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Abstract

Rhabdomyosarcoma (RMS) is a skeletal mudgelgaved tumour and is the most
common soft tissue sarcoma diildhood. RMS tumours arise due to defects in
differentiation, and as a result proliferate indefinitdhannexins consist of three
members (pannexinl, 2, and 3) and are known to form single membrane channels
Reports have shown expression of pannexin@nxB) as both the expected
molecular weight species at ~43 kDa as well as a ~70 kDa immunoreactive
species. While studies have begun to report on the function of the ~43 kDa form,
the exact identity and function of the ~70 kDa immunoreactive species ®8 Pan
remains poorly understood. It has recently been reported that the ~70 kDa
immunoreactive species of Panx3 is highly expressed in proliferative, non
differentiated human primary skeletal muscle myoblasts (HSMM), becoming
drastically down regulated durindjfferentiation. Indeed, knockdown of the ~70
kDa immunoreactive species of Panx3 inhibited proliferation without inducing
differentiation in skeletal muscle myoblasts. We thus hypothesized that the ~70
kDa immunoreactive species of Panx3 would be upatgdlin RMS supporting

this proliferative phenotype. Here we now show that the@ kDa immunoreactive
species of Panx3 is increased in RMS cell lines and tumours to a level similar to
that seen in undifferentiated HSMM and fetal tissues, respectivelyhdfurt
characterization of this species revealed that it is indeed a glycoprotein, an
intrinsic characteristic of all pannexin members, it is recognized by two Panx3
antibodies targeting distinct epitopes, and it is reduced with Panx3 specific
shRNA. Reductim of levels of the ~70 kDa immunoreactive species of Panx3
resulted in a significant decrease in proliferation of RMS cells without inducing
differentiation. Taken together, these data suggest that the ~70 kDa
Immunoreactive species of Panx3 might be iagdlin keeping undifferentiated
RMS cells in a proliferative state and that reduction of its levels or functions may
be beneficial for RMS.
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Introduction

Background on Rhabdomyosarcomas

Rhabdomyosarcoma (RMS)as aggressivéorm of childhoad cancer with
a poor prognosis ans the most common soft tissue sara in children and
adolescents'. It accounts for approximately 50% of all pediatric soft tissue
sarcomas, and for-8% of all childhood malignancig's RMS tumaurs arise as a
result of differentiation defectduring myoblast differentiatiod. RMS can also
originate from muscle satellite cefisThese satellite cells are inaet muscle cells
which have the potential foroliferate as a result of injud/. Like other cancers,

RMS cells can proliferate indefinitely without terminatlifferentiating®.

While RMS tumours develop in skeletal muscle, studies have shown that
RMS tumours carmriginate fom other normuscle areas likealivary gands and
genitourinary tract§'®. This indicateghat these tumas are not limited to muscle
tissue andan arise anywhere in the bo#§. Current treahents for RMS involve
chemotherapy, radiation and surgéty’. However, these are associated with
many side effects such as infertility, cardiac diseases and organ fatluigven
with these aggressive treatments, the survival rate for RMS has remained below
30% for the past 15 yeafsThere is thus a need for a novel therapy for improved

treatment of RMS with fewer side effects and better overall outcome.



Subtypes of Rhabdomyosarcomand Their Origins

There are two major histological forms of RMS: embryonal (eRMS) and
alvedar (aRMS)*?13 Embryonal RMS umours are the most common form of
RMS and are most frequenttpnfinedto the head and neck aread. They are
commonly seen in children below 10 years of atfg* Unlike eRMS, alveolar
RMS usually occur in people between3@ years of age angsuallyarise in the
extramities °. Alveolar RMS accounts for 25% of all RMS casesWhile it is

less common than eRMS, it is more aggressive and has a poorer prégjnosis

Chromosomal translodans are very ammon in aRMS"1¢. About 90% of
cases of aRMS carry translocatioetween chromosome 2 and 13 or chromosome
1 and 13resulting in fusion proteins, both of which are products of transcription
factors "6 The first transcription fetor consists of PairedBox (PAX)
transcriptionfactorfamily members wheredhe second class consists of Forkhead
(FKHR) family membes ’. PAX-FKHR suppresses differentiation by inhibiting
the transcriptional activity of the myogenic regulatory factor MyoD'herefore,
chromosomal translocatns between PAX3&nd PAX7 with FKHR transcription
factor genes (PAXFKHR & PAX7-FKHR) are the prime factors which lead to
the origin of RMS tumorg 7131720 On the other hand, loss of heterozygosity,
mutationsin p53geneand dysregulation in Mas or krassignaling pathways are

the leading causes for th@ogression ofeRMS 2131720 |n vivo studies have



shown that ras activation is enough to initiate tumorigenesis suggesting that

dysregulation of ras signaling is an important factor in the progression of éRMS

Skeletal Muscle Differentiation

The pocess of skeletal muscle terminal differentiation involves a sequence
of organizd events and cellular changes. There are various factors like
expression ofmyogeninand musclespecific poteins and fusion of myoblasts
which play an important role in thprocess$?! (Figure 1). Proliferative myoblasts
express muscle regulatory factors (MRFs) like myogenic factor 5 SMyf
myogenin,myoblast determination protein (Myo@hdmuscle regulatory factor 4
(Mrf4), but musclespecific genes are expressed only after the formation of
myotubes®?! (Figure 1). Skeletal musckell determination and differentiation are
regulated bya network of four MR - Myf5, myogenn, MyoD and Mrf4/Myf6
2L The ftanscription factors MyoD Myf5, and Mrf4 are known as cell
determination geneas they can direct muscle cell fate from somatic multipotent
muscle pogenitor cells®. Indeed, mice triple mutants for these genes lack
differentiated muscle fibers and myobla$t$?24. Double homozygous mutants
lacking both Myf5 and MyoD were also shown lase their capability to form
muscles and did not express muscle markers and myogehim the same study,
homozygous mutation of myogenin in mice demaatstd inability of myoblasts to
form myofibers 2. These reports suggested that myogenin was required for

