Bustamante, M., Atwater, I., Rojas, E., Caviedes, R., & Caviedes, P.
(2010). Apoptosis is directly related to intracellular amyloid accumulation in a
cell line derived from the cerebral cortex of a trisomy 16 mouse, an animal
model of Down syndrome. Neuroscience Letters, 470(1), 81-5.
http://doi.org/10.1016/j.neulet.2009.12.062

Arter, J., & Wegner, M. (2015). Transcription factors Sox10 and Sox2 functionally
interact with positive transcription elongation factor b in Schwann cells.
Journal of Neurochemistry, 132(4), 384-393. http://doi.org/10.1111/jnc.13013

Asato, F., Butler, M., Blomberg, H., & Gordh, T. (2000). Variation in rat sciatic nerve
anatomy: implications for a rat model of neuropathic pain. Journal of the
Peripheral Nervous System, 5(1), 19-21.

Avraham, K. B., Schickler, M., Sapoznikov, D., Yarom, R., & Groner, Y. (1988).
Down’s syndrome: Abnormal neuromuscular junction in tongue of transgenic
mice with elevated levels of human Cu/Zn-superoxide dismutase. Cell,
54(6),823-829. http://doi.org/10.1016/S0092-8674(88)91153-1

Aylward, E. H., Li, Q., Habbak, R., Warren, A., Pulsifer, M. B., Barta, P. E., ...
Pearlson, G. (1997). Basal ganglia volume in adults with Down syndrome.
Psychiatry Research - Neuroimaging. http://doi.org/10.1016/S09254927
(97)00011-5

Babu, G. J., Loukianov, E., Loukianova, T., Pyne, G. J., Huke, S., Osol, G., ...
Periasamy, M. (2001). Loss of SM-B myosin affects muscle shortening velocity
and maximal force development. Nature Cell Biology, 3(11), 1025-1029.
http://doi.org/10.1038/nch1101-1025

Bambrick, L. L., & Fiskum, G. (2008). Mitochondrial dysfunction in mouse trisomy 16
brain. Brain Research, 1188(1), 9-16. http://doi.org/10.1016/j.brainres.
2007.10.045

Baron, W., & Hoekstra, D. (2010). On the biogenesis of myelin membranes: Sorting,
trafficking and cell polarity. FEBS Letters, 584(9), 1760-1770.
http://doi.org/10.1016/j.febslet.2009.10.085

Barron, M. J., Chinnery, P. F., Howel, D., Blakely, E. L., Schaefer, A. M., Taylor, R.
W., & Turnbull, D. M. (2005). Cytochrome c¢ oxidase deficient muscle fibres:
Substantial variation in their proportions within skeletal muscles from patients
with mitochondrial myopathy. Neuromuscular Disorders, 15(11), 768-774.
http://doi.org/10.1016 /j.nmd.2005.06.018

119



Barry, D. M., Stevenson, W., Bober, B. G., Wiese, P. J., Dale, J. M., Barry, G. S, ...
Garcia, M. L. (2012). Expansion of neurofilament medium C terminus
increases axonal diameter independent of increases in conduction velocity or
myelin  thickness. Journal of Neuroscience, 32(18), 6209-6219.
http://doi.org/10.1523/ jneurosci.0647-12.2012

Bassel-Duby, R., & Olson, E. N. (2006). Signaling pathways in skeletal muscle
remodeling. Annual Review of Biochemistry, 75, 19-37. http://doi.org/10.1146/
annurev.biochem. 75.103004.142622

Baxter, L. L., Moran, T. H., Richtsmeier, J. T., Troncoso, J., & Reeves, R. H. (2000).
Discovery and genetic localization of Down syndrome cerebellar phenotypes
using the Ts65Dn mouse. Human Molecular Genetics, 9(2), 195-202.
http://doi.org/10.1093/hmg/9.2.195

Belichenko, N. P., Belichenko, P. V, Kleschevnikov, A. M., Salehi, A., Reeves, R. H., &
Mobley, W. C. (2009). The “Down syndrome critical region” is sufficient in the
mouse model to confer behavioral, neurophysiological, and synaptic
phenotypes characteristic of Down syndrome. The Journal of Neuroscience,
29(18), 5938-5948. http://doi.org/10.1523/jneurosci.1547-09.2009

Belkin, A M., & Burridge, K. (1994). Expression and localization of the
phosphoglucomutase-related cytoskeletal protein, aciculin, in skeletal muscle.
Journal of Cell Science, 107; 1993-2003.

Bentzinger, C. F., von Maltzahn, J., & Rudnicki, M. A. (2010). Extrinsic regulation of
satellite cell specification. Stem Cell Research & Therapy, 1(27), 1-8.
http://doi.org/10.1186/scrt27

Blais, A., Tsikitis, M., Acosta-alvear, D., Sharan, R., Kluger, Y., & Dynlacht, B. D.
(2005). An initial blueprint for myogenic differentiation An initial blueprint for
myogenic differentiation, 19(5), 553-569. http://doi.org/10.1101/gad.1281105

Blazek, J. D., Gaddy, A., Meyer, R., Roper, R. J., & Li, J. (2011). Disruption of bone
development and homeostasis by trisomy in Ts65Dn Down syndrome mice.
Bone, 48(2), 275-80. http://doi.org/10.1016/j.bone.2010.09.028

Bodensteiner, J. B. (2008). The evaluation of the hypotonic infant. Seminars in Pediatric
Neurology, 15(1), 10-20. http://doi.org/10.1016/j.spen.2008.01.003

Bottinelli, R., & Reggiani, C. (2000). Human skeletal muscle fibres: Molecular and
functional diversity. Progress in Biophysics and Molecular Biology, 73(2-4),
195-262. http://doi.org/10.1016/S0079-6107(00)00006-7

Braun, T., Bober, E., Rudnicki, M. A., Jaenisch, R., & Arnold, H. (1994). MyoD

expression marks the onset of skeletal myogenesis in Myf-5 mutant mice.
Development, 120, 3083-3092.

120



Braun, T., Rudnicki, M. A., Arnold, H. H., & Jaenisch, R. (1992). Targeted inactivation
of the muscle regulatory gene Myf-5 results in abnormal rib development and
perinatal death. Cell, 71(3), 369-382.

Brown, R., Taylor, J., & Matthews, B. (2001). Quality of life--ageing and Down
syndrome. Down’s Syndrome, Research and Practice. 6(3), 111-
116. doi:10.3104/case-studies.101

Buckley SJ, Bird G, Sacks B. (2002). Social development for individuals with Down
syndrome - An overview. Down Syndrome Issues and Information.
http://doi.org/doi:10.3104/9781903806210

Camara, J., Wang, Z., Nunes-Fonseca, C., Friedman, H. C., Grove, M., Sherman, D. L.,
... Ffrench-Constant, C. (2009). Integrin-mediated axoglial interactions initiate
myelination in the central nervous system. Journal of Cell Biology, 185(4),
699-712. http://doi.org/10.1083/jch.200807010

Cao, Y., Kumar, R. M., Penn, B. H., Berkes, C. A, Kooperberg, C., Boyer, L. A, ...
Tapscott, S. J. (2006). Global and gene-specific analyses show distinct roles for
Myod and Myog at a common set of promoters. The EMBO Journal, 25(3),
502-511. http://doi.org/10.1038/sj.emboj.7600958

Carmichael, C. L., Majewski, 1. J., Alexander, W. S., Metcalf, D., Hilton, D. J., Hewitt,
C. A., & Scott, H. S. (2009). Hematopoietic defects in the Ts1Cje mouse model
of Down syndrome. Blood, 113(9), 1929-1937. http://doi.org/10.1182/blood-
2008-06-161422

Chang, K. T., & Min, K. T. (2009). Upregulation of three Drosophila homologs of
human chromosome 21 genes alters synaptic function: implications for Down
syndrome. Proceedings of the National Academy of Sciences of the United
States of America, 106(40), 17117-17122.
http://doi.org/10.1073/pnas.0904397106

Chargé, S. B. P., & Rudnicki, M. A. (2004). Cellular and molecular regulation of muscle
regeneration. Physiological Reviews, 84(1), 209-238.
http://doi.org/10.1152/physrev.00019.2003

Chen, Z. L., & Strickland, S. (2003). Lamininyl is critical for Schwann cell
differentiation, axon myelination, and regeneration in the peripheral nerve.
Journal of Cell Biology, 163(4), 889-899.
http://doi.org/10.1083/jcb.200307068

Chinnery, P. F., Howel, D., Turnbull, D. M., & Johnson, M. A. (2003). Clinical
progression of mitochondrial myopathy is associated with the random
accumulation of cytochrome c oxidase negative skeletal muscle fibres. Journal
of the Neurological Sciences, 211(1-2), 63-66. http://doi.org/10.1016/S0022-
510X(03)00039-X

121


http://www.down-syndrome.org/doi/?10.3104/case-studies.101

Chomiak, T., & Hu, B. (2009). What is the optimal value of the g-ratio for myelinated
fibers in the rat CNS? A theoretical approach. PLoS ONE, 4(11), 1-7.
http://doi.org/10.1371/journal.pone.0007754

Ciciliot, S., Rossi, A. C., Dyar, K. A., Blaauw, B., & Schiaffino, S. (2013). Muscle type
and fiber type specificity in muscle wasting. The International Journal of
Biochemistry & Cell Biology, 45(10), 2191-2199.
http://doi.org/10.1016/j.biocel. 2013.05.016

Colas, J. F., & Schoenwolf, G. C. (2001). Towards a cellular and molecular
understanding of neurulation. Developmental Dynamics, 221(2), 117-45.
http://doi.org/10.1002/dvdy.1144

Conti, A., Fabbrini, F., D’Agostino, P., Negri, R., Greco, D., Genesio, R., ... Nitsch, L.
(2007). Altered expression of mitochondrial and extracellular matrix genes in
the heart of human fetuses with chromosome 21 trisomy. BMC Genomics, 8,
268. http://doi.org/10.1186/1471-2164-8-268

Coskun, P. E., & Busciglio, J. (2012). Oxidative stress and mitochondrial dysfunction in
Down’s syndrome: Relevance to aging and dementia. Current Gerontology and
Geriatrics Research, 2012. http://doi.org/10.1155/2012/383170

Cossec, J. C., Lavaur, J., Berman, D. E., Rivals, I., Hoischen, A, Stora, S., ... Potier, M.
C. (2012). Trisomy for synaptojaninl in Down syndrome is functionally linked
to the enlargement of early endosomes. Human Molecular Genetics, 21(14),
3156-3172. http://doi.org/10.1093/hmg/dds142

Costa, A C., Walsh, K., & Davisson, M. T. (1999). Motor dysfunction in a mouse model
for Down syndrome. Physiology & Behavior, 68(1-2), 211-20.
http://doi.org/10.1016/S0031-9384(99)00178-X

Costin-Kelly, N. (2008). Histological analysis of a muscle biopsy. The Biomedical
Scientist, 1063-1070.

