Volume 6 ¢ Issue 4 | 422

;
faium FORTUNE JOURNAL OF

JSHIElE HEALTH SCIENCES

’ ISSN: 2644-2906

L

Research Article

i

LY “

pm b I
b}\f[n | o
& 2 "'::g

(-)-Agelastatin A is a Potent Modulator of Osteopontin Expression in Normal

and Dystrophic Canine Myoblasts

Madison Feng, Sara Mata Lopez, and Peter P. Nghiem*

Abstract

(-)-Agelastatin A [(-)-AA] is a naturally occurring alkaloid of marine
sponge origin that is a potent modulator of osteopontin (OPN). The latter is
a multifunctional cytokine expressed in many types of cells and is involved
with several important cellular processes, including adhesion, proliferation,
immune response stimulation, and so on. As such, modulating OPN could
be of therapeutic benefit for various diseases. On that note, (-)-AA has
been shown to reduce OPN in xenografted human tumors in nude mice.
Additionally, an OPN genotype was associated loss of ambulation in
Duchenne muscular dystrophy (DMD) boys and its expression associated
with pathology. In this study, we analyzed OPN expression in normal and
canine DMD stem cells (myoblasts) after AA treatment. When suspended
in 1,2-propanediol (3-deoxy-DL-glycerol), (-)-AA elicited a dose-
dependent decrease in OPN mRNA expression in canine DMD myoblasts
at doses ranging from 0.01nM — 30nM. There was also a dose-dependent
cell detachment after 24 hours of AA treatment with concentrations of
10nM and greater. Further studies are warranted to determine if (-)-AA is
safe and can provide therapeutic benefit in animal models of DMD.
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Introduction

Duchenne muscular dystrophy (DMD) is a devastating, monogenic,
muscle-wasting disease caused by a loss of dystrophin protein [1]. Dystrophin
deficiency disrupts the normal structural integrity and proper functioning of
the costameric dystrophin-glycoprotein complexes that link the sarcolemma
to the myofibrils [2, 3]. The cytoskeleton is then unable to support the normal
repeated muscle stretching and contracting that occurs during exercise-
induced damage [4]. These events then bring about the chronic degeneration
and regeneration within the affected muscle. The necrotic injury that ensues
then promotes widespread muscle inflammation and fibrosis; a situation
that causes the regenerating muscle cells to transform into fibroadipocytes
[5], which then promote fat infiltration into the skeletal muscle and allied
fibrosis. Together, these actions cause severe muscle wasting and weakness;
circumstances which typically induce loss of ambulation by 12 years of age,
and death by their 30-40s, frequently from attendant cardiac or respiratory
arrest.

There is remarkable variability in the extent to which many individuals
are affected by DMD, with the first debilitating signs of the disease typically
manifesting themselves between the ages of 2 to 5. Most of the phenotypic
variability is associated with the type of DMD gene mutation that has arisen.
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Either in-frame or out-of-frame, with the former leading
to the much milder Becker MD syndrome, in which some
truncated functional dystrophins can still be found; and
the latter leading to the more severe DMD disease, where
dystrophin is significantly reduced to absent [6]. That said,
there are several genetic modifiers that may dramatically
accelerate DMD progression [7]. One of these is osteopontin
(OPN); also known as secreted phosphoprotein 1 (SPP1) [8].
It can markedly exacerbate the amount of muscle damage,
inflammation, and fibrosis that can occur [9-13], particularly
when it is chronically overexpressed within DMD muscle,
as happens, when there is repeated mechanically-induced
muscle injury.

While it is possible to delay the progressive muscle
weakness, attendant loss of ambulation, and generally
declining motor function with the aid of corticosteroid drugs
(e.g. prednisolone or deflazacort) [14], these benefits are only
temporary. Steroidal drugs also often elicit many undesirable
side-effects such as immunosuppression, neuropsychiatric
deficits, osteoporosis, slow wound healing, metabolic and
endocrine derangements, growth retardation in children,
amongst others. While dystrophin restoration therapies
hold quite considerable promise in restoring dystrophin
expression, other treatments are needed to stop and even
reverse the secondary sequela, including inflammation and
fibrosis. (-)-Agelastatin-A [(-)-AA] is a naturally occurring
oroidin alkaloid of marine sponge origin that exerts strong
antitumor effects against a wide range of xenografted human
tumors in nude mice [15-17]. Its mechanism of action
includes downregulation of OPN. In this study, we sought to
determine if (-)-AA could downregulate OPN in muscle stem
cells (myoblasts) from normal and dystrophic canine origin.

Methods

Materials. The (-)-AA used here was a kind gift from the
laboratory of Dr. Karl Hale and was synthesized according to
experimental procedures detailed previously [18-20].

(-)-AA Dilution. (-)-AA was diluted in 1,2-propanediol
(3- deoxy-DL-glycerol; 1,2-propylene-glycol) to make
concentrations of 0.01, 0.1, 1, 5, 10, 30, 100, and 1,000
nanomolar (nM).

Cell Culture. Myoblast isolation was performed as
previously described [21, 22]. Briefly, myoblasts were
isolated with a pre-plate technique and cryopreserved at
-80°C until analysis. Myoblasts were plated in flasks and
then transferred to collagen-coated 6, 12, and 24 well plates
with 1-5 x10° cells per well in complete growth/proliferation
medium. Myoblasts were allowed to attach to the collagen
plate and proliferate until approximately 70-90% confluency.