terminal differentiation of skeletal muscle celfsAs membes of the basichelix-



loop-helix (bHLH) transcription factorfamily, myogenin and MyoDactivate
muscle specific genes likeyosin heavy chain (MHCandsupport myogenesis by
making cells differentiate from the giiferative phase?*?3, MHC, MyoD, and
myogenin can thus be effectively used as marketo study skeletal muscle

differentiation?3:2327,

Differentiation Defects and RMS

RMS express MRFs like Myoland myogenin, yet they are unable to
complete the differentiation proce®3$?®2 Among all MRFs, MyoD is the main
player controlling ngogenesi$’. Many studieshavefocused on investigating the
role of MyoD in ceregulaton of differentiation in RAS. It has been shown that
exit from the cell cycle is not achieved in RMS due to inhibition of MyoD activity
57, PAX-FKHR proteins can suppress differentiation by inhibiting MyoD
transcriptional activity, whichis one of the main characterisgtiof RMS >7. In
addition, the suppression of PAX3 genes caused by the presence of the PAX3
FKHR results in the cells inability to exit cell cycle in RMSAs a result, PAX
FKHR proteins suppress terminal muscle differentiation thus promoting RMS
development’?’. Hence, dysregulation in PARKHR gene targets and MyoD
function leads in part to the impaired differentiation in RE£S2° As impaired
differentiation in muscle cells promotes RMS and as RMS variants exhibiting a

lesser degree of differentiation demonstrate greagtignant potential, it is



Figure 1. Schematic representation of mammalian skeletal myogenesis

Schematic representatiaf skeletal myogenesigom Hettmer and Wager¥.
Muscle specification depends on myogenic trapsiom factors (such as PAX3,
PAX7, MyoD, Myf5, myogenin and Myf6).These transcription factorare
required for myogenic differentiatiorSequentially, this process involves the
fusion of myoblast¢o form myotubeswhich are subsequently aligned to form
muscle fibers During skeletal myogenesis, expression of stem cells markers
(PAX3, PAXT) reduces whereas differentiation markei®yoD, myogenin,
Myf5, and Myf 6)increase.
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commonly hypothesized that inducing differena in RMS tumors might

prevent tumor progression and metastasis.

Pannexins

Recently, human genome analysis has revealed 3 genes wlh%25
sequence homology to the gap junction prote@hfvertebratesinnexins and
were subsequently called pannexifds®2 This novel family consists of
pannexinl (Panx1), pannexin2 (Panx2)d @annexin3 (Panx3¥ . Pannexin
family did not sharesequence homology wittbnneins, which aremammalian
gap junction proteinsvas found,and werethus suggested to have distinct

functions3132:36

Expression Patterns and Distribution of Individual Pannexins

Studies have shown that, in humaRanx1 transcpts can be detected in
the heart, skeletal muscle, testiovaries,brain, colon,spleen, erythrocytes,
pancreas, lung, liverand skin333°, However, at the protein level, Panxl was
detected in murine brain, kidney, liver,lepn and heat® 3. Panx2 transcripts
have been detected in human adult bPaift. Panx3transcripts were found in
osteoblasts, fibtolasts and cartilages from inner ear of mots¥. Western
blotting analysis have shown two immunoreactive species for Panx3 at ~43 kDa
and ~70 kD&% 353738 The ~43 kDa species of Panx3responds to its expected

molecular weigh#3. Interestingly,the two forms were expressed in murine skin,



cartilage,and heart ventricles, whilhe ~70 kDa specieswas foundin lung,

liver, spleen, and thymu¥. The ~70 kDa species was also found in the male
reproductive tract of adult rdf. Recently, our laboratory has demonstrated that
both Panx3 species, in addition to a form at ~51 kDa, were detected in human,

mouse and rat skeletal muscle tisstfes

Topology and Biochemisty of Pannexins

Pannexins exhibita topology similar to connexins andnexins They
p 0o s s e s-belicalransmerbbrane domains (TM), two extra cellular loops (EL)
and one intracellular loop (I3 3%®. Variability in sequence is seen highastthe
C-termini (CT) whereas the Nermini (NT) is an extremely conserved domain
3435 Panxl and Panx3 are homologous to each otfh& Panxl and Panx3
protein sequences reveal a 41% similarity at the amino acid*&felMoreover,
Panx1 and Panx3 have similar CT domains and contains many glycosylation and
phosphorylation si®3%3%, Panx2exhibits a largelCT domain resulting irthe
distinct and unique functions of PanxX23¢. Similar to nnexins, theEL of
pannexinscontaintwo highly conserved cysteine residu&s® Site mutagenesis
studies have shown that Panx1 forms cleéswia four cysteine residués* 42 As
opposed t o Panx knowntabboetthe Panx3 chanfelmation h
344142 panx3releaseATP into the extracellular environmerthereby acting aa
endoplasmic reticulum (ER) €achannelto promote chondrocyte arabteoblast

differentiation 34343 Panx3 has also been shown to redupmoliferation of



keratinocytes42544 Panx3 plays a key roli@ sperm transport and maturation in
rats *°. Moreover Panx3 channels have been shown to regulate proliferation and

differentiation of skeletal muscle myoblasts
Pog-Translational Modifications in Pannexins

Pannexins undergo considerable poshslational modifications. It has
been reportedthat Panxl is glycosylated,itmosylated, and phosphorylated
33354546 panx2 has been shown to be glycosylated and palmitoyfdt&d
Glycosylation has also been observed in both species of Pard%3>3" Our
laboratory receml showedthat as opposed its ~43 kDa species, #1® kDa
immunoreactive species of Panis3alsophosphorylatecind sialylated38. While
the role of sialylation in pannexins is currently unclear, it may regulathatsnel
function since the gating of the voltage dependent channel has been shown to be
regulated by sialic acié®. The phosphorylation of the ~70kDa immunoreactive
species of Panx3 has onlydmaepoted in skeletal muscl&, and suggests that it
may also possess characteristics that are distinct from the ~43 kDa form of Panx3
38.