Court, F. A., & Alvarez, J. (2005). Local regulation of the axonal phenotype, a case of
merotrophism. Biological Research, 38(4), 365-374. http://doi.org/10.4067/
S0716-97602005000400009

Court, F. A, Brophy, P. J., & Ribchester, R. R. (2008). Remodelling of motor nerve
terminals in demyelinating axons of periaxin null mutant mice, 56(4), 471-479.
http://doi.org/10.1002/glia.20620

Cowley, P. M., Keslacy, S., Middleton, F. A., DeRuisseau, L. R., Fernhall, B., Kanaley,
J. A., & DeRuisseau, K. C. (2012). Functional and biochemical characterization
of soleus muscle in Down syndrome mice: Insight into the muscle dysfunction
seen in the human condition. AJP: Regulatory, Integrative and Comparative
Physiology, 1251-1260. http://doi.org/10.1152/ajpregu. 00312.2012

Cowley, P. M., Ploutz-Snyder, L. L., Baynard, T., Heffernan, K., Jae, S. Y., Hsu, S., ...
Fernhall, B. (2010). Physical fitness predicts functional tasks in individuals

122



with down syndrome. Medicine and Science in Sports and Exercise, 42(2),
388-393. http://doi.org/10.1249/MSS.0b013e3181b07e7a

Cremona, O., Di Paolo, G., Wenk, M. R., Luthi, A., Kim, W. T., Takei, K., ... De
Camilli, P. (1999). Essential role of phosphoinositide metabolism in synaptic
vesicle recycling. Cell, 99(2), 179-188. http://doi.org/10.1016/S0092-
8674(00)81649-9

Cremona, O., Nimmakayalu, M., Haffner, C., Bray-Ward, P., Ward, D. C., & De
Camilli, P. (2000). Assignment of SYNJ1 to human chromosome 21¢22.2 and
Synj12 to the murine homologous region on chromosome 16C3-4 by in situ
hybridization. Cytogenetics and Cell Genetics, 88(1-2), 89-90.

Da Silva, T. F., Eira, J., Lopes, A. T., Malheiro, A. R., Sousa, V., Luoma, A., ... Brites,
P. (2014). Peripheral nervous system plasmalogens regulate Schwann cell
differentiation and myelination. Journal of Clinical Investigation, 124(6),
2560-2570. http://doi.org/10.1172/JC172063

Dambska, M., & Laure-Kamionowska, M. (1990). Myelination as a parameter of normal
and retarded brain maturation. Brain & Development, 12(2), 214-220.
http://doi.org/10.1159/000015493

Davis, T. A., & Fiorotto, M. L. (2009). Regulation of muscle growth in neonates.
Current Opinion in Clinical Nutrition and Metabolic Care, 12(1), 78 — 85.
http://doi.org/10.1097/MCO0.0b013e32831cefof.

Davisson, M. T., Schmidt, C., & Akeson, E. C. (1990). Segmental trisomy of murine
chromosome 16: a new model system for studying Down syndrome. Progress
in Clinical and Biological Research, 360, 263-280.

Deacon, R. M. J. (2013). Measuring the strength of mice. Journal of Visualized
Experiments : JoVE, (76), 2-5. http://doi.org/10.3791/2610

Deschenes, M. R. (2004). Effects of aging on muscle fibre type and size. Sports
Medicine, 34(12), 809-824.

Dey, A., Bhowmik, K., Chatterjee, A., Chakrabarty, P. B., Sinha, S., & Mukhopadhyay,
K. (2013). Down syndrome related muscle hypotonia: association with
COL6A3 functional SNP rs2270669. Frontiers in Genetics, 22(4),57.
http://doi.org/10.3389/fgene.2013.00057

Diaz, F., Thomas, C. K., Garcia, S., Hernandez, D., & Moraes, C. T. (2005). Mice
lacking COX10 in skeletal muscle recapitulate the phenotype of progressive
mitochondrial myopathies associated with cytochrome ¢ oxidase deficiency.
Human Molecular Genetics, 14(18), 2737-2748. http://doi.org/10.1093/
hmg/ddi307

Doddrell, R. D. S., Dun, X.-P., Moate, R. M., Jessen, K. R., Mirsky, R., & Parkinson, D.
B. (2012). Regulation of Schwann cell differentiation and proliferation by the

123



Pax-3 transcription factor. Glia, 60(9), 1269-78. http://doi.org/10.1002
/glia.22346

Dolva, A.-S., Coster, W., & Lilja, M. (2004). Functional performance in children with
Down syndrome. The American Journal of Occupational Therapy. 58(6), 621-
629. http://doi.org/10.5014/ajot.58.6.621

Down, J. L. (1995). Observations on an ethnic classification of idiots. Mental
Retardation, 33(1), 54-56. http://doi.org/10.1192/bjp.13.61.121

Duan, H., Li, Y., Yan, L., Yang, H., Wu, J., Qian, P., ... Wang, S. (2015). Rcanl-1L
overexpression induces mitochondrial autophagy and improves cell survival in
angiotensin Il-exposed cardiomyocytes. Experimental Cell Research, 335(1),
99-106. http://doi.org/10.1016/j.yexcr.2015.05.003

Duchon, A., Raveau, M., Chevalier, C., Nalesso, V., Sharp, A. J., & Herault, Y. (2011).
Identification of the translocation breakpoints in the Ts65Dn and Ts1Cje mouse
lines: Relevance for modeling Down syndrome. Mammalian Genome, 22(11-
12), 674-684. http://doi.org/10.1007/s00335-011-9356-0

Egan, J. F. X, Benn, P. A, Zelop, C. M., Bolnick, A., Gianferrari, E., & Borgida, A. F.
(2004). Down syndrome births in the United States from 1989 to 2001.
American Journal of Obstetrics and Gynecology, 191(3), 1044-1048.
http://doi.org/10.1016/j.ajog.2004.06.050

Ermak, G., & Davies, K. J. A. (2013). Chronic high levels of the RCAN1-1 protein may
promote neurodegeneration and Alzheimer disease. Free Radical Biology and
Medicine, 62, 47-51. http://doi.org/10.1016/j.freeradbiomed.2013.01.016

Ermak, G., Sojitra, S., Yin, F., Cadenas, E., Cuervo, A. M., & Davies, K. J. A. (2012).
Chronic expression of RCAN1-1L protein induces mitochondrial autophagy
and metabolic shift from oxidative phosphorylation to glycolysis in neuronal
cells. Journal of Biological Chemistry, 287(17), 14088-14098. http://doi.org/
10.1074/jbc.M111.305342

Fehon, R. G., McClatchey, A. I., & Bretscher, A. (2010). Organizing the cell cortex: the
role of ERM proteins. Nature Reviews. Molecular Cell Biology, 11(4), 276-
287. http://doi.org/10.1038/nrm2955

Feltri, M. L., Poitelon, Y., & Previtali, S. C. (2015). How Schwann cells sort axons: new
concepts. The Neuroscientist. http://doi.org/10.1177/1073858415572361

Fernhall, B., Mendonca, G. V, & Baynard, T. (2013). Reduced work capacity in
individuals with Down syndrome: a consequence of autonomic dysfunction.
Exercise and Sport Sciences Reviews, 41(3), 138-147. http://doi.org/10.1097
/JES.0b013e318292f408

Fex Svennigsen, A., & Dahlin, L. B. (2013). Repair of the peripheral nerve

remyelination that works. Brain Sciences, 3(3), 1182-97. http://doi.org/
10.3390/brainsci3031182

124



Fiévet, B., Louvard, D., & Arpin, M. (2007). ERM proteins in epithelial cell
organization and functions. Biochimica Biophysica Acta, 1773(5), 653-660.
http://doi.org/10.1016/j.bbamcr.2006.06.013

Florian Bentzinger, C., Wang, Y. X., & Rudnicki, M. A. (2012). Building muscle:
Molecular regulation of myogenesis. Cold Spring Harbor Perspectives in
Biology, 4(2). http://doi.org/10.1101/cshperspect.a008342

Fomby, P., & Cherlin, A. J. (2011). Cytochrome c oxidase deficiency in human posterior
cricoarytenoid muscle. Journal of  Voice, 25(4), 387-394.
http://doi.org/doi:10.1016 /j.jvoice.2010.03.002

Fournier, A. J., Hogan, J. D., Rajbhandari, L., Shrestha, S., Venkatesan, A., & Ramesh,
K. T. (2015). Changes in neurofilament and microtubule distribution following
focal axon compression. PLOS ONE, 10(6), e0131617. http://doi.org/10.1371/
journal.pone.0131617

Francetic, T., & Li, Q. (2011). Skeletal myogenesis and Myf5 activation. Transcription,
2(3), 109-114. http://doi.org/10.4161/trns.2.3.15829

Frontera, W. R., & Ochala, J. (2015). Skeletal Muscle: A brief review of structure and
function. Calcified Tissue International, 96(3), 183-195.
http://doi.org/10.1007/ s00223-014-9915-y

Fujiwara, M., Hasebe, T., Kajita, M., Ishizuya-Oka, A., Ghazizadeh, M., & Kawanami,
O. (2011). RCANL1 regulates vascular branching during xenopus laevis
angiogenesis. ~ Journal of  Vascular Research, 48(2), 104-118.
http://doi.org/10.1159/000316873

Fukui, H., Diaz, F., Garcia, S., & Moraes, C. T. (2007). Cytochrome ¢ oxidase
deficiency in neurons decreases both oxidative stress and amyloid formation in
a mouse model of Alzheimer’s disease. Proceedings of the National Academy
of Sciences of the United States of America, 104(35), 14163-8.
http://doi.org/10.1073/pnas.0705738104

Galante, M., Jani, H., Vanes, L., Daniel, H., Fisher, E. M. C., Tybulewicz, V. L. J,, ...
Morice, E. (2009). Impairments in motor coordination without major changes
in cerebellar plasticity in the Tcl mouse model of Down syndrome. Human
Molecular Genetics, 18(8), 1449-1463. http://doi.org/10.1093/hmg/ddp055

Galdzicki, Z., Siarey, R., Pearce, R., Stoll, J., & Rapoport, S. I. (2001). On the cause of
mental retardation in Down syndrome: Extrapolation from full and segmental
trisomy 16 mouse models. Brain Research Reviews, 35(2), 115-145.
http://doi.org/10.1016/S0926-6410(00)00074-4

Galli, M., Cimolin, V., Patti, P., Ferrario, D., Heaney, G., Albertini, G., & Freedland, R.
(2010). Quantifying established clinical assessment measures using 3D-
movement analysis in individuals with Down syndrome. Disability and
Rehabilitation, 32(21), 1768-1774. http://doi.org/10.3109/09638281003734367

125



Galli, M., Rigoldi, C., Brunner, R., Virji-Babul, N., & Giorgio, A. (2008). Joint stiffness
and gait pattern evaluation in children with Down syndrome. Gait & Posture,
28(3), 502-506. http://doi.org/10.1016/j.gaitpost.2008.03.001

Gayraud-Morel, B., Chrétien, F., Flamant, P., Gomgs, D., Zammit, P. S., & Tajbakhsh,
S. (2007). A role for the myogenic determination gene Myf5 in adult
regenerative  myogenesis.  Developmental Biology, 312(1), 13-28.
http://doi.org/10.1016/ j.ydbio.2007.08.059

Gensch, N., Borchardt, T., Schneider, A., Riethmacher, D., & Braun, T. (2008).
Different autonomous myogenic cell populations revealed by ablation of Myf5-
expressing cells during mouse embryogenesis. Development, 135(9), 1597—
1604. http://doi.org/10.1093/rheumatology/kel102

