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USE OF CANNABINOIDS IN THE TREATMENT OF DEGENERATIVE SKELETAL MUSCLE
DISEASES

[0001] The present invention relates to the use of cannabinoids in the treatment of
degenerative skeletal muscle disease. In particular the degenerative skeletal muscle disease is

Duchenne muscular dystrophy (DMD).

[0002] Preferably the cannabinoids are one or more of: Cannabidiol (CBD); Cannabidivarin
(CBDV); and Tetrahydrocannabivarin (THCV).

BACKGROUND TO THE INVENTION

[0003] Skeletal myogenesis is a tightly regulated process requiring coordinated changes in
expression of a large number of genes allowing proliferating myoblasts to differentiate in to
myotubes (Shieh, 2013). This process is altered in many different myopathies; among them,
Duchenne muscular dystrophy (DMD), where the regenerative capacity of skeletal muscle
precursors cells (satellite) is lost. Their decreased ability to differentiate into mature and

functional myotubes leads to progressive muscle weakness with chronic degeneration.

[0004] Although there are a large number of functions attributed to the endocannabinoid
system, very little is known about its function in the skeletal muscle cell regeneration and
differentiation. Recently, it was found that the endocannabinoid 2-AG inhibits differentiation of

mouse and human myoblasts through a CB1-dependent mechanism (lannotti et a/. 2013).

[0005] Skeletal muscle development is a highly controlled, multifactorial process involving
the coordinated regulation of a large number of genes that results in proliferating myoblast
cells leaving the cell cycle, and subsequently fusing into ordered arrays of large
multinucleated myotubes which further differentiate into mature muscle fibres (lannotti et al.
2010).

[0006] Changes in the expression and functional activation of various classes of ion
channels seem to be associated with the myoblast to myotube transition (Cooper, 2001).

[0007] Mouse C2C12 cells may be used in an experimental model for in vitro skeletal
myogenesis, this method can be used to determine the potential effects of compounds on
the skeletal muscle cell differentiation process.

[0008] A further model using human satellite cells can also be used as an in vitro test to study

cell differentiation. Satellite cells are precursors to skeletal muscle cells, able to give rise to
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differentiated skeletal muscle cells. Upon activation, satellite cells can re-enter the cell cycle to

proliferate and differentiate into myoblasts.

[0009] A myocyte is the type of cell found in muscle tissue, these are long, tubular cells that
develop from myoblasts to form muscles in a process known as myogenesis. There are various
specialized forms of myocytes: cardiac, skeletal, and smooth muscle cells, with various

properties.

[0010] There are several different types of degenerative skeletal muscle diseases of which
Duchenne muscular dystrophy (DMD) is by far the most common. Other types of degenerative
skeletal muscle disease include: Becker muscular dystrophy (BMD); Congenital muscular
dystrophy; Distal muscular dystrophy; Emery-Dreifuss Muscular Dystrophy;
Facioscapulohumeral muscular dystrophy (FSHD); Limb-girdle muscular dystrophy (LGMD);

Myotonic muscular dystrophy; and Oculopharyngeal muscular dystrophy.

[0011] DMD generally affects only boys (with extremely rare exceptions), becoming clinically
evident when a child begins walking. By age 10, the child may need braces for walking and by

age 12, most patients are unable to walk.

[0012] The life span of DMD patients ranges from 15 to 51. In the early 1990s, researchers
identified the gene for the protein dystrophin which, when absent, causes DMD. The amount of
dystrophin correlates with the severity of the disease (i.e., the less dystrophin present, the more

severe the phenotype).

[0013] Since the gene is on the X chromosome, this disorder affects primarily males, and
females who are carriers have milder symptoms. Sporadic mutations in this gene occur
frequently, accounting for a third of cases. The remaining two-thirds of cases are inherited in a

recessive pattern.