Of all the pannexin podtanslational modifications, glycosylation has been
the lkest describedN-linked glycosylation is the most common and watllidied
modification of all the pannexin¥ 3°. Protein sequence analysis reveatbet
asparagine 254ral 71are theN-linked glycosylation sites in the second and first

extracellular loop of Panxl and Panx®spectively333° Moreover, Panx2



demonstrated Ninked glycosyation at asparagine 86 in the first EL domzfi#°.
Panx3glycosylationplays a vital role in thetheir propeitrafficking and regulation

of cellular localization®¥35454¢ |n additbn, pannexin glycosylation is important

for intermixing between pannexin family members by regulating their channel
function 3335 The fissue expression profile demonstch that Panxl was
expressed in several mouse tissues such as brain, lung, kidney, liver, skin, spleen,
heart ventricles and cartilag&s®. High variabilityin the degee of glycosylation

in these tissues was observ&f®. High glycosylation of Panxl was seen in
murine brain and spleen as compared to murine skin and caffiidyéiowever,
Panx3 was found below detectable levels in murine I5#ain This variabilityin

the degree of glycosylation suggest that the functions of pannexins might be
differentially regulated by their state of glycosylatitr$°. Moreover, murine skin
andcartilage demonstrated the presence of both Panx1 and Bagg8&sting that
pannexins might exhibit distinct functions ihe same tissue®*3°. Both Panx1

and Panx2 weréound to behighly expressedn brain 3355 |t was shown that
Panx1l and Panx2 acts as a tumor suppressor in C6 glioma&!céliMoreover,

both Panx1 and Panx3 were found to bespnt as punctate and diffused staining

in epidermis suggesting differentfunctions of pannexins in skirf¥3%37
Furthermoreit was demonstrated that both Panx1 and Panx3 were down regulated

in human keratinocyte tumo#$35:37
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Channel Properties of Rinnexins

Panx1 has been shown to form pannexin oligomers named panrféxons
Dye uptake assays have revealed thamimers of the pannexin famitaninteract
to form intermixed single membranechannels 34342 Intermixing between
pannexinsis dependent upon their glycosylation status as Panx2auis with
Panx1 3335%_ Furthermore, intermixinghas been shown to occur primarily
between Panxl and PanxBteractions betweeRanxl and Panx3 arare33 345,
The intermixing between Panxl and Panx2 results in regulation of single
membrane channel functicf3>424° |t was shownhat Panx2 plays significant
role inintermixing by inhibitingPanx1 channef& 34245 However the Panx1 and
Panx3 intermixing did not lead to any change in the channel function properties
344245 Recent studies have shown that pannetiannel properties are tisct
from those fomed by connexin 3 Indeed, pannexindo not form gap junctions
but rathersingle membrane channéfs As single membrane channels, Panx1 and
Panx3 releaseATP into the extracellular environment, thereby suggesting an
important functional role for panrims 34343 Panxl and Panx3 channels also
participate inpurinergic receptorsP2X and P2Y signaling as well as acting as

C&*channels in the endoplasmic reticulum (B

11



Cellular Functions of Pannexins

There have been mipte cellular functions associated with Panx channels
to date. Panx1 has been shown to play a role in calcium wave propagation and
vasodilation®**°. Panx1 also plays a vital role in apoptosis as caspases cleave
Panx1 subunits inducing the release of ATP and 3¢ This ATP and UTP
then acts as Afind meodo signals to attr
4356 In addition, reports have also demonstrated that under stress conditions,
Panx1 channels control blood flow by releasing ATP from erythrociftes
Panx1 plag a role in vasodilatatioR®, inflammatory responses’->8 epilepsy®°,
ischemic death of neurorf§, death ofenteric neurons during coliti¢', and
stabilization of synaptic plasticity and teing ®2. Recent data in the literature has
demonstrated that in organotypic cultures from rat epidermal keratinocytes (REK),
Panx1 over expression disturbed the epidermis layer thickness, sisggesting
an important role of Panx1 in regulation of keratinocyte differentiattéfy Our
laboratory has recently showimat Panx1 plays an important role in the regulation

of skeletal muscle cell differentiatich

Contrary to Panx1, the physiological and cellular functions of Panx3 still
remain poorly understood. It has been régabthat the ~43 kDa species of Panx3
regulates osteoblast and chondrocyte differentiation by promoting intracellular
ATP and cAMP release into the extracellular environm&#t, Panx3 was also

shown to act as an endoplasmic reticulum calcium chaon@omote osteoblast

12



differentiation 343 Regulation of proliferation of osteoprogenitor cells through
Wnt and p21 signaling was also refeal to be dependent upon Parfk3A new
report has demonstratéiolat thenucleotidereleaseand monocyte chemoattraction

in skeletal musclare dependent upon Panx3 chanfgl©verexpression of ~43

kDa species of Panx3 has be&own to reduce keratinocyte proliferation, but did
not alter the organotypic epidermis integfifyIn the same study, increases in the
levels of the ~70 kDa immunoreactive species of Panx3 were e@gtecating
keratinocyte differentiation into organotypic epidermis, suggesting that it may play
a role in this process*®. Recently, our laboratory has shown that the
overexpression of the ~43 kDa speacief Panx3 inhibited the proliferation of
human &eletal muscle myoblasts (HSMMhnd induced their differentiatiof. In
addition, we have also demonstrated that the ~70 kDa immunoreactive species of
Panx3 is regulad during skeletal muscle differentiatiéh Indeed, the levels of

the ~70 kDa immunoreactive species of Panx3 were very high in proliferative and
undifferentiated HSMM and were significantly reduced during theieiftiation

38 Furthermore, the reduction of the ~70 kDa immunoreactive species of Panx3
using shRNA in HSMM significantly reduced their proliferation, but did not

trigger their differentiatior®.