Gokhin, D. S., & Fowler, V. M. (2011). Tropomodulin capping of actin filaments in
striated muscle development and physiology. Journal of Biomedicine and
Biotechnology, 2011. http://doi.org/10.1155/2011/103069

Gokhin, D. S., Lewis, R. A., McKeown, C. R., Nowak, R. B., Kim, N. E., Littlefield, R.
S., ... Fowler, V. M. (2010). Tropomodulin isoforms regulate thin filament
pointed-end capping and skeletal muscle physiology. Journal of Cell Biology,
189(1), 95-109. http://doi.org/10.1083/jch.201001125

Greene, N. D. E., & Copp, A. J. (2009). Development of the vertebrate central nervous
system: formation of the neural tube. Prenatal Diagnosis, 29(4), 303-311.
http://doi.org /10.1002/pd.2206

Grandis, M., Leandri, M., Vigo, T., Cilli, M., Sereda, M. W., Gherardi, G., ... Schenone,
A. (2004). Early abnormalities in sciatic nerve function and structure in a rat
model of Charcot-Marie-Tooth type 1A disease. Experimental Neurology,
190(1), 213-223. http://doi.org/10.1016/j.expneurol.2004.07.008

Gropp, A. (1974). Animal model of human disease. Autosomal trisomy, developmental
impairment and fetal death. The American Journal of Pathology, 77(3), 539—
42. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/4473901

Gros, J., Manceau, M., Thome, V., & Marcelle, C. (2005). A common somitic origin for
embryonic muscle progenitors and satellite cells. Nature, 435(7044), 954-958.
http://doi.org/10.1038/nature03572

Guidi, S., Bonasoni, P., Ceccarelli, C., Santini, D., Gualtieri, F., Ciani, E., & Bartesaghi,
R. (2008). Neurogenesis impairment and increased cell death reduce total
neuron number in the hippocampal region of fetuses with Down syndrome.
Brain Pathology, 18(2), 180-197. http://doi.org/10.1111/j.17503639.2007.
00113.x

Guidi, S., Ciani, E., Bonasoni, P., Santini, D., & Bartesaghi, R. (2011). Widespread
proliferation impairment and hypocellularity in the cerebellum of fetuses with
Down syndrome. Brain Pathology, 21(4), 361-373. http://doi.org/10.1111/j.
1750-3639.2010.00459.x

126



Hagiwara, N. (2014). Genetic dissection of the physiological role of skeletal muscle in
metabolic syndrome. New Journal of Science, 1-21. http://doi.org/10.1155/
2014/635146

Haldar, M., Karan, G., Tvrdik, P., & Capecchi, M. R. (2008). Two cell lineages, myf5
and myf5-independent, participate in  mouse skeletal myogenesis.
Developmental Cell, 14(3), 437-445.
http://doi.org/10.1016/j.devcel.2008.01.002

Hallmann, R., Horn, N., Selg, M., Wendler, O., Pausch, F., & Sorokin, L. M. (2005).
Expression and function of laminins in the embryonic and mature vasculature.
Physiological Reviews, 85(3), 979-1000. http://doi.org/10.1152/physrev.
00014.2004

Hasty, P., Bradley, A., Morris, J. H., Edmondson, D. G., Venuti, J. M., Olson, E. N., &
Klein, W. H. (1993). Muscle deficiency and neonatal death in mice with a
targeted mutation in the myogenin gene. Nature, 364(6437), 501-506.
http://doi.org/10.1038/364501a0

Helguera, P., Seiglie, J., Rodriguez, J., Hanna, M., Helguera, G., & Busciglio, J. (2013).
Adaptive downregulation of mitochondrial function in Down syndrome. Cell
Metabolism, 17(1), 132-140. http://doi.org/10.1016/j.cmet.2012.12.005

Hill, A. (2005). Neonatal Hypotonia. Current Management in Child Neurology, 3 (Ed),
BC Decker Inc, 18, 528-534.

Hill, C. A., Sussan, T. E., Reeves, R. H., & Richtsmeier, J. T. (2009). Complex
contributions of Ets2 to craniofacial and thymus phenotypes of trisomic “Down
syndrome” mice. American Journal of Medical Genetics. Part A, 149A(10),
2158-2165. http://doi.org/10.1002/ajmg.a.33012

Hinits, Y., Williams, V. C., Sweetman, D., Donn, T. M., Ma, T. P., Moens, C. B., &
Hughes, S. M. (2011). Defective cranial skeletal development, larval lethality
and haploinsufficiency in Myod mutant zebrafish. Developmental Biology,
358(1), 102-112. http://doi.org/10.1016/j.ydbio.2011.07.015

Hoe, T. S., Boo, N. Y., & Clyde, M. M. (1989). Incidence of Down’s syndrome in a
large Malaysian maternity hospital over an 18 month period. Singapore
Medical Journal. 30(3):246-8.

Holtzman, D. M., Santucci, D., Kilbridge, J., Chua-Couzens, J., Fontana, D. J., Daniels,
S. E., ... Mobley, W. C. (1996). Developmental abnormalities and age-related
neurodegeneration in a mouse model of Down syndrome. Proceedings of the
National Academy of Sciences of the United States of America, 93(23), 13333-
13338. http://doi.org/10.1073/pnas.93.23.13333

Hudson, D. M., Joeng, K. S., Werther, R., Rajagopal, A., Weis, M., Lee, B. H., & Eyre,

D. R. (2015). Post-translationally abnormal collagens of prolyl 3-hydroxylase-2
null mice offer a pathobiological mechanism for the high myopia linked to

127



human LEPREL1 mutations. The Journal of Biological Chemistry, 290(13),
8613-8622. http://doi.org/10.1074/jbc.M114.634915

Hunter, J. E., Allen, E. G., Shin, M., Bean, L. J., Correa, a, Druschel, C., ... Sherman, S.
L. (2013). The association of low socioeconomic status and the risk of having a
child with Down syndrome: a report from the national Down syndrome project.
Genetic Medicine, 15(9), 698-705. http://doi.org/10.1038/gim.2013.34

Hunter, M. P., Nelson, M., Kurzer, M., Wang, X., Kryscio, R. J., Head, E., ... O’Bryan,
J. P. (2011). Intersectin 1 contributes to phenotypes in vivo: implications for
Down’s syndrome. Neuroreport, 22(15), 767-772.
http://doi.org/10.1097/WNR. 0b013e32834ae348

Hyde, L. A, Crnic, L. S., Pollock, A, & Bickford, P. C. (2001). Motor learning in
Ts65Dn mice, a model for Down syndrome. Developmental Psychobiology,
38(1), 33-45.

Ikeda, M., & Oka, Y. (2012). The relationship between nerve conduction velocity and
fiber morphology during peripheral nerve regeneration. Brain and Behavior,
2(4), 382-390. http://doi.org/10.1002/brb3.61

Ishihara, K., Amano, K., Takaki, E., Shimohata, A., Sago, H., J. Epstein, C., &
Yamakawa, K. (2010). Enlarged brain ventricles and impaired neurogenesis in
the Ts1Cje and Ts2Cje mouse models of down syndrome. Cerebral Cortex,
20(5), 1131-1143. http://doi.org/10.1093/cercor/bhpl176

Jacob, C. (2015). Transcriptional control of neural crest specification into peripheral
glia. Glia, 63(11), 1883-1896. http://doi.org/10.1002/glia.22816

Jacob, C., Létscher, P., Engler, S., Baggiolini, A., Varum Tavares, S., Brugger, V., ...
Suter, U. (2014). HDAC1 and HDAC2 control the specification of neural crest
cells into peripheral glia. The Journal of Neuroscience, 34(17), 6112-22.
http://doi.org/10.1523/ jneurosci.5212-13.2014

Jarnum, S., Kjellman, C., Darabi, A., Nilsson, 1., Edvardsen, K., & Aman, P. (2004).
LEPREL1, a novel ER and Golgi resident member of the Leprecan family.
Biochemical and Biophysical Research Communications, 317(2), 342-351.
http://doi.org/10.1016/j.bbrc.2004.03.060

Jobling, A. (1998). Motor development in school-aged children with Down syndrome: a
longitudinal perspective. International Journal of Disability, Development and
Education, 45(3), 283-293. http://doi.org/10.1080/ 1034912980450304

Jover, M., Ayoun, C., Berton, C., & Carlier, M. (2010). Specific grasp characteristics of
children with trisomy 21. Developmental Psychobiology, 52(8), 782-793.
http://doi.org/10.1002/dev.20474

Kablar, B., Krastel, K., Tajbakhsh, S., & Rudnicki, M. A. (2003). Myf5 and MyoD
activation define independent myogenic compartments during embryonic

128



development. Developmental Biology, 258(2), 307-318. http://doi.org/10.1016/
S0012-1606(03)00139-8

Kablar, B., & Rudnicki, M. A. (2000). Skeletal muscle development in the mouse
embryo. Histology and Histopathology, 15(2), 649-656.

Kaplan, S., Odaci, E., Unal, B., Sahin, B., & Fornaro, M. (2009). Development of the
peripheral nerve. International Review of Neurobiology, 87(C), 9-26.
http://doi.org/10.1016/S0074-7742(09)87002-5

Karagiannis, P., Babu, G. J., Periasamy, M., & Brozovich, F. V. (2004). Myosin heavy
chain isoform expression regulates shortening velocity in smooth muscle:
studies using an SMB KO mouse line. Journal of Muscle Research and Cell
Motility, 25(2), 149-158.

Kasari, C., & Freeman, S. F. (2001). Task-related social behavior in children with Down
syndrome. American Journal of Mental Retardation, 106(3), 253-264.
http://doi.org/10.1352/0895-8017(2001)106<0253:trshic>2.0.c0;2

Kassar-Duchossoy, L., Gayraud-Morel, B., Gomes, D., Rocancourt, D., Buckingham,
M., Shinin, V., & Tajbakhsh, S. (2004). Mrf4 determines skeletal muscle
identity in Myf5:Myod double-mutant mice. Nature, 431(7007), 466-471.
http://doi.org/10.1038/nature02876

Kato, N., Matsumoto, M., Kogawa, M., Atkins, G. J., Findlay, D. M., & Fujikawa, T.
(2013). Critical role of p38 MAPK for regeneration of the sciatic nerve
following crush injury in vivo. Journal of Neuroinflammation, 10(1), 1.
http://doi.org/10.1186/1742-2094-10-1

Kearney, K., & Gentile, A. M. (2003). Prehension in young children with Down
syndrome. Acta Psychologica, 112(1), 3-16. http://doi.org/10.1016/S0001-
6918(02)00083-5

Keating, D. J., Dubach, D., Zanin, M. P., Yu, Y., Martin, K., Zhao, Y .-F., ... Pritchard,
M. A. (2007). DSCR1/RCANL1 regulates vesicle exocytosis and fusion pore
kinetics: implications for Down syndrome and Alzheimer’s disease. Human
Molecular Genetics, 17(7), 1020-1030. http://doi.org/10.1093/hmg/ddm374

Kelley, C. A. (1997). Characterization of isoform diversity among smooth muscle and
nonmuscle myosin heavy chains. Comparative Biochemistry and Physiology.
Part B, Biochemistry & Molecular Biology, 117(1), 39-49.