[0014] Dystrophin is part of a complex structure involving several other protein components.
The "dystrophin-glycoprotein complex" helps anchor the structural skeleton (cytoskeleton)
within the muscle cells, through the outer membrane (sarcolemma) of each cell, to the tissue
framework (extracellular matrix) that surrounds each cell. Due to defects in this assembly,
contraction of the muscle leads to disruption of the outer membrane of the muscle cells and

eventual weakening and wasting of the muscle.

[0015] Glucocorticoids, more precisely prednisone and deflazacort, are the main drug
treatments for DMD. They have been used for over two decades and are the only medications

that have been shown to increase muscular strength.

[0016] As glucocorticoids are anti-inflammatory and immunosuppressant long term use of

these compounds can result in many damaging side effects. Immunosuppression is a major
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problem in long term users of glucocorticoids which in turn can mean that a patient’'s immune
system is less functional leaving them prone to serious infections. In addition wound healing
requires a certain amount of inflammation and this can be delayed during glucocorticoid

therapy.

[0017] Glucocorticoids can also raise blood sugar which in turn can diabetes mellitus. Calcium
absorption may be suppressed and osteoporosis may result. Muscle atrophy can also occur

with long-term glucocorticoid therapy.

[0018] In order to treat degenerative skeletal muscle diseases such as DMD it is important for a
medication to enable satellite cell differentiation into myoblasts and myoblast differentiation into
myotubes. It is known that CB1 activation also stimulates myoblast proliferation and therefore
endocannabinoids, depending on “when” and “where” they act, can both inhibit and stimulate

muscle formation by affecting cell cycle and plasticity.

[0019] Phytocannabinoids may act directly or indirectly at the CB1 receptor to counteract the
effects of its activation. The phytocannabinoids may also counteract inflammatory responses
such as those that occur in DMD. These inflammatory responses significantly worsen the
consequences of impaired muscle differentiation, thus reducing the life expectancy of DMD

patients. Additionally the phytocannabinoids may inhibit endocannabinoid inactivation.

[0020] It has been found that phytocannabinoids, in particular the phytocannabinoids CBD and
CBDV are effective at enabling satellite cell differentiation into myoblasts and myoblast
differentiation into myotubes. This was surprising as these compounds are not CB1 active

compounds

BRIEF SUMMARY OF THE DISCLOSURE

[0021] In accordance with a first aspect of the present invention there is provided one or a
combination of the phytocannabinoids Cannabidiol (CBD); Cannabidivarin (CBDV); and
Tetrahydrocannabivarin (THCV) for use in the treatment of degenerative skeletal muscle

disease.

[0022] In one embodiment the phytocannabinoid is CBD.

[0023] In a further embodiment the phytocannabinoid is CBDV.
[0024] In an alternative embodiment the phytocannabinoid is THCV.

[0025] In a further embodiment still the phytocannabinoids are a combination of THCV and
CBD and /or CBDV.
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[0026] Preferably the degenerative skeletal muscle disease is Duchenne muscular dystrophy
(DMD).

[0027] Preferably the dose of the phytocannabinoids is between 1 and 1000 mg/kg day.

[0028] In a further embodiment there is provided a pharmaceutical formulation comprising one
or a combination of the phytocannabinoids Cannabidiol (CBD); Cannabidivarin (CBDV); and

Tetrahydrocannabivarin (THCV) and one or more excipients.

[0029] In accordance with a second aspect of the present invention there is provided a method
of treating a patient suffering from Duchenne muscular dystrophy (DMD) comprising
administering one or a combination of the phytocannabinoids Cannabidiol (CBD);

Cannabidivarin (CBDV); and Tetrahydrocannabivarin (THCV) to the patient in need thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Embodiments of the invention are further described hereinafter with reference to the
accompanying drawings, in which:

[0031] Figure 1 shows the effect of 1 and 3 uM CBDA, CBG and THCV on C2C12 cell
differentiation;