13



Table 1 Tabular summary of the known functions of pannexins

Summary of the functions of the various pannexin species as reported to date.

14
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Role of Pannexins in Carcinogenesis

Pannexins have been shown to play a significant role in carcinogenesis.
Indeed, tumor suppressor pesties have been demonstrated for both Panx1 and
Panx234375152 The overexpression of Panxl and Panrducedhe proliferation
of C6 glioma cells, as well as reduced tienor growth in vive®°2 However, a
contrary effect of Panxl was observed in skin canéert was revealed that
during progression of melanomBanx1 levels were increaseohd thatPanx1l
knockout lead to reducemhelanoma tumor growtff. On the other handt was
shown that botiPanxl and R&3 levelswere significantly reduced irhuman
keratinocyte tumors compared to normal skin, thus suggesting for the first time a

role for pannexins in human carcinogenésis

Differential Expression and Reulation of the ~70 kDa Immunoreactive

Species of Panx3 during Skeletal Muscle Differentiation

Recent esults from our laboratory indicate thiae protein levelsf the~70
kDa immunoreactivespecies of Panx3 are modulated during efiedl muscle
myogeneis 38, Proliferative undifferentiated skeletal muscle myoblasts exhibited
high expression of the ~70 kDa immunoreactive species of Panx3, which became
drastically down regulated during differentiatiéth In addition, high expression
levels of the ~70 kDa immunoreactive species were found in fetal human skeletal
muscle, as compared to the adult tis§udhe successful knockdown of the ~70

kDa immunoreactive species of Panx3 using shRNA lead to a drastic reduction in
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myoblast proliferation®. However, this was insufficient by itself to trigger the
differentiation process of skeletal muscle céfisOverall, these results suggest
that the ~70 kDa immunoreactive species of Panx3 is a novel regulator of skeletal

myoblast proliferation keeping cells in a proliferative state.
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Rationale and Hypothesis

Recently, ourlaboratory has shownhat boththe expected molecular
weightspecies (~4&Da) andthe ~70 kDa immunoreactive species of Paan
present in human skeletal muschdls and tissue¥. It was revealethatthelevels
of the ~70 kDa immunoreactivespeciesof Panx3 werédighly expressed in fetal
tissues as well asn proliferating undifferentiated human skeletal muscle
myoblasts. These levels wesgnificantly reduced with the onset ahyoblast
differentiation 8. Indeed, shRNA knock down of the ~70 kDa immunoreactive
species significantly inhibited skeletal muscle myoblast proliferation suggesting
that it may play a role in keeping undifferentiated cells in a proliferative $tate
We thus hypothesize that th&0 kDa immunoreactivespecies of Panx3 i be
upregulated in RMSand that therestoation of its levelsto that seen in adult

differentiated skeletal muscle will suppress its malgrproperties.
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Objectives

The first objective of this study was &ssesghe levels of the~70 kDa
immunoreactive species Banx3 in RMS cell lines and tummosamplesNext, we
wantedto further characterize the-70 kDa immunoreactive species &fanx3
detectedn RMS cell lines To achievethis, we assessed its immunoreactivity to
two different antibodies against Panx3 aasbessethe presece and degree of
glycosylation.To provide further characterization and be able to assess function
we nextwanted to establish a knockdown of th&0 kDa immunoreactive species
of Panx3 in RMS cell linesTo achieve thisa shRNA approach was employed
Following successful kack down of the Panx3 ~#&Da immunoreactive species
our final objectivewas to assessthe changes in RMS malighant properties

utilizing markes of myocyteproliferation andifferentiation.
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Materials and Methods
Cell Lines and Culture Condition

Rhabdomyosarcomas (RMS) cell lines were cultured in RP&A0
medium supplemented with 20 Fetal Bovine Serum (FBS), 100 Units/ml
penicillin, 200ug/ml streptomycin and 2mM glutamiri8igmaAldrich, St Louis,
MO, USA). The cells were cultured in a-75 cn? flask (Corning Incorporated
Coming, NY, USA) in a 5% Cg®incubator at 3%C. After cellswere confluent
they were split into new-¥5 cntflask periodically Embryonal RMS (eRMS) cell
lines Rd, Rh 18, Rh 3@nd alveolar RMS (aRMS) cell lingd8h28, Rh 30 and Rh
41, were a generous gift by Dr. Peter Houghton f@mJul e Chi | dr en 6 s
Hospital with the exception ofthe Rd cell line, which was obtained from ATCC
(American Type Culture Collection). HSMM (Primary Human Skeletal Muscle
Myoblasts), SkGM media (containing of human Epidermal Growth Factor
(hEGF), Fetun, Bovine Serum Albumin(BSA), Dexamethasone, Insulin, and
Gentamicin/AmphoterickB (GA) were purchased from Lonza Walkersville, Inc.

(Walkersville, MD, USA).

Pediatric eRMS Tumor Sample

Human eRMS tumor tissues wembtained from the department of
pathology at the Children Hpital of Eastern Ontario (CHEO), through
collaboration with Dr. David GrynspamNormal healthy fetal and adult skeletal

muscle wholelysates were used as comparisavhich were purchased from
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Novus Biologicals (Littleton, CO, USAThese tissues were hogenized in lysis
buffer containingl% SDS inphosphate buffered salinPBS in the presence of
protease inhibitors against serine, cysteine and acidic proteases (complete
UltraMini, Roche Diagnostics Corp., IN, USAphosphatase inhibitors against
acid aml alkaline phosphatases, serine/threonine phospkatasé tyrosine
phosphatase(PhosStop Roche Diagnostics Corp., IN, USHdmogenization of
tissues was carriedt 4 C, using an Omni Bead Ruptor Homogenizer, for 20
minutes using 2.38 mm stainless steeads (Omni International, Kennesaw GA,

USA).