Kerns, J. M. (2008). The microstructure of peripheral nerves. Techniques in Regional
Anesthesia and Pain Management, 12(3), 127-133. http://doi.org/10.1053/
j.trap.2008.03.001

Kim, S. H., Vlkolinsky, R., Cairns, N., & Lubec, G. (2000). Decreased levels of
complex 111 core protein 1 and complex V beta chain in brains from patients
with Alzheimer’s disease and Down syndrome. Cellular and Molecular Life
Sciences, 57(12), 1810-1816

129



Klopfleisch, S., Merkler, D., Schmitz, M., Kléppner, S., Schedensack, M., Jeserich, G.,

. Brick, W. (2008). Negative impact of statins on oligodendrocytes and

myelin formation in vitro and in vivo. The Journal of Neuroscience, 28(50),
13609-13614. http://doi.org/10.1523/jneurosci.2765-08.2008

Koh, T.-W., Verstreken, P., & Bellen, H. J. (2004). Dapl60/intersectin acts as a
stabilizing scaffold required for synaptic development and vesicle endocytosis.
Neuron, 43(2), 193-205. http://doi.org/10.1016/j.neuron.2004.06.029

Koo, B. K. K., Blaser, S., Harwood-Nash, D., Becker, L. E., & Murphy, E. G. (1992).
Magnetic resonance imaging evaluation of delayed myelination in Down
syndrome: A case report and review of the literature. Journal of Child
Neurology, 7(4), 417-421. http://doi.org/10.1177/088307389200700417

Korenberg, J. R., Chen, X. N., Schipper, R., Sun, Z., Gonsky, R., Gerwehr, S., ...
Disteche, C. (1994). Down syndrome phenotypes: the consequences of
chromosomal imbalance. Proceedings of the National Academy of Sciences of
the United States of America, 91(11), 4997-5001. http://doi.org/10.1073/
pnas.91.23.11281a

Knott, A. B., Perkins, G., Schwarzenbacher, R., & Ella Bossy-Wetzel. (2009).
Mitochondrial ~ fragmentation in  neurodegeneration. Nature Review
Neuroscience, 9(7), 505-518. http://doi.org/10.1038/nrn2417.mitochondrial

Kraemer, B. R., Mclintyre, L. L., & Blacher, J. (2003). Quality of life for young adults
with mental retardation during transition. Mental Retardation, 41(4), 250-262.
http://doi.org/10.1352/0047-6765(2003)41<250:qolfya>2.0.c0;2

Kriz, J., Zhu, Q., Julien, J.-P., & Padjen, A. L. (2000). Electrophysiological properties of
axons in mice lacking neurofilament subunit genes: disparity between
conduction velocity and axon diameter in absence of NF-H. Brain Research,
885(1), 32—44. http://doi.org/10.1016/S0006-8993(00)02899-7

Kuang, S., Kuroda, K., Le Grand, F., & Rudnicki, M. A. (2007). Asymmetric self-
renewal and commitment of satellite stem cells in muscle. Cell, 129(5), 999-
1010. http://doi.org/10.1016/j.cell.2007.03.044

Kubis, H.-P., Scheibe, R. J., Meissner, J. D., Hornung, G., & Gros, G. (2002). Fast-to-
slow transformation and nuclear import/export kinetics of the transcription
factor NFATc1 during electrostimulation of rabbit muscle cells in culture. The
Journal of Physiology, 541(3), 835-847.
http://doi.org/10.1113/jphysiol.2002.017574

Kumar, S., Yin, X., Trapp, B. D., Hoh, J. H., & Paulaitis, M. E. (2002). Relating
interactions between neurofilaments to the structure of axonal neurofilament
distributions through polymer brush models. Biophysical Journal, 82(5), 2360—
2372. http://doi.org/10.1016/S0006-3495(02)75581-1

130



Laffaire, J., Rivals, 1., Dauphinot, L., Pasteau, F., Wehrle, R., Larrat, B., ... Potier, M.-
C. (2009). Gene expression signature of cerebellar hypoplasia in a mouse
model of Down syndrome during postnatal development. BMC Genomics, 10,
138. http://doi.org/10.1186/1471-2164-10-138

Lana-Elola, E., Watson-Scales, S. D., Fisher, E. M. C., & Tybulewicz, V. L. J. (2011).
Down syndrome: searching for the genetic culprits. Disease Models &
Mechanisms, 4(5), 586-595. http://doi.org/10.1242/dmm.008078

Latash, M. L., Kang, N., & Patterson, D. (2002). Finger coordination in persons with
Down syndrome: Atypical patterns of coordination and the effects of practice.
Experimental Brain Research, 146(3), 345-355. http://doi.org/10.1007/s00221-
002-1189-3

Launay, T., Armand, A. S., Charbonnier, F., Mira, J. C., Donsez, E., Gallien, C. L., &
Chanoine, C. (2001). Expression and neural control of myogenic regulatory
factor genes during regeneration of mouse soleus. The Journal of
Histochemistry and Cytochemistry, 49(7), 887-899.
http://doi.org/10.1177/002215540104900709

Lepper, C., & Fan, C. (2011). Inducible lineage tracing of Pax7-descendant cells reveals
embryonic  origin  of adult satellite cells, 48(7), 424-436.
http://doi.org/10.1002/dvg.20630

Leyenaar, J., Camfield, P., & Camfield, C. (2005). A schematic approach to hypotonia
in infancy. Paediatrics and Child Health, 10(7), 397-400.

Li, Z., Yu, T., Morishima, M., Pao, A., LaDuca, J., Conroy, J., ... Yu, Y. E. (2007).
Duplication of the entire 22.9 Mb human chromosome 21 syntenic region on
mouse chromosome 16 causes cardiovascular and gastrointestinal
abnormalities.  Human  Molecular ~ Genetics, 16(11), 1359-1366.
http://doi.org/10.1093/ hmg/ddm086

Lindle, R. S., Metter, E. J., Lynch, N. A, Fleg, J. L., Fozard, J. L., Tobin, J., ... Hurley,
B. F. (1997). Age and gender comparisons of muscle strength in 654 women
and men aged 20-93 yr. Journal of Applied Physiology, 83(5), 1581-1587.

Lott, I. T., & Dierssen, M. (2010). Cognitive deficits and associated neurological
complications in individuals with Down’s syndrome. The Lancet Neurology,
9(6), 623-633. http://doi.org/10.1016/S1474-4422(10)70112-5

Luca, A. De. (2014). Use of grip strength meter to assess the limb strength of mdx mice,
Treatment Neuromuscular Disease, (1d), 1-11.

Luthi, a, Di Paolo, G., Cremona, O., Daniell, L., De Camilli, P., & McCormick, D. A.
(2001). Synaptojanin 1 contributes to maintaining the stability of GABAergic
transmission in primary cultures of cortical neurons. The Journal of
Neuroscience, 21(23), 9101-11.

131



Lyle, R., Gehrig, C., Neergaard-Henrichsen, C., Deutsch, S., & Antonarakis, S. E.
(2004). Gene expression from the aneuploid chromosome in a trisomy mouse
model of Down syndrome. Genome Research, 14(7), 1268-1274.
http://doi.org/10.1101/gr.2090904

Macaluso, A., & De Vito, G. (2004). Muscle strength, power and adaptations to
resistance training in older people. European Journal of Applied Physiology,
91(4), 450-72. http://doi.org/10.1007/s00421-003-0991-3

Maggs, A. M., Huxley, C., & Hughes, S. M. (2008). Nerve-dependent changes in
skeletal muscle myosin heavy chain after experimental denervation and cross-
reinnervation and in a demyelinating mouse model of Charcot-Marie-Tooth
disease type 1A Muscle & Nerve, 38(6), 1572-1584.
http://doi.org/10.1002/mus.21106

Malak, R., Kotwicka, M., Krawczyk-Wasielewska, A., Mojs, E., & Samborski, W.
(2013). Motor skills, cognitive development and balance functions of children
with Down syndrome. Annals of Agricultural and Environmental Medicine,
20(4), 803-6.

Malan, D., Reppel, M., Dobrowolski, R., Roell, W., Smyth, N., Hescheler, J., ...
Fleischmann, B. K. (2009). Lack of laminin gammal in embryonic stem cell-
derived cardiomyocytes causes inhomogeneous electrical spreading despite
intact differentiation and function. Stem Cells, 27(1), 88-99. http://doi.org/
10.1634/stemcells.2008-0335

Malinge, S., lzraeli, S., & Crispino, J. D. (2009). Insights into the manifestations,
outcomes, and mechanisms of leukemogenesis in Down syndrome. Blood,
113(12), 2619-2628. http://doi.org/10.1182/blood-2008-11-163501

Mani, M., Lee, S. Y., Lucast, L., Cremona, O., Paolo, G. Di, Camilli, P. De, & Ryan, T.
A. (2007). The dual phosphatase activity of Synaptojaninl is require for both
efficient synaptic vesicle internalization and re-availability at nerve terminals.
Neuron, 56(6), 1004-1018. http://doi.org/10.1016/j.neuron.2007.10.032.The

Mao, R., Wang, X., Spitznagel, E. L., Frelin, L. P., Ting, J. C., Ding, H., ... Pevsner, J.
(2005). Primary and secondary transcriptional effects in the developing human
Down syndrome brain and heart. Genome Biology, 6(13), R107.
http://doi.org/10.1186/gb-2005-6-13-r107

Marieb, E. N., & Hoehn, K. (2012). Mastering A&P, human anatomy & physiology
(10th ed), Benjamin-Cummings. pp. 278-320

Marini, J. C., Cabral, W. A., & Barnes, A. M. (2010). Null mutations in LEPRE1 and
CRTAP cause severe recessive osteogenesis imperfecta. Cell and Tissue
Research, 339(1), 59-70. http://doi.org/10.1007/s00441-009-0872-0

Marini, J. C., Cabral, W. A., Barnes, A. M., & Chang, W. (2007). Components of the

collagen prolyl 3-hydroxylation complex are crucial for normal bone
development. Cell Cycle, 6(14), 1675-1681.

132



Martin, K. R., Corlett, A., Dubach, D., Mustafa, T., Coleman, H. A., Parkington, H. C.,

Pritchard, M. A. (2012). Over-expression of RCAN1 causes Down

syndrome-like hippocampal deficits that alter learning and memory. Human
Molecular Genetics, 21(13), 3025-3041. http://doi.org/10.1093/hmg/dds134

Martinez De Lagran, M., Altafaj, X., Gallego, X., Marti, E., Estivill, X., Sahun, 1., ...
Dierssen, M. (2004). Motor phenotypic alterations in TgDyrkla transgenic
mice implicate DYRKZ1A in Down syndrome motor dysfunction. Neurobiology
of Disease, 15(1), 132-142. http://doi.org/10.1016/j.nbd.2003.10.002

Martini, R. (2001). The effect of myelinating Schwann cells on axons. Muscle and
Nerve, 24(4), 456-466. http://doi.org/10.1002/mus.1027

Masi, A. T., & Hannon, J. C. (2008). Human resting muscle tone (HRMT): Narrative
introduction and modern concepts. Journal of Bodywork and Movement
Therapies, 12(4), 320-332. http://doi.org/10.1016/j.jbmt.2008.05.007

Maurel, P., & Salzer, J. L. (2000). Axonal regulation of Schwann cell proliferation and
survival and the initial events of myelination requires Pl 3-kinase activity. The
Journal of Neuroscience, 20(12), 4635-4645.