[0032] Figure 2 shows the effect of 1 and 3 uM CBD and CBDV on C2C12 cell differentiation;
[0033] Figure 3 shows the effect of a short-term exposure to CBD in C2C12 myoblasts;

[0034] Figure 4 shows the effect of CBD, CBDV and THCV on satellite cell differentiation;
[0035] Figure 5 shows representative phase contrast images of satellite cells treated with CBD,
CBDV and THCV at 4 days;

[0036] Figure 6 shows representative phase contrast images of satellite cells treated with CBD,
CBDV and THCV at 4 days;

[0037] Figure 7 shows body mass changes in MDX mice after 16 weeks;

[0038] Figure 8 shows real time PCR expression of DMD gene markers; and

[0039] Figure 9 shows the number of CD8 inflammatory cells.

[0040] The legends to the figures are described in more details below:

[0041] Figure 1. Myogenin (Myog) and Troponin (Thnt-1) mMRNA expression levels were
quantified by gPCR after 24h of C2C12 cells exposure to DM + CBDA (A), CBG (B) or THCV
(C) at the indicated concentrations. Each bar represents the mean + S.E.M. of at least four
separate experiments. *p < 0.05 vs. respective vehicle group (white column).

[0042] Figure 2. Myogenin (Myog) and Troponin (Tnnt-1) mMRNA expression level was
quantified by gPCR after 24h of C2C12 myoblasts exposure to DM + CBD (A) and CBDV (B) at
the indicated concentrations. Each bar represents the mean + S.E.M. of at least four separate

experiments. *p < 0.05 vs. respective vehicle group (white column). (C) Western blot analysis of
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MyHC protein levels in differentiating C2C12 cells treated with 1 yM CBD. Representative blots
showing the approximate molecular mass of MyHC protein (expressed in KDa) (top) and
quantification of the averaged OD values for MyHC normalized to those of a-tubulin (bottom)
are shown. *p < 0.05 vs. respective vehicle group (GM). Each data point is from at least four
independent determinations.

[0043] Figure 3. Myogenin (Myog) and Troponin (Tnnt-1) mMRNA expression level was
quantified in myoblasts exposed to DM + 1 yM CBD for 10 min and then kept in DM without
CBD for the subsequent 3 and 24h.

[0044] Figure 4. Effect of CBD, CBDV and THCV on satellite cell differentiation: Myogenin
(Myog), Troponin (Tnnt-1) and Myosin Heavy Chain (MyHC) mRNA expression level was
quantified by gPCR after 5 days of SC exposure to DM + CBD (light grey columns), CBDV
(dark grey columns) and THCV (white columns). Each bar represents the mean + S.E.M. of at
least four separate experiments. *p < 0.05 vs. respective vehicle group (white column).

[0045] Figure 5. Representative phase contrast images of satellite cells treated with CBD (1
pM), CBDV and THCV (3 uM) are shown. Images were taken 4 days of cell exposure to DM in
presence or not of phytocannabinoid.

[0046] Figure 6. Representative phase contrast images of satellite cells treated with CBD (1
pM), CBDV and THCV (3 uM) are shown. Images were taken 5 days of cell exposure to DM in
presence or not of phytocannabinoid.

[0047] Figure 7 After week 4, the total body mass of the vehicle only cohort was significantly
greater than CBD treated mdx mice and both vehicle and CBD were significantly greater than
DFZ treated mice (at week 15, vehicle=31.17g, CBD=29.42g, DFX=26.26; 5.6% and 15.8%
differences, p<0.05).

[0048] Figure 8 Gastrocnemius muscle were recovered at week 4 and relative gene
expressions were determined. (a) Sirtuin-1 (Sirt1) is significantly upregulated in CBD cohort
only (84.9%; n=9 p<0.05). (b) PGC1a is significantly upregulated in CBD cohort only (125.8%;
n=9 p<0.001). (c) Mitochondrially encoded NADH dehydrogenase 2 (MT-ND2) is significantly
upregulated in CBD cohort only (253.2%; n=4 p<0.05).