Western Blotting

Cells were lysed in 150mM NaCl, 10mM TH#CI (pH 7.4), 1ImM EDTA,
1mM EGTA, 0.5% Nonidet 0, 1% Triton X100. Protease inhibitors against
serine, cysteineand acidic proteases (completdtreMini, Roche Diagnostics
Corp., IN, USA) and phosphatase inhibitors against acid and alkaline
phosphatases, serine/threonine phosphsitasd tyrome phosphatase®ljosStop
Roche Diagnostics Corp., IN, USA) weagldedto it. The samples were lysed on
ice and centrifuged for 10 minutes at 12000 RPM to remove cell d@patein
concentration was measured using bicinchoninic acid (BCA) protein assay kit
(Pierce, Bi ol ynnx, -mdRcaptokthanot was adddd ,to 5 S A) .
Laemmli Buffer 60 mM TrisCl pH 6.8, 2% SDS, 10% glycerol, 586

mercaptoethanol, 0.01% bromophenol blar)l the samples were boiltat 5 min
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and 30ug of total protein were subjected to 10% SPAGE. After separation by
SDSPAGE, proteins were transferred int@olyvinylidene fluside (PVDF)
membranes using the Transmembrane Turbo Blot (BioRad, Mississauga, Ontario,
Canada). The membranes were blocked for 1 hour at room temperature with
Odyssey blocking solution purchasedm LiCor (Lincoln, NE, USA) followed by
overnight incubatin at 4 C with antiPannexin 3 CI379 antibody with dilution

of 1. 1000 (Penuela et al., 2007, 2009), -Atyosin Heavy chain antibody 1: 1000
(R&D systems,Minneapolis, MN,USA); or anti PCNA PC10 antibody (Dako
Cytomation, Missisaga, ON, Canada). Afte8 washesof 5 minute each with
solution of PBS with 0.05% Tween2the blots were incubated with secondary
antibodies Alexa 680 (Molecular Probes, Eugene, OR) or infrared fluorescent
labeled secondary antibodies (1: 5000), 4& minutes. After several \shes
proteins were detected using the odyssey infrared imaging system (LiCor).
Tubulin and GAPDH (Santa Cruz Biotechnology, CA, USA) were used as protein
loading controls with 1: 5000 dilution. Precision plus Protein Dual Color
Standards, (BiRad Laboratries) were used as molecular weight standards and
were depicted ikiloDaltons(kDa). Lysates frontHuman Embryonic Kidney cells
(HEK293T) expressing Panx3 were used as positive controls. The blots were

guantified using the Odyssey infraradaging systensoftware (LiCor).
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DeglycosylationAssay

Lysates fromHEK 293T cellsoverexpressing Panx3 and Rd and Rh 30
RMS cell lines were subjected to deglycosylation. Briefly, lysatese treated
with or withoutdeglycosylation enzymg20 pl PNGase F Glycerol Feg20 ulO-
Glycosidase, 20 pNeuraminidase, 20 pb 34 Galactosidase and 20 fakN-
acetylglucosaminidasgfor 4 hours at 37C as suggested by the manufacturer
(New England Biolabs, Whitby, ON, Canada). Samples were then boiledg 100
for 5 minutes ad then separated on a 10% SPAGE. After separation by SBS
PAGE, proteins were transferred into PVDF membranes using the Transmembrane
Turbo Blot. Blots were then blocked with odyssey blocking buffer followed by
overnight incubation at°€ in antiPanx3 - 379 antibody, followed by 1 hour
incubation at room temperature with secondary antibodies Alexa 680 in 1:5000
concentration. Precision plus Protein Dual Color StandafBso-Rad
Laboratoriey were used as molecular weight standards and were depicted in

kiloDaltons (kDa).

HSMM Differentiation

HSMM cells grown to 8®0% confluency were grown on collageoated
coverslips in normal growth media. These cells were then induced to differentiate
in differentiation medium composed of W + 2% horse serum fo days.

Cells were fixed with formaldehyde for 20 minutes at room temperature gidday

2, 4 and 6 respectively. Coverslips were then block&¥BSA in PBS solution
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+ 0.1% Triton %100 for an hourlmmunolabeling was performed using anti
MHC antibody(R&D systems) in a dilution of 1:50 for 1 hour followed by 3
washes of 5 min each witABS Cells were then incubated in Alexa Flu438
conjugated secondary antibody (amwuse 1:250 dilution; Molecular Probes,
Eugene, OR) for 45 min at room temperatfoibowed by 3 washesof 5 minute

each with solution of PBS with 0.05% TweenZlhe coverslips were then
counterstained with DAPI Fluoromou@ (Southern Biotech, Birmingham, AL,
USA) to denote the nuclei and then mounted. Pictures were taken using a
fluorescence microscope (20X objective, Olympus IX51 with Olympus DP72

camera, Cellsens Entry software).