Cell Treatments. Complete proliferation medium was
changed to DMEM (Dulbecco’s Modified Eagle’s Medium).
Myoblasts were then treated for 72 h with either (-)-AA
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(diluted in 1,2-propanediol) or placebo (equal volume of
1,2-propanediol).

Microscopic  Analysis and  Necrotic  Fiber
Characterization. A light microscope and cellular camera
were used to take images before treatment (day 1) and every
24 h (day 2 [24 hr of tx], 3 [48 hr of tx], and 4 [72 hr of tx]).

RNA Analysis. The cells were first washed with 1XPBS.
Total RNA was then extracted from cell culture with
Tripure, and its quality and quantity were determined with
a Bioanalyzer, as previously described [22]. Complementary
DNA was generated by reverse transcription. (-)-AA-treated
cultures were analyzed for OPN mRNA expression using
SYBR green assays. Primers for OPN and the internal
control, HPRT1, as well as quantitative, real-time (qRT-)
PCR parameters can be found in a previously published study
[22].

Statistical Analysis. We analyzed CT values from
the qRT-PCR of mRNA for OPN in normal and GRMD
myoblasts following treatment with various doses of (-)-
AA using a pairwise fixed reallocation randomization test to
determine fold-change and standard error of the mean (SEM).
Bar graphs were plotted as the mean of each treated group
and the SEM.

Results

We treated for 72 hours normal and dystrophic myoblasts
with (-)-AA dissolved in 1,2-propanediol over a range of
drug concentrations from 0.01-1,000 nM, and then analyzed
mRNA for OPN expression. Although we did see statistically
significant changes in OPN mRNA in normal dog myoblasts,
the (-)-AA responses were not dose-dependent (Fig. 1A).
Nonetheless, after observing positive results in the normal
cells, we chose to focus our remaining efforts on dystrophic
myoblasts. A dose-dependent decrease in OPN mRNA was
observed following (-)-AA treatment at concentrations of
0.01 nM-30 nM in canine DMD myoblasts (Fig. 1B).

In control (placebo)-treated, canine DMD cells, there was
a small amount of cell detachment evident by days 3 [48 h
of tx] and 4 [72 h of tx] (Figure 2, left panel). In AA-treated
cells, on day 4, increased cell detachment was observed at
10nM and greater (Figure 2, right panel), which was dose-
dependent. At the 1,000 nm (1 uM) concentration, cell
detachment was almost 100% by day 4 (Figure 2, right panel).

Discussion

Although we did see changes in OPN mRNA in normal
dog myoblasts, the (-)-AA responses were not dose-
dependent, making these results rather difficult to interpret.
Nonetheless, in canine DMD myoblasts, a dose-dependent
decrease in OPN mRNA was observed following (-)-AA
treatment. This suggested that the OPN gene is somehow
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Figure 1: (-)-AA reduced OPN mRNA expression after 72 hrs in A) normal and B) dystrophic myoblasts, the latter was dose-dependent.
Quantitative real-time PCR was performed to quantify OPN mRNA. Expression of OPN was determined as a fold change of 1xPBS control-
treated cells. HPRT1 was used as an internal control for 1,2-propanediol (placebo) and (-)-AA-treated cells. A pair-wise fixed reallocation
randomization test was performed to determine the fold change. *p <0.05; **p <0.01; ***p <0.001.
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Figure 2: Light microscopic images of treated DMD dog myoblasts at various AA dosages. Images were taken up to 72 hrs after treatment.
Day 1 = baseline, no tx; day 2 = 24 h of tx; day 3 = 48 h of tx; day 4 = 72 h of tx. All images were taken at 4X objective.

primed in dystrophic muscle cells, presumably because of the myoblasts are much more susceptible to a dose-dependent
well-known upregulation of OPN in dystrophic muscles [12]. decrease in OPN expression when they are treated with (-)-
Whatever OPN downregulatory mechanism is operational, AA than are normal myoblasts.

the most salient observation made here is that canine DMD We observed a small amount of cell detachment after 24
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hours of treatment with placebo. This was not surprising,
as primary myoblasts are susceptible to the removal of
proliferation media and to various treatments, despite the
innocuous nature of the conditions. In (-)-AA treated cells,
however, we did observe a dose-dependent cell detachment
in normal (not shown) and dystrophic myoblasts at doses of
10nM or greater. Since OPN regulates a multitude of cellular
processes, including cell adhesion, it was no surprise that the
potent (-)-AA significantly inhibited OPN expression and its
adhesion function.

In this study we have documented the downstream
effects of treating dystrophin deficient myoblasts with (-)-
AA. The ability of (-)-AA to pharmacologically manipulate
the expression of OPN, in a way where its injurious pro-
inflammatory/fibrotic effects can be diminished, and
its beneficial, pro-regenerative, properties [23] can be
maintained, is of substantive interest. Care should be taken
to dampen the immune response, but not to negatively effect
other important cellular functions.

There are some drawbacks of our study. Our multi-year
quest to identify an antibody to detect OPN protein in canine
cells and tissue has been met with failure. Also, some of the
(-)-AA treatments were missing imaging days due to logistical
difficulties. We selected myoblasts due to their availability in
our cryopreserved biobank; that said, important knowledge
of OPN manipulation can be gleamed from our myoblast
study. In the future, immune cells, myofibroblasts, and
fibroadipogenic progenitor cells from normal and dystrophic
individuals should also be assessed with (-)-AA treatment, as
well as in vivo pre-clinical studies.
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