[0049] Figure 9 Spleens were recovered at week 4 and CD8 positive cells were analysed. The
total percentage CD8 population was unaffected by DFZ, however the total percentage CD8
population significantly reduced from 10.9% (vehicle) to 8.7% (CBD); 19.7% difference (n=9;
p<0.001).

DEFINITIONS

[0050] Definitions of some of the terms used to describe the invention are detailed below:
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[0051] The cannabinoids described in the present application are listed below along with their

standard abbreviations.

CBD Cannabidiol
CBDA Cannabidiolic acid
CBDV Cannabidivarin
CBG Cannabigerol OH
X
(E)

0

H
THCV Tetrahydrocannabivarin

[0052] The table above is not exhaustive and merely details the cannabinoids which are
identified in the present application for reference. So far over 60 different cannabinoids have
been identified and these cannabinoids can be split into different groups as follows:
Phytocannabinoids; Endocannabinoids and Synthetic cannabinoids (which may be novel

cannabinoids or synthetically produced phytocannabinoids or endocannabinoids).
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[0053] “Phytocannabinoids” are cannabinoids that originate from nature and can be found in
the cannabis plant. The phytocannabinoids can be isolated from plants to produce a highly

purified extract or can be reproduced synthetically.

[0054] “Highly purified cannabinoids” are defined as cannabinoids that have been extracted
from the cannabis plant and purified to the extent that other cannabinoids and non-cannabinoid
components that are co-extracted with the cannabinoids have been removed, such that the

highly purified cannabinoid is greater than or equal to 98% (w/w) pure.

[0065] “Synthetic cannabinoids” are compounds that have a cannabinoid or cannabinoid-like

structure and are manufactured using chemical means rather than by the plant.

[0056] Phytocannabinoids can be obtained as either the neutral (decarboxylated form) or the
carboxylic acid form depending on the method used to extract the cannabinoids. For example it
is known that heating the carboxylic acid form will cause most of the carboxylic acid form to

decarboxylate into the neutral form.

DETAILED DESCRIPTION

[0057] Example 1 below describes the use of the phytocannabinoids CBD, CBDV; CBDA;

THCV and CBG in a mouse model of myoblast differentiation.

[0058] Example 2 goes on to describe the use of CBD, CBDV and THCV in a model of human

satellite cells.
[0059] Example 3 describes the use of CBD in an in vivo study in a mammalian model of DMD.

[0060] The data presented herein surprisingly demonstrate that the phytocannabinoids CBD,
CBDV and THCV, but not CBDA and CBG, may offer a new pharmacological opportunity to
treat irreversible degenerative skeletal muscle diseases, such as DMD. Since the former are all

able to stimulate differentiation of three different markers.

EXAMPLE 1: EFFECT OF PHYTOCANNABINOIDS ON DIFFERENTIATION OF MOUSE C2C12
MYOBLASTS

Materials and Methods
Cell Culture and Reagents

[0061] Mouse C2C12 myoblasts were propagated in a growth medium (GM) composed of

Dulbecco’s modified Eagle’s medium supplemented with 10% fetal bovine serum (FBS), 50
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U/ml penicillin plus 50 pyg/ml streptomycin, and 1% L-glutamine (Invitrogen, Milan, ltaly), in a
humidified atmosphere of 95% air/5% CO2 at 37°C.

[0062] C2C12 is a mouse myoblast cell line. These cells are capable of differentiation and are a
useful tool to study the differentiation of myoblast and osteoblast, to express various proteins,

and to explore mechanistic pathways.