Detection of the ~70 kDa Immunoreactive Species of Panx3 by Two Different
Antibodies

Five to sixRMS cell lines were plated in 6 well platé\fter reaclng 85
95% confluency, cells were harvested in 100 pl of lysis buffer (previously
described). Thirty pug of total protein from RMS cell lines as well as from
undifferentiated and differentiated HSMM, were subjected to electrophoresis and
blottedwith antibodies targeting 2 different epitopes of mouse PafP&nx3 CT
379 and Panx3 H169) through overnight incubation af @ at a dilution of
1:1000.Theseantibodies wera generous donation [yr. Dale Laird(University
of Western Ontario)lt was shown in hisaboratory that these antibodies detect
Panx3 by western blot and immunofluorescence, in hibin intracellular
compartments analt theplasma membrang.
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These antibodies were generated from two different epitopes of mouse
Panx3as illustrated in Figure 4. After 3washesf 5 minute each, inadution
of PBS with 0.05% Tween2Qthe blots were incubated withn antirabbit
secondary antibody conjugated to Alexa 680 fluoropKiongtrogen and proteins

were detected using the odyssey infrared imaging system (LiCor).
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Figure 2. Schematic representation of the location of the two distinct epitopes
used to generate Panx 3 antibodies

Schematic representation of the peptide structure of Panx3 modified from Penuela
et al 33344 Putative Nglycosylation (red and onge residues) and
phosphorylation (black residues) sites are shown. The carboxyl termifig@{&)T

and intracellular loop (I1£169) peptide sequence of mouse Panx3 were used to
generate Panx3 specific antibodies are indicated.
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Generation of stable RMS cell line expressing inducible Panx3 shRNAs using

a lentiviral system

Four shRNA targeting Panx3 were obtained from Ther®@dentific
(Waltham MA, United States of Ameriga The pTRIPZ lentiviral inducible
vectoris usedo produce RNAIn cells. The packaging components were separated
into five plasmids consisting opTLA1-PAK, pTLA1l-ENZ, pTLAL-ENV,
pTLA1-TOFF, pTLAJTat/Rev.Using the protocol provided by the manufacturer,
the production of lentiviral particles was achieved aftetransfection of Trans
lentiviral packaging mixture (mixture of 5 plasmids with shRiN#ainst Panx3)
in HEK293l' packaging cells using calam phosphate reagent from Thermo
scientific System. Media contacting virions were collected 64 hours post
transfection.For removing floating cells and producing high titer viral particles,
filtration was performed in which thsupernatant was passed through ailster
0.22- 0.45 um low protein binding filtel0.3 MOI wascalculated according tine
protocol suggested by the company to transduce the lentiviral vector into Rd and
Rh 30 RMS cell lines in a 24 well plate for 48 hours. For the generation of stable
cell lines, a puromycin kill curve was used to determine the minimum amount of
puromycin required to kill noinfected cells. Fothis, 6 x 10 cells/well were
plated in a 24well plate and incubated overnighthe rext day, mediawas
applied to thecells conaining differentconcentrations of puromycin in thiange

of 0-15 pg/ml
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and incubated at 87C overnight. Every -3 days the media was replaced with
freshly prepared selective media and the cells were monit@igédto assesshe
percentag®f dead cellsTwo pg/mL of puromycin was the lowest concentration
that killed 100% of the cells ini2 days from the start of antibiotic selectidimus
puromycinat the concentration d&ug/ml was added in fresh growth media to
select for stably transfected cellsRd and Rh 30 RMS cell lisesdected cells
from 24 well plats werethenprogressively expandeth this way a homogenous
population of stably transfected cells was achieved for both Rd and Rh30 cell
lines. Induction of Turbo RFP expression in transi@aells was achieved by the
addition of doxycycline in the range of ©.2ug/mL to cells 24 hours post
seeding.The pesence offurboRFP expression was examined microscopically 96
hours after doxycycline addition. Tdemonstrate theefficiency of infectia,
representative photomicrographs were takesing afluorescence microscope
(20X objective, Olympus IX51 with Olympus DP72 camera, Cellsens Entry
software). Cells were then harvested and reduction of the ~70 kDa
Immunoreactivespecies of Panx3 was asssbbyWestern blotting and compared

to control shRNA, which consetl of a scrambled shRNA sequence.
Quantification of blots was performed using the Odyssey infranealging system

software (LiCor).
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Reduction of the ~70kDalmmunoreactive Species of Panx3n Rh 30 RMS

Cell Lines by Transient Transfections of ShRNA

Rh 30cells grown to 66/0% confluency were transiently transfected into
Opti-MEM medium (Invitrogen, Burlington, ON) using Lipofectamine2000
(Invitrogen) and 1ug of plasmid DNA fronodir unique29 mer shRNA constructs
against Panx3 in a retrovirakd fluorescent proteinRFP vector (Origene
technologies Rockville, MD, USA). A nonrtargeting shRNAwas used as a
control. Transfection efficiencies were determinedabgessing the percentage of
RFP positive fluorescing cells at days post transfection. Lysates were then
collected and subjected Western blotting, as described previously, usingntk

Panx3 antibody (CB79).

Statistics

Experiments were performed a minimum of 3 times (exact eusnhre
given in the figure legends) and values obtained at each time point were expressed
as mean = standard deviatiorBtatistical significance between groups was
determined usingorway anal ysis of variance (ANO\
t-test of multple comparisons to establish differences between individual groups.

Statistically significant difference was considered to bevalpe” 0.05.Data was

analyzed using Prism 5.0 (Graph Pad Software, San Diegp, CA
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Results

Assessment of the Levels of Paerin3 in RMS Cell Lines and Tumours

Pannexin3 Expression Levels in RMS Cell Lines and Pediatric Tumours Are
Similar to those in Undifferentiated Human Skeletal Muscle E€lls