Mclntire, L. B. J., Berman, D. E., Myaeng, J., Staniszewski, A., Arancio, O., Di Paolo,
G., & Kim, T.-W. (2012). Reduction of synaptojanin 1 ameliorates synaptic and
behavioral impairments in a mouse model of alzheimer’s disease. Journal of
Neuroscience, 32(44), 15271-15276. http://doi.org/10.1523/jneurosci.2034-
12.2012

Merkler, D., Boretius, S., Stadelmann, C., Ernsting, T., Michaelis, T., Frahm, J., &
Brick, W. (2005). Multicontrast MRI of remyelination in the central nervous
system. NMR in Biomedicine, 18(6), 395-403. http://doi.org/10.1002/nbm.972

Mescher, A. L. (2013). Junqueira’s basic histology: text and atlas. (12th ed.). Mc Graw
Hill. pp. 167-184.

Metter, E. J., Conwit, R., Tobin, J., & Fozard, J. L. (1997). Age-associated loss of power
and strength in the upper extremities in women and men. The Journals of
Gerontology. Series A, Biological Sciences and Medical Sciences, 52(5), B267-
B276. http://doi.org/10.1093/gerona/52A.5.B267

Michailov, G. V, Sereda, M. W., Brinkmann, B. G., Fischer, T. M., Haug, B.,
Birchmeier, C., ... Nave, K. A. (2004). Axonal neuregulin-1 regulates myelin
sheath thickness. Science, 304(5671), 700-703. http://doi.org/10.1126/
science.1095862

Miller, D. J., Duka, T., Stimpson, C. D., Schapiro, S. J., Baze, W. B., McArthur, M. J.,
. Sherwood, C. C. (2012). Prolonged myelination in human neocortical
evolution. Proceedings of the National Academy of Sciences, 109(41), 16480-

16485. http://doi.org/10.1073/pnas.1117943109

133



Miner, J. H., Li, C., Mudd, J. L., Go, G., & Sutherland, A. E. (2004). Compositional and
structural requirements for laminin and basement membranes during mouse
embryo implantation and gastrulation. Development, 131(10), 2247-2256.
http://doi.org/10.1242/dev.01112

Mgller, A. R. (2011). Anatomy and physiology of peripheral nervous system; In
intraoperative neurophysiological monitoring (3rd ed). New York : Springer,
pp. 261-267.

Molt, S., Bihrdel, J. B., Yakovlev, S., Schein, P., Orfanos, Z., Kirfel, G., ... Furst, D. O.
(2014). Aciculin interacts with filamin C and Xin and is essential for myofibril
assembly, remodeling and maintenance. Journal of Cell Science, 3578-3592.
http://doi.org/10.1242/jcs.152157

Monk, K. R., Feltri, M. L., & Taveggia, C. (2015). New insights on schwann cell
development. Glia, 63(8):1376-93. http://doi.org/10.1002/glia.22852

Monk, K. R., Oshima, K., Jors, S., Heller, S., & Talbot, W. S. (2011). Gprl26 is
essential for peripheral nerve development and myelination in mammals.
Development, 138(13), 2673-2680. http://doi.org/10.1242/dev.062224

Mon-Williams, M., Tresilian, J. R., Bell, V. E., Coppard, V. L., Jobling, A., & Carson,
R. G. (2001). The preparation of reach to grasp movements in adults with
Down syndrome. Human Movement Science, 20(4-5), 587-602.
http://doi.org/10.1016/ S0167-9457(01)00069-0

Moore, C. S., Hawkins, C., Franca, A., Lawler, A., Devenney, B., Das, I., & Reeves, R.
H. (2010). Increased male reproductive success in Ts65Dn “Down syndrome”
mice. Mammalian Genome, 21(11-12), 543-549.
http://doi.org/10.1007/s00335-010-9300-8

Moore, K. L., Persaud, T. V. N., & Torchia, M. G. (2011). The developing human:
clinically oriented embryology (9th ed.). Philadelphia: Saunders.

Muller, F. L., Song, W., Liu, Y., Chaudhuri, A., Pieke-Dahl, S., Strong, R., ... Van
Remmen, H. (2006). Absence of CuZn superoxide dismutase leads to elevated
oxidative stress and acceleration of age-dependent skeletal muscle atrophy.
Free  Radical Biology and Medicine,  40(11), 1993-2004.
http://doi.org/10.1016/ j.freeradbiomed.2006.01.036

Murphy, R. A., Walker, J. S., & Strauss, J. D. (1997). Myosin isoforms and functional
diversity in vertebrate smooth muscle. Comparative Biochemistry and
Physiology. Part B, Biochemistry & Molecular Biology, 117(1), 51-
60. http://doi.org/10.1016/S0304-0491(96)00314-8

Myer, A, Olson, E. N., & Klein, W. H. (2001). MyoD cannot compensate for the
absence of myogenin during skeletal muscle differentiation in murine
embryonic stem cells. Developmental Biology, 229(2), 340-350.
http://doi.org/10.1006/ dbio.2000.9985

134


http://doi.org/10.1016/S0304-0491(96)00314-8

Nabeshima, Y., Hanaoka, K., Hayasaka, M., Esumi, E., Li, S., Nonaka, I., & Nabeshima,
Y. (1993). Myogenin gene disruption results in perinatal lethality because of
severe muscle defect. Nature, 364(6437), 532-535.
http://doi.org/10.1038/364532a0

Nave, K. A. (2010a). Myelination and support of axonal integrity by glia. Nature,
468(7321), 244-252. http://doi.org/10.1038/nature09614

Nave, K. A. (2010b). Myelination and the trophic support of long axons. Nature Reviews
Neuroscience, 11(4), 275-283. http://doi.org/10.1038/nrn2797

Nguyen, N. M., & Senior, R. M. (2006). Laminin isoforms and lung development: All
isoforms are not equal. Developmental Biology, 294(2), 271-279.
http://doi.org/10.1016/j.ydbio.2006.03.032

Niggli, V., & Rossy, J. (2008). Ezrin/radixin/moesin: Versatile controllers of signaling
molecules and of the cortical cytoskeleton. International Journal of
Biochemistry and Cell Biology, 40(3), 344-349.
http://doi.org/10.1016/j.biocel.2007.02.012

Nikolaienko, O., Nguyen, C., Crinc, L. S., Cios, K. J., & Gardiner, K. (2005). Human
chromosome 21/Down syndrome gene function and pathway database. Gene,
364, 90-8. http://doi.org/10.1016/j.gene.2005.07.019

Novas, R. B., Fazan, V. P. S., & Felipe, J. C. (2015). A new method for automated
identification and morphometry of myelinated fibers through light microscopy
image analysis. Journal of Digital Imaging, 1-10.
http://doi.org/10.1007/s10278-015-9804-6

Nowak, K. J., & Davies, K. E. (2004). Duchenne muscular dystrophy and dystrophin:
pathogenesis and opportunities for treatment. EMBO Reports, 5(9), 872-876.
http://doi.org/10.1038/sj.embor.7400221

Ochala, J., Gokhin, D. S., lwamoto, H., & Fowler, V. M. (2014). Pointed-end capping
by tropomodulin modulates actomyosin crossbridge formation in skeletal
muscle fibers. FASEB Journal, 28(1), 408-415. http://doi.org/10.1096/fj.13-
239640

Oliver, T. R., Feingold, E., Yu, K., Cheung, V., Tinker, S., Yadav-Shah, M., ...
Sherman, S. L. (2008). New insights into human nondisjunction of
chromosome 21 in oocytes. PLoS Genetics, 4(3), 1-9.
http://doi.org/10.1371/journal. pgen.1000033

Olson, L. E., Roper, R. J., Baxter, L. L., Carlson, E. J., Epstein, C. J., & Reeves, R. H.
(2004). Down syndrome mouse models Ts65Dn, Ts1Cje, and Ms1Cje/Ts65Dn
exhibit variable severity of cerebellar phenotypes. Developmental Dynamics,
230(3), 581-589. http://doi.org/10.1002/dvdy.20079

Olson, L. E., Roper, R. J., Sengstaken, C. L., Peterson, E. A., Aquino, V., Galdzicki, Z.,
... Reeves, R. H. (2007). Trisomy for the Down syndrome “critical region” is

135



necessary but not sufficient for brain phenotypes of trisomic mice. Human
Molecular Genetics, 16(7), 774-782. http://doi.org/10.1093/hmg/ddm022

Ortiz-Abalia, J., Sahdn, 1., Altafaj, X., Andreu, N., Estivill, X., Dierssen, M., & Fillat, C.
(2008). Targeting DyrK1A with AAVShRNA attenuates motor alterations in
TgDyrK1a, a mouse model of down syndrome. American Journal of Human
Genetics, 83(4), 479-488. http://doi.org/10.1016/j.ajhg.2008.09.010

Palisano, R. J., Walter, S. D., Russell, D. J., Rosenbaum, P. L., Gémus, M., Galuppi, B.
E., & Cunningham, L. (2001). Gross motor function of children with Down
syndrome: creation of motor growth curves. Archives of Physical Medicine and
Rehabilitation, 82(4), 494-500. http://doi.org/10.1053/apmr.2001.21956

Parker, M. H., Seale, P., & Rudnicki, M. A. (2003). Looking back to the embryo:
defining transcriptional networks in adult myogenesis. Nature Reviews
Genetics, 4(7), 497-507. http://doi.org/10.1038/nrg1109

Patterson, D., & Costa, A. C. S. (2005). History of genetics disease: Down syndrome
and genetics - a case of linked histories. Nature Review Genetics, 6(2), 137-
147. http://doi.org/10.1038/nrg1525

Patterson, M. F., Stephenson, G. M. M., & Stephenson, D. G. (2006). Denervation
produces different single fiber phenotypes in fast- and slow-twitch hindlimb
muscles of the rat. American Journal of Physiology. Cell Physiology, 291(3),
C518-C528. http://doi.org/10.1152/ajpcell.00013.2006

Péault, B., Rudnicki, M., Torrente, Y., Cossu, G., Tremblay, J. P., Partridge, T., ...
Huard, J. (2007). Stem and progenitor cells in skeletal muscle development,
maintenance, and therapy. Molecular Therapy : The Journal of the American
Society of Gene Therapy, 15(5), 867-877. http://doi.org/10.1038/mt.sj.6300145

Pechstein, A., Shupliakov, O., & Haucke, V. (2010). Intersectin 1: a versatile actor in the
synaptic vesicle cycle. Biochemical Society Transactions, 38(Pt 1), 181-186.
http://doi.org/10.1042/bst0380181

Peiris, H., Dubach, D., Jessup, C. F., Unterweger, P., Raghupathi, R., Muyderman, H.,

. Keating, D. J. (2014). RCAN1 regulates mitochondrial function and

increases susceptibility to oxidative stress in mammalian cells. Oxidative
Medicine and Cellular Longevity, 1-12. http://doi.org/10.1155/2014/520316

Pellettieri, J., & Sanchez Alvarado, A. (2007). Cell turnover and adult tissue
homeostasis: from humans to planarians. Annual Review of Genetics, 41, 83—
105. http://doi.org/10.1146/annurev.genet.41.110306.130244

Pennington, B. F., Moon, J., Edgin, J., Stedron, J., & Nadel, L. (2003). The

neuropsychology of Down syndrome: evidence for hippocampal dysfunction.
Child Development, 74(1), 75-93. http://doi.org/10.1111/1467-8624.00522

136



Peredo, D. E., & Hannibal, M. C. (2009). The floppy infant: evaluation of hypotonia.
Pediatrics in Review / American Academy of Pediatrics, 30(9), e66-e76.
http://doi.org/10.1542/pir.30-9-e66

Perrot, R., Lonchampt, P., Peterson, A. C., & Eyer, J. (2007). Axonal neurofilaments
control multiple fiber properties but do not influence structure or spacing of
nodes of Ranvier. The Journal of Neuroscience, 27(36), 9573-9584.
http://doi.org/10.1523/jneurosci.1224-07.2007

Pette, D., & Staron, R. S. (2001). Transitions of muscle fiber phenotypic profiles.
Histochemistry and Cell Biology, 115(5), 359-372.