[0063] Exposure of proliferating C2C12 cells for 24 to 72 h to a lower (from 10% to 0.1%) FBS
concentration, plus the addition of 5 pg/ml insulin and 5 ug/ml transferrin (differentiation

medium, DM), induced their differentiation into myotubes.
Cell Viability

[0064] C2C12 cells were seeded at 2x10° cells/cm?® density in 24-well plastic plates. One day
after plating, statins (alone or in the presence of phytocannabinoids) was added to the culture
medium 24h. Cell viability was evaluated with the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; 5 mg/ml; Sigma-Aldrich) reduction assay, and formazan
salts formation upon MTT reduction by mitochondria of living cells was detected

spectrophotometrically at 595 nm.
Western blot analysis

[0065] Cells were washed two times in cold PBS and lysed with lysis solution (150 mM NaCl, 1
mM EDTA, pH 7.4, 10 mM Tris-HCI, pH 8, 1% SDS, and protease inhibitors). Lysates (50-60
ug) were boiled 5 min in Laemmli SDS loading buffer and separated by 8% SDS-
polyacrylamide gel electrophoresis. Filters were incubated overnight at 4°C with a mouse anti-
MyHC (dilution,1:1000; Millipore).

[0066] An anti-tubulin antibody (dilution, 1:5000; Sigma-Aldrich) was used to check for equal
protein loading. Reactive bands were detected by chemiluminescence (ECL-plus; GE
Healthcare). Images were analysed on a ChemiDoc station with Quantity one software (Bio-

Rad, Segrate, Italy).
mRNA extraction and quantitative PCR (qPCR) analysis

[0067] Total RNA was isolated from native tissues by use of the TRI-Reagent (Life Technology,
Milan, Italy), reacted with DNase-I (1U/ul; Sigma-Aldrich) following the manufacturer's

instructions, and then quantified by spectrophotometric analysis.

[0068] Both sides of the hippocampus were analysed. Final preparation of RNA was considered
DNA- and protein-free if the ratio between readings at 260/280 nm was >1.7. The purified
MRNA was reverse-transcribed by use of reverse transcriptase (enzyme-VILO) (Life

Technology, Milan, Italy). Quantitative real-time PCR was carried out in CFX384 real time
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[0069] PCR detection system (Bio-Rad, Segrate MI, Italy) with specific primers by the use of
SYBR Green detection (Bio-Rad, Segrate MI, Italy). Samples were amplified simultaneously in
quadruplicate in one-assay run with a non-template control blank for each primer pair to control
for contamination or primer-dimers formation, and the ct (cycle threshold) value for each

experimental group was determined.

[0070] The housekeeping genes (the ribosomal protein S16) has been used as an internal
control to normalize the ct values, using the 2-dCt formula; differences in mRNA content

between groups were as expressed as 2-ddct, as previously described (lannotti et a/. 2013)
Materials

[0071] The highly purified phytocannabinoids CBD; CBDV; CBDA; THCV and CBG were tested

in this Example.
Statistics

[0072] Data are expressed as mean 1£S.E.M. of the given number of experiments (n). Data sets
were compared by use of matched Student’s t tests or, if necessary, with one-way analysis of
variance, followed by the Newman-Keul test. Statistically significant differences were accepted

when p was < 0.05.

Results

[0073] In order to gain information about the potential effects of phytocannabinoids on
myoblast differentiation, C2C12 cells were induced to differentiate for 24-48h in DM in the

presence or absence of various phytocannabinoids.

[0074] qPCR analysis was then utilized to evaluated the expression level of the canonical

developmentally regulated skeletal markers Myog and Tnnt-1.

[0075] As shown in Figure 1A and Figure 1B, myoblasts differentiated in the presence of CBDA
(1 and 3 pM) or CBG (3 pM) had significantly reduced Myog and Tnnt-1 mRNA expression
levels. Whereas, THCV (1 and 3 uM) did not produced significant effects (Figure 1C).

[0076] In contrast, CBD (1 uM) and CBDV (1 and 3 uM) promoted myoblast differentiation, as
revealed by the significant increase of Myog and Tnnt-1 mRNA expression (Figure 2A and
Figure 2B).