Our lab has previouslgemonstrated that the ~#Da immunoreactive
species of R&3 is highly expressed in proliferativandifferentiated primary
human skeletal muscle myoblasts (HSMM) and drastically down reguatet)
differentiation3. As RMStumorsare thought to arise from a defect ékketal
muscle differentiatiort®, | wanted to determine wheth#re levels of the ~70 kDa
immunoreactivespecies of Panxare alteredn RMS cell linesand tumours. In
order to determine this, wle lysates from three aRMS (Rh28, Rh30, Rh41) and
three eRMS (Rh18, Rh36, Rd) cell lines dedivikcom pediatric patients were
assessed.ysates from undifferentiated and differergdtHSMM were used for
comparisonAs shownby western blding, the ~70 kDa immunore&éive species
of Panx3, which wasoundto bepresent in undifferentiated skeletal muscle cells
but absent in diffeentiated myoblasts, was highly expressealirsix RMS cell
lines (Figure 3). Hence, the results of this experinseigigest that the expression
of the ~70 kDammunoreactivespecies of Panx3 in eRMS and aRMS cell lines is
upregulated compared to diffeteasted HSMM and issimilar to thatseen in

undifferentiatedproliferative skeletal muscle myoblagisSMM).
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Figure 3. Levels of the ~70kDa immunoreactive species of pannexin 3 are
altered in rhabdomyosarcoma cell lines

Total lysaes fromthree aRMS (Rh28,Rh30, Rh41) and three eRMS (Rh18, Rh36,
Rd) cell lines derived from pediatric patients, as well as from undifferentiated and
differentiated HSMM as controls, wesebjected to electphoresis and blotted for
Panx3. HEK 293T cell$ransfected with Panx3 were used as a positive control.
Levels of the ~70 kDa immunoreactive species of Pamx® up regulateth all

RMS cell lines and were below detectable levels in differentiated HSMM.
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We next wanted to determinghether the levels of this immunoreactive
species would be similarly regulated in RMS tumours samples. In order to
determine this, five eRMS tumour samples wigseed and suleicted to Western
blotting. Adult and fetal human skeletal muscle lysates weee as controlsThe
results of this experiment demonstrated that the levels of the ~70 kDa
iImmunoreactive species of Panx3 were also highly expressed in RMS tumors
compared to adult skeletal muscle cells and veam@lar to that found in fetal
skeletal musle tissue (Figure 4). This immunoreactive species was however
expressedat very low levels in adult skeletal muscle tissue. In conttdst,
classicalspecies ofPanx3, with an expected molecular weight 43 kDa,
was found to be present in adult skeletauscle but was absent or below
detectable levels in fetal skeletal muscle and RMS wmdlaken together,
these results provide evidence that tlegels of Panx3, includingboth the
classical 43 kDa form and the ~7&Daimmunoreactive speciesy RMS umaurs

are similar to proliferative and partially differentiated fetal skeletal muscle sissue
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Figure 4. Pediatric embryonal rhabdomyosarcomas demonstrate expression
of the ~70kDa immunoreactive species of pannexin 3 at ldsesimilar to fetal
skeletal muscle

Lysates from five eRMS tumotissuesderivedfrom pediatric patients as well as
fetal and adult normal skeletal muscle were subjected to electrophoresis and
blotted for Panx3Lysates from HEK293T cellsexpressing®?anx3 were used as
positive control.Expression ofthe ~70 kDa immunoreactive speciesRanx3 in

RMS tumairs wassimilar toundifferentiatedetal skeletal muscle tissue43 kDa
species of Panx3 was found to be present only in adult skeletal muscle.
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Identification and Characterization of the ~70 kDa Immunoreactive Species

of Pannexin3

Recognition of the ~70 kDa Immunoreactive Species of Pannexin3 by Two

Different Antibodies against Pannexin3

The levels of the ~7kDa immunoreactivespecies of PanxBave been
previously shown to bedownregulated during skeletal muscle roplast
differentiation Moreoverits suppressioty shRNAinhibited the proliferation of
undifferentiated myoblasS. We have novfoundthat RMS cell lines and tumour
samples have elevated levels of f@kDa immunoreactive species of Panx3
similar to undifferentiated myoblast&Given thatthe specific identity of this
species remains poorly understood, we neanhted to further characterize and
confirm that it is indeed the same species that we have identified in our prior
studies. In one such study, we have shown that~f&kDa immunoreactive
species of Panx3 waketected by two differerdnttPanx3antibodies recognizing
different epitopes of Panx3 in organotypic epiderfiisTherefore, | wanted to
confirm that the ~70 kDa immunoreactive species detected in RMS cell lines can
also be detected my multiple P@antibodies. To test this, lysates from five RMS
cell line weresubjected telectrophoresis and probed witho antibodies targeted
against two dferent epitopes of mouse Panx3 (Panx3-37D & Panx3 1:169)
(Figure 2).Lysates from undifferentiated ardifferentiated HSMM cells were
used for comparison. The results of my experiment demonstrated that the ~70 kDa

immunoreactive species of Panx3 was detected in all five RMS cell lines as well
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as in undifferentiated HSMM by both antibodies (Figure 5A & B)e 70 kDa
immunoreactive band was again absent in differentiated HSMM. Therefore, these
results suggest that the ~70 kDa immunoreactive species of Panx3 present in RMS

cell lines is similar in this respect to that identified in our prior studies.
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Figure 5. The ~70kDa immunoreactive species of pannexin 3 is recognized by
two different antibodies directed against pannexin 3

Lysates from five RMS cell lines as well as from undifferentiated and
differentiated HSMM weresubjected to electrophoresis and blotted for Panx3
using two dfferent antibodies shown iA (CT-379) andB (IL-169).Lysates from
HEK 293T cells expressing Panx3 were used as positive confiteds~70 kDa
immunoreactive species of Panx3 was detectedl RMS cell lines as well as in
undifferentiated HSMM by bothntiPanx3 antibodies.
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The ~70 kDa Immunoreactive Species of Pannexin3 is dyGoprotein