Phillips, A., Sleigh, A., McAllister, C., Brage, S., Carpenter, T., Kemp, G., & Holland,
A. (2013). Defective mitochondrial function in vivo in skeletal muscle in adults
with Down’s syndrome: a 31P-MRS study. PloS One, 8(12), e8403L1.
http://doi.org/10.1371/ journal.pone.0084031

Picquet, F., Canu, M. H., & Falempin, M. (2000). Phenotypic changes in the
composition of muscular fibres in rat soleus motor units after 14 days of
hindlimb unloading. Archive European Journal of Physiology, 440, 229-235.
http://doi.org/10.1007/ s004240051044

Pinter, J. D., Eliez, S., Schmitt, J. E., Capone, G. T., & Reiss, A L. (2001).
Neuroanatomy of Down’s syndrome: a high-resolution MRI study. American
Journal of Psychiatry, 158(10), 1659-1665. http://doi.org/10.1176/
appi.ajp.158.10.1659

Porta, S., Marti, E., De La Luna, S., & Arbonés, M. L. (2007a). Differential expression
of members of the RCAN family of calcineurin regulators suggests selective
functions for these proteins in the brain. European Journal of Neuroscience,
26(5), 1213-1226. http://doi.org/10.1111/j.1460-9568.2007.05749.x

Porta, S., Serra, S. A., Huch, M., Valverde, M. A, Llorens, F., Estivill, X., ... Marti, E.
(2007b). RCAN1 (DSCR1) increases neuronal susceptibility to oxidative stress:
A potential pathogenic process in neurodegeneration. Human Molecular
Genetics, 16(9), 1039-1050. http://doi.org/10.1093/hmg/ddm049

Prince, J., Jia, S., Bave, U., Anneren, G., & Oreland, L. (1994). Mitochondrial enzyme
deficiencies in Down’s syndrome. Journal of Neural Transmission.
Parkinson’s Disease and Dementia Section, 8(3), 171-181.

Pritchard, M. A., & Kola, I. (1999). The “gene dosage effect” hypothesis versus the
“amplified developmental instability” hypothesis in Down syndrome. Journal
of Neural Transmission. Supplementum, 57, 293-303.

Pritchard, M. A., & Martin, K. R. (2013). RCANL1 and its potential contribution to the

Down syndrome phenotype, Down syndrome, (Ed.) Subrata Dey, InTech,
http://doi.org/ 10.5772/52977.

137



Putten, M. Van, Aartsma-Rus, a, & Louvain, L. (2012). The use of hanging wire tests to
monitor muscle strength and condition over time. Treatment Neuromuscular
Disease, (I1d), 1-12.

Rawls, A, Valdez, M. R., Zhang, W., Richardson, J., Klein, W. H., & Olson, E. N.
(1998). Overlapping functions of the myogenic bHLH genes MRF4 and MyoD
revealed in double mutant mice. Development, 125(13), 2349-2358.

Raz, N., Torres, I. J., Briggs, S. D., Spencer, W. D., Thornton, A. E., Loken, W. J., ...
Acker, J. D. (1995). Selective neuroanatomic abnormalities in Down’s
syndrome and their cognitive correlates: evidence from MRI morphometry.
Neurology, 45(2):356-66. http://doi.org/10.1212/WNL.45.2.356

Reeves, R. H., Baxter, L. L., & Richtsmeier, J. T. (2001). Too much of a good thing:
mechanisms of gene action in Down syndrome. Trends in Genetics, 17(2), 83—
88. http://doi.org/10.1016/S0168-9525(00)02172-7

Reeves, R. H., Irving, N. G., Moran, T. H., Wohn, A, Kitt, C., Sisodia, S. S., ...
Davisson, M. T. (1995). A mouse model for Down syndrome exhibits learning
and  behaviour  deficits. Nature  Genetics,  11(2), 177-184.
http://doi.org/10.1038/ng1095-177

Richtsmeier, J. T., Baxter, L. L., & Reeves, R. H. (2000). Parallels of craniofacial
maldevelopment in Down syndrome and Ts65Dn mice. Developmental
Dynamics, 217(2), 137-145.
http://doi.org/10.1002/(sici)10970177(200002)217: 2<137::aid-
dvdy1>3.0.co;2-n

Rigaud, M., Gemes, G., Barabas, M. E., Chernoff, D. I., Abram, S. E., Stucky, C. L., &
Hogan, Q. H. (2008). Species and strain differences in rodent sciatic nerve
anatomy: implications for studies of neuropathic pain. Pain, 136(1-2), 188-
201. http://doi.org/10.1016/j.pain.2008.01.016

Rigoldi, C., Galli, M., Mainardi, L., Crivellini, M., & Albertini, G. (2011). Postural
control in children, teenagers and adults with Down syndrome. Research in
Developmental Disabilities, 32(1), 170-5. http://doi.org/10.1016/j.ridd.
2010.09.007

Roizen, N. J., & Patterson, D. (2003). Down’s syndrome. Lancet, 361(9365), 1281-
1289. http://doi.org/10.1016/S0140-6736(03)12987-X

Ross, M. H., & Pawlina, W. (2011). Histology; A text and atlas. (6th ed.). Lippincot
Williams & Wilkis. pp. 310-337.

Rothermel, B., Vega, R. B., Yang, J., Wu, H., Bassel-Duby, R., & Williams, R. S.
(2000). A protein encoded within the Down syndrome critical region is
enriched in striated muscles and inhibits calcineurin signaling. Journal of
Biological Chemistry, 275(12), 8719-8725.
http://doi.org/10.1074/jbc.275.12.8719

138



Rudnicki, M. A., Braun, T., Hinuma, S., & Jaenisch, R. (1992). Inactivation of MyoD in
mice leads to up-regulation of the myogenic HLH gene Myf-5 and results in
apparently normal muscle development. Cell, 71(3), 383-390.

Rudnicki, M. A., Le Grand, F., McKinnell, I., & Kuang, S. (2008). The molecular
regulation of muscle stem cell function. Cold Spring Harbor Symposia on
Quantitative Biology, 73(0), 323-331. http://doi.org/10.1101/sgh.2008.73.064

Rudnicki, M. A., Schnegelsberg, P. N., Stead, R. H., Braun, T., Arnold, H. H., &
Jaenisch, R. (1993). MyoD or Myf-5 is required for the formation of skeletal
muscle. Cell, 75(7), 1351-1359.

Rueda, N., Flérez, J., & Martinez-Cué, C. (2012). Mouse models of down syndrome as a
tool to unravel the causes of mental disabilities. Neural Plasticity, 2012.
http://doi.org/10.1155/2012/584071

Runker, A. E., Kobsar, 1., Fink, T., Loers, G., Tilling, T., Putthoff, P., ... Schachner, M.
(2004). Pathology of a mouse mutation in peripheral myelin protein PO is
characteristic of a severe and early onset form of human Charcot-Marie-Tooth
type 1B disorder. The Journal of Cell Biology, 165(4), 565-573.
http://doi.org/10.1083/jch.200402087

Rushton, B. Y. W. A. H. (1951). A theory of the effects of fibre size in medullated
nerve. Journal of Physiology, 115, 101-122.

Sadler, T. W. (2005). Embryology of neural tube development. American Journal of
Medical Genetics., 135C(1), 2-8. http://doi.org/10.1002/ajmg.c.30049

Sago, H., Carlson, E. J., Smith, D. J., Kilbridge, J., Rubin, E. M., Mabley, W. C., ...
Huang, T. T. (1998). Ts1Cje, a partial trisomy 16 mouse model for Down
syndrome, exhibits learning and behavioral abnormalities. Proceedings of the
National Academy of Sciences of the United States of America, 95(11), 6256—
6261. http://doi.org/10.1073/pnas.95.11.6256

Sago, H., Carlson, E. J., Smith, D. J., Rubin, E. M., Crnic, L. S., Huang, T. T., &
Epstein, C. J. (2000). Genetic dissection of region associated with behavioral
abnormalities in mouse models for Down syndrome. Pediatric Research, 48(5),
606-613. http://doi.org/10.1203/00006450-200011000-00009

Sakaba, T., Kononenko, N. L., Bacetic, J., Pechstein, A., Schmoranzer, J., Yao, L., ...
Haucke, V. (2013). Fast neurotransmitter release regulated by the endocytic
scaffold intersectin. Proceedings of the National Academy of Sciences of the
United States of America, 110(20), 8266-8271. http://doi.org/10.1073/pnas.
1219234110

Salami, M., Itami, C., Tsumoto, T., & Kimura, F. (2003). Change of conduction velocity
by regional myelination yields constant latency irrespective of distance between
thalamus and cortex. Proceedings of the National Academy of Sciences of the
United States of America, 100(10), 6174-6179. http://doi.org/http/ doi:
10.1073/pnas.0937380100

139



Samborski, W. (2015). Delays in motor development in children with Down syndrome.
Medical Science Monitor, 21, 1904-1910. http://doi.org/10.12659/
MSM.893377

Sanes, J. R. (2003). The basement membrane/basal lamina of skeletal muscle. Journal of
Biological ~Chemistry, 278(15), 12601-12604. http://doi.org/10.1074/
jbc.R200027200

Sargiannidou, I., Vavlitou, N., Aristodemou, S., Hadjisavvas, A., Kyriacou, K., Scherer,
S. S., & Kleopa, K. A. (2009). Connexin32 mutations cause loss of function in
Schwann cells and oligodendrocytes leading to PNS and CNS myelination
defects.  The  Journal of  Neuroscience, 29(15), 4736-4749.
http://doi.org/10.1523/jneurosci. 0325-09.2009

Scappini, E., Koh, T.-W., Martin, N. P., & O’Bryan, J. P. (2007). Intersectin enhances
huntingtin aggregation and neurodegeneration through activation of c-Jun-
NH2-terminal kinase. Human Molecular Genetics, 16(15), 1862-1871.
http://doi.org/10.1093/hmg/ddm134

Schiaffino, S., & Reggiani, C. (2011). Fiber types in mammalian skeletal muscles.
Physiological Reviews, 91(4), 1447-531. http://doi.org/10.1152/physrev.
00031.2010

Schiaffino, S., Rossi, A. C., Smerdu, V., Leinwand, L. A., & Reggiani, C. (2015).
Developmental myosins: expression patterns and functional significance.
Skeletal Muscle, 5(1), 22. http://doi.org/10.1186/s13395-015-0046-6

Schienda, J., Engleka, K. a, Jun, S., Hansen, M. S., Epstein, J. a, Tabin, C. J., ... Kardon,
G. (2006). Somitic origin of limb muscle satellite and side population cells.
Proceedings of the National Academy of Sciences of the United States of
America, 103(4), 945-50. http://doi.org/10.1073/pnas.0510164103

Schulz, A., Walther, C., Morrison, H., & Bauer, R. (2014). In vivo electrophysiological
measurements on mouse sciatic nerves. Journal of Visualized Experiments,
(86), 1-8. http://doi.org/10.3791/51181

Scott, W., Stevens, J., & Binder-Macleod, S. A. (2001). Human skeletal muscle fiber
type classifications. Physical Therapy, 81(11), 1810-1816.