[0077] The effect of CBD 1 pM on myotube formation was confirmed by western blot analysis.
72h of cell exposure to DM + 1 yM CBD, Myosin Heavy Chain (MyHC) protein expression was

significantly increased relative to the control conditions (Figure 2C).
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[0078] The potential effect of short term CBD exposure at 1 uM on differentiating C2C12 cells

was also tested.

[0079] The day after plating, C2C12 myoblasts were exposed to DM in presence or not of 1 uM
CBD for 10 min. After this time, DM was refreshed and cells washed before their exposure to
DM (without drugs) for the following 3 and 24 hrs. gqPCR analysis revealed that after both 3 and
24 h, C2C12 cells exposed to CBD 1 uM had significantly higher transcript levels for both Myog
and Tnnt-1 (Figure 3). These results indicate that a short exposure to CBD is sufficient to

promote the myoblast differentiation process.

Conclusions

[0080] These data show for the first time that the phytocannabinoids CBD, CBDV, and THCV

can regulate skeletal muscle cell differentiation.

[0081] In particular the phytocannabinoids CBD and CBDV produced a statistically significant
increase in myoblast differentiation (in contrast to the other cannabinoids) as is shown in
Figures 2A and 2B.

[0082] This means these particular phytocannabinoids or combinations thereof may prove to be
useful in the treatment or prevention of chronic or degenerative skeletal muscle diseases which
are caused by alteration of the differentiation process and subsequent degeneration of skeletal

muscle tissue, such as dystrophies, including Duchenne muscular dystrophy.

EXAMPLE 2: EFFECT OF PHYTOCANNABINOIDS ON DIFFERENTIATION OF HUMAN SATELLITE
CELLS

Materials and Methods
Cell Culture and Reagents

[0083] Primary human satellite cells (SC) were purchased from Innoprot Inc (Bizkaia-Spain)
and propagated in a growth medium (GM) which contains essential and non-essential amino
acids, vitamins, organic and inorganic compounds, hormones, growth factors, trace minerals
and a low concentration of fetal bovine serum (5%) (Innoprot Inc/Bizkaia-Spain) in a humidified
atmosphere of 95% air/5% CO2 at 37°C.
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[0084] Exposure of proliferating satellite cells 4-5 days to a lower (from 10% to 0.1%) FBS
concentration, plus the addition of 5 pg/ml insulin and 5 ug/ml transferrin (differentiation

medium, DM), induced their differentiation into myotubes.
mRNA extraction and quantitative PCR (qPCR) analysis
[0085] As described in Example 1

Materials

[0086] The highly purified phytocannabinoids CBD; CBDV and THCV were tested in this

Example.
[0087] Statistics

[0088] As described in Example 1.

Results

[0089] To further investigate the effects of the cannabinoids CBD, CBDV and THCV on human

skeletal muscle precursor cell differentiation gPCR analysis was used.

[0090] In particular, skeletal muscle cell differentiation was quantified by measuring the
transcript levels of myogenin (Myog), Troponin (Tnnt-1) and Myosin Heavy Chain (MyHC). All of

which are widely considered muscle-specific markers, required for myotube formation.

[0091] QPCR analysis revealed that after 5 days of SC exposure to differentiation media in the
presence of CBD 1 uM, CBDV or THCV 3 pM transcript levels of canonical skeletal muscle

differentiation markers such as Myog, Tnnt-1 and MyHC were significantly increased (Fig. 4).

[0092] Differentiating primary human satellite cells were also examined in phase contrast mode
by means of conventional light microscopy. As shown in Figures 5 and 6 respectively, after 4
and 5 days of exposure to DM in presence of CBD 1 uM, CBDV and THCV 3 uM differentiating
SC showed clear morphological differences with respect to the control group treated with
vehicle (DMSOQ). In particular, after 5 days of incubation in the presence of phytocannabinoids,

the cells appeared more fused and with mature myotubes being larger in size.
[0093] This latter difference was more appreciable in cells treated with THCV (Fig. 6).