Sherman, D. L., & Brophy, P. J. (2005). Mechanisms of axon ensheathment and myelin
growth. Nature Reviews Neuroscience, 6(9), 683-690.
http://doi.org/10.1038/nrn1743

Sherman, S. L., Freeman, S. B., Allen, E. G., & Lamb, N. E. (2005). Risk factors for
nondisjunction of trisomy 21. Cytogenetic and Genome Research, 111(3-4),
273-280. http://doi.org/10.1159/000086900

Shields, N., Taylor, N. F., & Dodd, K. J. (2008). Effects of a community-based

progressive resistance training program on muscle performance and physical
function in adults with Down syndrome: a randomized controlled trial. Archives

140



of  Physical Medicine and Rehabilitation, 89(7), 1215-1220.
http://doi.org/10.1016/j.apmr.2007.11.056

Shoubridge, E. A. (2001). Cytochrome c¢ oxidase deficiency. American Journal of
Medical Genetics, 106(1), 46-52. http://doi.org/10.1002/ajmg.1378

Simons, M., & Lyons, D. A. (2013). Axonal selection and myelin sheath generation in
the central nervous system. Current Opinion in Cell Biology, 25(4), 512-5109.
http://doi.org/10.1016/j.ceb.2013.04.007

Simons, M., & Trotter, J. (2007). Wrapping it up: the cell biology of myelination.
Current Opinion in Neurobiology, 17(5), 533-540. http://doi.org/10.1016/
j.conb.2007.08.003

Simoneau, J. A, & Bouchard, C. (1995). Genetic determinism of fiber type proportion in
human skeletal muscle. The FASEB Journal : Official Publication of the
Federation of American Societies for Experimental Biology, 9(11), 1091-1095.

Smith, T. H., Block, N. E., Rhodes, S. J., Konieczny, S. F., & Miller, J. B. (1993). A
unique pattern of expression of the four muscle regulatory factor proteins
distinguishes somitic from embryonic, fetal and newborn mouse myogenic
cells. Development, 117(3), 1125-33.

Speck, O., Hughes, S. C., Noren, N. K., Kulikauskas, R. M., & Fehon, R. G. (2003).
Moesin functions antagonistically to the Rho pathway to maintain epithelial
integrity. Nature, 421(6918), 83-87. http://doi.org/10.1038/nature01295

Spellman, C., Ahmed, M. M., Dubach, D., & Gardiner, K. J. (2013). Expression of
trisomic proteins in Down syndrome model systems. Gene, 512(2), 219-225.
http://doi.org/10.1016/j.gene.2012.10.051

Sundaram, C., & Uppin, M. S. (2012). Approach to the interpretation of muscle biopsy.
In Muscle Biopsy, pp. 14-32. http://doi.org/10.5772/1241

Sumariwalla, V. M., & Klein, W. H. (2001). Similar myogenic functions for myogenin
and MRF4 but not MyoD in differentiated murine embryonic stem cells.
Genesis 30(4), 239-249. http://doi.org/10.1002/gene.1070

Susuki, K., Raphael, A. R., Ogawa, Y., Stankewich, M. C., Peles, E., Talbot, W. S., &
Rasband, M. N. (2011). Schwann cell spectrins modulate peripheral nerve
myelination. Proceedings of the National Academy of Sciences of the United
States of America, 108(19), 8009-8014.
http://doi.org/10.1073/pnas.1019600108

Tajbakhsh, S. (2009). Skeletal muscle stem cells in developmental versus regenerative

myogenesis.  Journal  of Internal  Medicine, 266(4), 372-389.
http://doi.org/10.1111/j.1365-2796.2009.02158.x

141



Taylor, R. W., Schaefer, A. M., Barron, M. J., McFarland, R., & Turnbull, D. M. (2004).
The diagnosis of mitochondrial muscle disease. Neuromuscular Disorders,
14(4), 237-45. http://doi.org/10.1016/j.nmd.2003.12.004

Tiainen, P. ., Pasanen, A., Sormunen, R., & Myllyharju, J. (2008). Characterization of
recombinant human prolyl 3-hydroxylase isoenzyme 2, an enzyme modifying
the basement membrane collagen IV. Journal of Biological Chemistry, 283(28),
19432-19439. http://doi.org/10.1074/jbc.M802973200

Trotta, M. B., Serro Azul, J. B., Wajngarten, M., Fonseca, S. G., Goldberg, A. C., &
Kalil, J. E. (2011). Inflammatory and immunological parameters in adults with
Down syndrome. Immunity & Ageing : I & A, 8(1), 4. http://doi.org/10.1186/
1742-4933-8-4

Turner, C. A., Presti, M. F., Newman, H. A., Bugenhagen, P., Crnic, L., & Lewis, M. H.
(2001). Spontaneous stereotypy in an animal model of Down syndrome:
Ts65Dn mice. Behavior Genetics, 31(4), 393-400.

Ugrenovi¢, S., Jovanovié, 1., Vasovié, L., Kundali¢, B., Cukuranovié, R., & Stefanovi¢,
V. (2015). Morphometric analysis of the diameter and g-ratio of the myelinated
nerve fibers of the human sciatic nerve during the aging process. Anatomical
Science International, 1-8. http://doi.org/10.1007/s12565-015-0287-9

Vacano, G. N., Duval, N., & Patterson, D. (2012). The use of mouse models for
understanding the biology of down syndrome and aging. Current Gerontology
and Geriatrics Research, 2012. http://doi.org/10.1155/2012/717315

Vacik, T., Ort, M., Gregorova, S., Strnad, P., Blatny, R., Conte, N., ... Forejt, J. (2005).
Segmental trisomy of chromosome 17: a mouse model of human aneuploidy
syndromes. Proceedings of the National Academy of Sciences of the United
States of America, 102(12), 4500-5. http://doi.org/10.1073/pnas.0500802102

Valdez, M. R., Richardson, J. A, Klein, W. H., & Olson, E. N. (2000). Failure of Myf5
to support myogenic differentiation without myogenin, MyoD, and MRF4.
Developmental Biology, 219(2), 287-298.
http://doi.org/10.1006/dbio.2000.9621

Verhoeven, K., De Jonghe, P., Van de Putte, T., Nelis, E., Zwijsen, A., Verpoorten, N.,

. Timmerman, V. (2003). Slowed conduction and thin myelination of

peripheral nerves associated with mutant rho Guanine-nucleotide exchange

factor 10. American Journal of Human Genetics, 73(4), 926-932.
http://doi.org/10.1086/378159

Vicari, S. (2006). Motor development and neuropsychological patterns in persons with
Down syndrome. Behavior Genetics, 36(3), 355-364. http://doi.org/10.1007/
510519-006-9057-8

Vidigal, M., Duek, E. A. R., Vidal, B. C., & Oliveira, A. L. R. (2013). Enhanced
peripheral nerve regeneration by the combination of a polycaprolactone tubular

142



prosthesis and a scaffold of collagen with supramolecular organization. Brain
and Behavior, 3(4), 417-430. http://doi.org/10.1002/brb3.145

Villar, A. J., Belichenko, P. V, Gillespie, A. M., Kozy, H. M., Mobley, W. C., &
Epstein, C. J. (2005). Identification and characterization of a new Down
syndrome model, Ts[Rb(12.1716)]2Cje, resulting from a spontaneous
Robertsonian fusion between T(171)65Dn and mouse chromosome 12.
Mammalian Genome, 16(2), 79-90.

Virji-Babul, N., Kerns, K., Zhou, E., Kapur, A., & Shiffrar, M. (2006). Perceptual-motor
deficits in children with Down syndrome: implications for intervention. Down’s
Syndrome, Research and Practice, 10(2), 74-82. http://doi.org/
10.3104/reports.308

Voronov, S. V, Frere, S. G., Giovedi, S., Pollina, E. A, Borel, C., Zhang, H., ... Di
Paolo, G. (2008). Synaptojanin 1-linked phosphoinositide dyshomeostasis and
cognitive deficits in mouse models of Down’s syndrome. Proceedings of the
National Academy of Sciences of the United States of America, 105(27), 9415-
9420. http://doi.org/10.1073/pnas.0803756105

Wang, Y., & Jaenisch, R. (1997). Myogenin can substitute for Myf5 in promoting
myogenesis but less efficiently. Development, 124(13), 2507-2513

Westerblad, H., Bruton, J. D., & Katz, A. (2010). Skeletal muscle: Energy metabolism,
fiber types, fatigue and adaptability. Experimental Cell Research, 316(18),
3093-3099. http://doi.org/10.1016/j.yexcr.2010.05.019

White, A. T., & Schenk, S. (2012). NAD+/NADH and skeletal muscle mitochondrial
adaptations to exercise. AJP: Endocrinology and Metabolism, 303(3), E308—
E321. http://doi.org/10.1152/ajpendo.00054.2012

White, R., & Krédmer-Albers, E. M. (2014). Axon-glia interaction and membrane traffic
in myelin formation. Frontiers in Cellular Neuroscience, 7, 284-290.
http://doi.org/10.3389/fncel.2013.00284

Williams, A. D., Mjaatvedt, C. H., & Moore, C. S. (2008). Characterization of the
cardiac phenotype in neonatal Ts65Dn mice. Developmental Dynamics, 237(2),
426-435. http://doi.org/10.1002/dvdy.21416

Wilson, J. M., Loenneke, J. P., Jo, E., Wilson, G. J., Zourdos, M. C., & Kim, J.S. (2012).
The effects of endurance, strength, and power training on muscle fiber type
shifting. Journal of Strength and Conditioning Research, 26(6), 1724-1729.
http://doi.org/10.1519/JSC. 0b013e318234eb6f

Wiseman, F. K., Alford, K. A, Tybulewicz, V. L. J., & Fisher, E. M. C. (2009). Down
syndrome-recent progress and future prospects. Human Molecular Genetics,
18(R1), R75-R83. http://doi.org/10.1093/hmg/ddp010

Wisniewski, K. E. (1990). Down syndrome children often have brain with maturation
delay, retardation of growth, and cortical dysgenesis. American Journal of

143



Medical Genetics, 37(S7), 274-281. http://doi.org/10.1002/ajmg.1320370755

Wisniewski, K. E., & Schmidt-Sidor, B. (1989). Postnatal delay of myelin formation in
brains from Down syndrome infants and children. Clinical Neuropathology,
8(2), 55-62.

Wu, L. M. N., Williams, A., Delaney, A., Sherman, D. L., & Brophy, P. J. (2012).
Report increasing internodal distance in myelinated nerves accelerates nerve
conduction to a flat maximum. Current Biology, 22(20), 1957-1961.
http://doi.org/10.1016/j.cub.2012.08.025

Wu, Y., & Song, W. (2013). Regulation of RCANL1 translation and its role in oxidative
stress-induced apoptosis. FASEB Journal, 27(1), 208-221. http://doi.org/
10.1096/f].12-213124

Young, B., Heath, J. W., Stevens, A., Lowe, J. S., Wheater, P. R., & Burkitt, H. G.
(2000). Wheater’s functional histology: A text and colour atlas. (6th ed.).
Edinburgh: Churchill Livingstone. pp. 97-115.