[0094] These effects found in primary human skeletal muscle precursors cells were much more

prominent than those observed in mouse C2C12 cells (Example 1).

Conclusions
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[0095] The data shows that exposure to CBD, CBDV or THCV contributes to an enhanced

differentiation of precursor cells into myotubes.

[0096] In degenerative skeletal muscle disorders, such as the Duchenne Muscle Dystrophy
(DMD), the loss of skeletal muscle precursor (satellite) cells regenerative capacity and the
decreased ability to differentiate into mature and functional myotubes lead to progressive
muscle weakness with chronic degeneration. It appears that the phytocannabinoids CBD,
CBDV, and THCYV (in contrast to the cannabinoids CBDA and CBG) are all effective in
enhancing differentiation of human skeletal muscle precursor cells and as such should be

considered a treatment option for patients with such a condition.

EXAMPLE 3: EFFECT OF CANNABIDIOL (CBD) IN A MAMMALIAN MODEL OF DMD

Materials and Methods
Animals:

[0097] Mdx mice were bred and housed according to Home Office regulations. At 6 weeks
of age groups of female mdx mice (control n=18, deflazcort n=18, CBD n=19) were
acclimatised to 3.5% Kolliphor/water (v/v) in drinking water.

[0098] Control groups were maintained on 3.5% Kolliphor for the duration of the study.
Deflazacort (DFZ) groups were maintained on 3.5% Kolliphor for 2 weeks and then
maintained on 1.2mg/kg/day DFZ in 3.5% Kolliphor for 16 weeks (n=8).

[0099] CBD groups were acclimatised to 3.5% Kolliphor for 7days. On day 7, 3.5%
Kolliphor was supplemented with CBD at 76mg/kg/day for 3 days; CBD was then increased
to 120mg/kg/day for 16 weeks (n=8).

[00100] Mice and bottles were weighed twice weekly to monitor body mass and

consumption. Mice are housed in groups, therefore average consumption is calculated.

Real time PCR:

[00101] Gastrocnemius muscle was recovered at week 4 and relative gene expressions

were determined.

[00102] RNA was extracted from cells following treatment with CBD. Control RNA was
extracted from the control group (RNeasy kit, Qiagen). 2ug of RNA from each sample was

reversed transcribed using oligo dT primers (rt nanoscript 2, Primer Design).
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[00103] Stable endogenous control genes (Pak1lip1, Htatfs1) were identified using the

mouse GeNorm Kit gbase+ software (Primer Design).

[00104] Real time PCR was conducted using SYBR green (Life Technologies) on an AB
Biosystems Thermocycler. All real time PCR experiments were conducted with the following
reaction conditions. Initial 95°C 10mins, followed by 40 cycles of 95°C for 15 secs, 60°C for

1min, followed by melt curve analysis.

[00105] Relative levels of gene expression were determined using the standard curve

method and are expressed relative to the average of the endogenous controls.

Inflammatory markers:

[00106] Spleens were recovered at week 4 and CD8 positive cells were analysed.
Results:
[00107] Figure 7 details the body weights of the mice over the 16 weeks of the study. As

can be seen the total body mass between vehicle and CBD groups did not differ up to week 4;

however deflazacort group was significantly lighter (8.9%, p<0.05).

[00108] After week 4, the total body mass of the vehicle only cohort was significantly
greater than CBD treated mdx mice and both vehicle and CBD were significantly greater than
deflazacort treated mice (at week 15, vehicle=31.17g, CBD=29.42g, DF X=26.26; 5.6% and
15.8% differences, p<0.05).

[00109] Figure 8 details the real time PCR of the gastrocnemius muscle at week 4 and
the relative gene expressions. Figure 8 (a) shows that Sirtuin-1 (Sirt1) is significantly
upregulated in CBD cohort only (84.9%; n=9 p<0.05).

[00110] Figure 8 (b) shows that PGC1 a is significantly upregulated in the CBD cohort
only (125.8%; n=9 p<0.001).

[00111] Figure 8 (c) shows that mitochondrially encoded NADH dehydrogenase 2 (MT-
ND2) is significantly upregulated in CBD cohort only (253.2%; n=4 p<0.05).

[00112] Figure 9 demonstrates the levels of CD8 positive cells in the animal’s spleens. It
can be seen that the total percentage CD8 population was unaffected by deflazacort, however
the total percentage of CD8 population is significantly reduced from 10.9% (vehicle) to 8.7%
(CBD); 19.7% difference (n=9; p<0.001).



WO 2016/059411 PCT/GB2015/053044

14
Conclusions:
[00113] The in vivo data above demonstrates that CBD is able to treat DMD.
[00114] The real time PCR data from the mouse model of DMD demonstrates that all

three genes, Sirt-1; PGC1 a; and ND2 were upregulated. These genes are important markers

in DMD as follows;

[00115] Sirtuin-1 (Sirt-1) is & gene found in humans and other mammals that helps to

promote survival by protecting cells during times when food and energy is scarce.

[00116] Peroxisome proliferator-activated receptor gamma, coactivator 1 alpha
(PGC1a), is a transcriptional co-activator that regulates genes involved in energy
metabolism demonstrated for the first time that CBD promotes an oxidative metabolism and

angiogenic phenotype in skeletal muscle cells.

[00117] Mitochondrially encoded NADH dehydrogenase 2 (MT-ND2) is a gene

associated with metabolism.

[00118] The statistically significant increase of all these genes in the DMD mice treated
with CBD suggests that the CBD is able to promote the up-regulation of genes which will result

in an increase in muscle and as such suggests a useful treatment for DMD.

[00119] Furthermore the reduction of inflammatory markers with CBD additionally
suggests that the treatment is additionally producing an anti-inflammatory effect which will be of

use in the treatment of diseases such as DMD.
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CLAIMS

One or a combination of the phytocannabinoids Cannabidiol (CBD); Cannabidivarin
(CBDV); and Tetrahydrocannabivarin (THCV) for use in the treatment of degenerative

skeletal muscle disease.

One or a combination of the phytocannabinoids for use according to claim 1, wherein

the phytocannabinoid is CBD.

One or a combination of the phytocannabinoids for use according to claim 1, wherein
the phytocannabinoid is CBDV.

One or a combination of the phytocannabinoids for use according to claim 1, wherein
the phytocannabinoid is THCV.

A combination of the phytocannabinoids for use according to claim 1, wherein the
phytocannabinoids are THCV and CBD and / or CBDV.

One or a combination of the phytocannabinoids for use according to any of the
preceding claims, wherein the degenerative skeletal muscle disease is Duchenne

muscular dystrophy (DMD).

One or a combination of the phytocannabinoids for use according to any of the
preceding claims, wherein the dose of the phytocannabinoids is between 1 and 1000

mg/kg day.

A pharmaceutical formulation comprising one or more phytocannabinoids as claimed in

any of the preceding claims and one or more excipients.

A method of treating a subject suffering from Duchenne muscular dystrophy (DMD)
comprising administering one or a combination of the phytocannabinoids Cannabidiol
(CBD); Cannabidivarin (CBDV); and Tetrahydrocannabivarin (THCV) to the subject in

need thereof.
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Effect of 1 and 3 uM CBDA, CBG and THCV on C2C12 cell
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Effect of 1 and 3 uM CBD and CBDV on C2C12 cell differentiation
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Effect of a short-term exposure to CBD in C2C12 mycblasts
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Effect of CBD, CBDV and THCV on satellite cell differentiation
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Phase contrast images of satellite cells treated with CBD, CBDV
and THCV at 4 days
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Phase contrast images of satellite cells treated with CBD, CBDV

and THCV at 5 days
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Body Mass changes of MDX mice after 16 weeks
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Real Time PCR expression of DMD gene markers
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