Yu, T., Li, Z., Jia, Z., Clapcote, S. J., Liu, C., Li, S., ... Yu, Y. E. (2010). A mouse
model of Down syndrome trisomic for all human chromosome 21 syntenic
regions. Human Molecular Genetics, 19(14), 2780-2791. http://doi.org/
10.1093/hmg/ddgq179

Yu, Y., Chu, P.Y., Bowser, D. N., Keating, D. J., Dubach, D., Harper, 1., ... Pritchard,
M. A. (2008). Mice deficient for the chromosome 21 ortholog Itsnl exhibit
vesicle-trafficking abnormalities. Human Molecular Genetics, 17(21), 3281-
3290. http://doi.org/10.1093/hmg/ddn224

Zhang, D., Wang, X., Li, Y., Zhao, L., Lu, M., Yao, X., ... Ying, H. (2014). Thyroid
hormone regulates muscle fiber type conversion via miR-133al. Journal of Cell
Biology, 207(6), 753-766. http://doi.org/10.1083/jch.201406068

Zhang, W., Behringer, R., & Olson, E. (1995). Inactivation of the myogenic bHLH gene
MRF4 results in up-regulation of myogenin and rib anomalies. Genes and
Development, 9(11), 1388-1399. http://doi.org/10.1101/gad.9.11.1388

Zierath, J. R., & Hawley, J. A. (2004). Skeletal muscle fiber type: influence on

contractile and metabolic properties. PLoS Biology, 2(10), e348.
http://doi.org/10.1371/journal. pbio.0020348

144



LIST OF PUBLICATIONS

Publications

Bala U., Tan KL., Ling KH., Cheah PS., (2014). Harvesting the maximum length of
sciatic nerve from adult mice: a step-by-step approach. BMC Research Notes.
7:714 doi:10.1186/1756-0500-7-714

Bala, U., Othman, F., Lai, M. I., Ling, K.-H., Hayati, K. S., & Cheah, P.S. (2016).
Ts1Cje mouse model for Down syndrome exhibits motor function deficit; the
potential role of skeletal muscles and peripheral nervous system. Frontiers in
Cellular Neuroscience. DOI=10.3389/conf.fncel.2016.36.00181

Leong, M. P., Bala, U., Rosli, R., Cheah, P. S., & Ling, K. H. (2016.). Gene profiling of
skeletal muscles of Ts1Cje mouse model for muscle weakness in Down
syndrome. Frontiers in Cellular Neuroscience.
DOI=10.3389/conf.fncel.2016.36.00131

Manuscript in Preparation

Bala, U., Leong, M.P., Lim C.L., Rosli R., Ramasamy, R., Stanslas, J., Fauziah, O., Ml
Lai, Ivan K. Yap, Ling K.H., & Cheah P.S. (2016). Molecular, Cellular,
Biochemical, Metabolic and Functional Characterisation of Hypotonia in
Ts1Cje Mouse Model for Down syndrome.

160



LIST OF POSTER PRESENTATIONS

Bala U., Fauziah O., Lai MI., Ling KH., Cheah PS., (2015). Ts1Cje mouse model for
Down syndrome exhibits motor function deficit; the potential role of mrfs and
peripheral nervous system. 26th Annual Scientific Meeting of Malaysian
Society for Neurosciences, Ipoh, 2015.

Bala U., Fauziah O., Lai MI., Ling KH., Cheah PS., (2015). Ts1Cje mouse model for
Down syndrome exhibits motor function deficit; The potential role of skeletal
muscles and peripheral nervous system. In conjunction with Research Week
2015, Faculty of Medicine and Health Sciences, UPM, Malaysia.

Bala U., Fauziah O., Lai MI., Ling KH., Cheah PS., (2014). Ts1Cje mouse model for
Down syndrome exhibits motor function deficit; an implication of the
peripheral nervous system disorder. In conjunction with Research Week 2014,
Faculty of Medicine and Health Sciences, UPM, Malaysia.

Bala U., Ling KH., and Cheah PS., (2013). Preliminary studies; Behavioural assessment
of ts1Cje mouse model for Down syndrome. In conjunction with NeuroFair
organised by Basic Neuroscience Cluster, Faculty of Medicine and Health
Sciences, UPM, Malaysia.

161



UNIVERSITI PUTRA MALAYSIA
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT

ACADEMIC SESSION:

TITLE OF THESIS / PROJECT REPORT:

HISTOLOGICAL AND MOLECULAR CHARACTERISATION OF HYPOTONIA IN ADULT
Ts1CJE MOUSE MODEL FOR DOWN SYNDROME

NAME OF STUDENT : USMAN BALA

| acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be placed at
the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

OPEN ACCESS

i

| agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

i

Approved by:

(Signature of Student)
New IC No/ Passport No.:

Date :

(Signature of Chairman of Supervisory Committee)
Name:

Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from
the organization/institution with period and reasons for confidentially or restricted. ]



	Declaration by graduate student
	GENERAL INTRODUCTION
	1.1 Background
	1.2 Problem statement
	1.3 Hypothesis
	1.4 General objective
	1.4.1 Specific objectives
	1.5 Significance of the study

	LITERATURE REVIEW
	2.1 Skeletal muscle
	2.1.1 Structural organisation and functions
	2.1.2 Microscopic organisation
	2.1.3 Motor innervation
	2.1.3.1 Neuromuscular junction

	2.1.4 Development
	2.1.4.1 Embryonic myogenesis
	2.1.4.2 Adult myogenesis


	2.2 Peripheral nervous system
	2.2.1 Structure of neurone
	2.2.2 Classification of neurones
	2.2.3 Synapses
	2.2.4 Peripheral nerves
	2.2.5 Development of peripheral nervous system

	2.3 Hypotonia
	2.3.1 Classification of hypotonia
	2.3.2 Causes of hypotonia in Down syndrome

	2.4 Mouse model for Down syndrome
	2.4.1 Advantages of using Ts1Cje model for this research work
	2.4.2 Other mouse models of Down syndrome


	ASSESSMENT OF MOTOR DYSFUNCTION IN THE TS1CJE MOUSE MODEL FOR DOWN SYNDROME
	3.1 Introduction
	3.1.1 Objectives

	3.2 Materials and methods
	3.2.1 Ethical approval, animal breeding and husbandry
	3.2.2 Genotyping of the mouse
	3.2.2.1 Mouse tail gDNA extraction
	3.2.2.2 Quality assessment of the gDNA
	3.2.2.3 Genotyping PCR analysis

	3.2.3 Experimental design
	3.2.4 Functional assessment of motor activity
	3.2.4.1 Forelimb grip strength measurement by automated grip meter
	3.2.4.2 Grip strength measurement by hanging wire test
	3.2.4.3 Rotarod test

	3.2.5 Statistical analysis

	3.3 Results
	3.3.1 gDNA quality and integrity
	3.3.2 Genotyping PCR result
	3.3.3 Forelimb grip strength
	3.3.4 Hanging survival time and cumulative number of falls
	3.3.5 Balance and motor coordination

	3.4 Discussion
	3.5 Conclusion

	GENES AND PROTEIN EXPRESSION PROFILING OF SKELETAL MUSCLES OF TS1CJE MOUSE MODEL FOR DOWN SYNDROME
	4.1 Introduction
	4.1.1 Objectives

	4.2 Genes of interest and their roles in neuromuscular function
	4.2.1 Trisomic genes
	4.2.2 Non-trisomic genes
	4.2.3 Role of myogenic regulatory factors in myogenesis (MRFs)

	4.3 Materials and methods
	4.3.1 Experimental design
	4.3.1.1 Tissues procurement
	4.3.1.2 RNA extraction and quality control
	4.3.1.3 Primer design
	4.3.1.4 Reverse transcription of total RNA
	4.3.1.5 Real-time quantitative PCR protocol
	4.3.1.6 Protein extraction
	4.3.1.7 Total protein quantification (Lowry assay)

	4.3.2 Western blot
	4.3.2.1 Gel and sample preparation
	4.3.2.2 Gel electrophoresis
	4.3.2.3 Protein transfer
	4.3.2.4 Immuno-detection and visualisation


	4.4 Result
	4.4.1 RNA quality and integrity
	4.4.2 RT-qPCR assay
	4.4.3 Spatial expression of the selected trisomic and non-trisomic genes
	4.4.4 Protein expression in skeletal muscles

	4.5 Discussion
	4.6 Conclusion

	MORPHOLOGICAL FEATURES AND METABOLIC CHANGES OF THE SKELETAL MUSCLE IN TS1CJE MICE
	5.1 Introduction
	5.2 Muscle fibre types and fibre transition
	5.2.1 Objectives of the study

	5.3 Materials and methods
	5.3.1 Experimental design and animal husbandry
	5.3.2 Tissues procurement and processing
	5.3.2.1 Optimal cutting temperature embedded tissues
	5.3.2.2 Paraffin embedded tissues
	5.3.2.3 Tissue sectioning

	5.3.3 Staining procedures
	5.3.3.1 Haematoxylin and eosin stain
	5.3.3.2 ATPase activity
	5.3.3.3 NADH diaphorase
	5.3.3.4 Cytochrome C oxidase

	5.3.4 Light microscopic imaging and morphometric analysis
	5.3.5 Statistical analysis

	5.4 Result
	5.4.1 Histopathological changes in the skeletal muscles
	5.4.2 Skeletal muscle fibres population
	5.4.3 Population of the COX deficient fibers in skeletal muscles

	5.5 Discussion
	5.6 Conclusion

	ASSESSMENT OF MORPHOLOGICAL CHANGES, DEGREE OF MYELINATION AND CONDUCTION VELOCITY IN SCIATIC NERVE
	6.1 Introduction
	6.1.1 Myelination process and its regulation
	6.1.2 The role of the myeline to nerve fibre
	6.1.3 Myeline defect and DS
	6.1.4 Nerve conduction study
	6.1.5 Objectives

	6.2 Materials and methods
	6.2.1 Experimental design
	6.2.1.1 Animal euthanasia and harvesting the sciatic nerve

	6.2.2 Histological tissue processing
	6.2.2.1 Transmission electron microscopy
	6.2.2.1.1 Ultramicrotomy
	6.2.2.1.2 Staining of ultrathin sections
	6.2.2.1.3 Electron microscopic imaging

	6.2.2.2 Light microscopic studies

	6.2.3 Nerve conduction study
	6.2.4 Statistical analysis

	6.3 Result
	6.3.1 Ultrastructural morphology of the sciatic nerve
	6.3.2 Morphometric analysis of the nerve fibres
	6.3.3 Conduction velocity in the sciatic nerve of Ts1Cje mice

	6.4 Discussion
	6.5 Conclusion
	7.1 General discussion
	7.2 General conclusion
	7.3 Limitation of the study
	7.4 Future direction

	REFERENCES
	APPENDICES
	BIODATA OF STUDENT
	LIST OF PUBLICATIONS
	LIST OF POSTER PRESENTATIONS
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Untitled