Studies have shown thaimilar to Panx1l and Panx2he ~43 kDa species of
Panx3 also exhibits Minked glycosylation®¥3%, Panx3 glycosylatiornas been further
shown toplay an importantrole in Panx3cellular localization trafficking, and pnnexin
intermixing33 3%, As glycosylation is a hallmark feature of pannexins, recent studies have
also reported that similar to the ~43 kDa PanxZXigge the ~70 kDa immunoreactive
species also wergoes glycosylatiod’. Thus we next wanted to determine whether the
~70 kDa Panx3 immunoreactive species observed in RMS cell lines is also glycosylated
to further confirm that it is the same species identified in our previous reports as well as
to characterize any potential change in the degree of glycosylation that might occur in the
malignant setting. In order to assess for the presence and degreeos¥/igityon,lysates
from Rd and Rh30 RMS cell lines were treated with and withauimix of
deglycosylatiorenzymes As a positive controlHEK 293T cells transfected with Panx3
weresimilarly treated The results demonstrate that deglycosylation treatnesodted in
a shiftin the electrophoretic mobility of the ~70 kDmmunoreactivespecies of Bnx3 in
both Rd and Rh30 RM&et lines resulting in the presence of a band at ~50 kDa (Figure
6). Theseresults suggeghat similar toknown species of Panx343 kDa) 3334the ~70

kDaimmunoreactivespeciesdentified in RMS cell liness also glycosylated
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Figure 6. The ~70kDaimmunoreactive species of pannexin 3 is glycosylated

Rd and Rh30 RMS cell line lysates were treated with and withauixture of
deglycosylation enzymes and subjected to electrophoresis and blotted for Panx3.
HEK 293T cells transfected with Panx3 weredias positive controls to show the
deglycosylatiorof the known species of Panx3. A shift in electrophoretic motility
(arrow) of the~70 kDa immunoreactive species of Panx3 in both Rd and Rh30
RMS cell lineswvas detected
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Generation of Rhabdomyosarcoma Cell Lines Displaying Reduced Levels of
the ~70 kDa Immunoreactive Species of Pannexin3

Stable Generation of Rd and Rh30 RMS Cell Lines kpressing Pamexin3
shRNA using a Lentivirus Inducible System

A recent report from our group has shown that the ~70 kDa
immunoreactive species of Panx3 plays an important role in reducing skeletal
muscle myoblast proliferation’®. Furthermore, ourprevious results have
demonsrated an upregulation of the levels of the ~70 kDa immunoreactive species
of Panx3 in RMS cell lines and RMS tumours relative to differentiated skeletal
muscle cells and tissue%/e next wanted to assess whether suppression of this
species would reducedgdiferation of RMS cell lines. To test this, a knockdown of
the ~70 kDa immunoreactive species of Panx3 was performed using a TRIPZ
SshRNA doxycyclineinducible lentivirus systemvith an RFP reported to create
stable RMS cell lines. For this purpose, two Mell lines,Rd and Rh30, were
chosen to represent both eRMS and aRMS, respectively. Four unique shRNA
targeting Panx3 were used as well as onegpatific control shRNA. Following
infection and sequential selection, inducible expression of the constast
confirmed following the addition of doxycycline by the presence of RFP positive
fluorescence (Figures 7 & 8). RFP fluorescence demonstrateduhabdnstruct
was expressed in the presence of 2ug/mL of doxycycline in both Rd and Rh30
RMS cell lines. N fluorescence was observed in the absence of doxycycline.
These findings indicate the successfigneration of stableRMS cell lines

expressing our constructs.
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Figure 7. Creation of a stable Rd rhabdmyosarcoma cell line expressm
pannexin 3shRNA

Representative photomicrographs showing Rd cells stably expressing one of four
specific inducible pannexin3 shRNAs or the rspecific control shRNA with an

RFP reporter in the presence and absence of the inducing agent doxycycline.
While no cells were RFP+ive in the absence of doxycycline, the presence of 2
Hg/mL of doxycycline resulted in expression of the construct as imdiday the
RFP+ive fluorescencelhe total number of cells are evident in the visible light
photomicrographBars=50 pm
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Figure 8. Creation of a stable Rh30 rhabdomyosarcoma cell line expressing
pannexin 3 shRNA

Representative photomicrographs showing Rh30 cells stably expressing one of
four specific inducible pannexirshRNAs or the nosspecific control shRNA with

an RFP reporter in the presence and absence of the inducing agent doxycycline.
While no cells were RFP+ive in the absence of doxycycline, the presence of 2
pug/mL of doxycycline resulted in expression of the staunct as indicated by the
RFP+ive fluorescence. The total number of cells are evident in the visible light
photomicrographBars=50 um
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Reduction of the ~70 kDa Immunoreactive $pecies of Panexin3 was not
Achieved Using the BRNA Lentiviral Constructs in Both Rd and Rh30
Rhabdomyosarcoma Cell lines

As we had previously demonstrated the successful creatstaldé Rd and
Rh30 RMS cell lines expressing one of four Panx3 shRNA constructs as well as a
control shRNA construct, &/next wanted to assess whether these shiRike
able to reducéhe ~70 kDa immunoreactivespecies of Panx3n order to achieve
this, the abovetable Rd and Rh30 RMS cell lines were treated w2jlig{mL) and
without (Qug/mL) doxycycline and compared wild type Rd and Rh30 cells. Cell
lysates were thesubjected to electréyoresis and blotted for Panx3. The results
indicated that while the ~70 kDa immunoreactive species was present in both the
wild type and doxycycline absent controls, none of the Pampe®ific ShRNA
were able to reduce the levels of this species in either Rd or Rh 30 RMS cell lines
(Figure 9 & 10 respectively). These results demonstrate that the current sShRNA
knockdown approach was unsuccessful at targeétiag-70kDa immunoreactive

species of Panx3
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Figure 9. Levels of the ~70kDa immunoreactive species of pannexin 3 were
not reduced by any of the shRNA in the Rd rhabdomyosarcoma cell line

Lysates from wild type Rd cells or those stably expressing dokgeyiaducible

pannexin3 shRNA or the control shRNA in the presence or abseregohlL

doxycycline were subjected to electrophoresis and blotting for Panx3.298K
cells transfected with PaBxwere used as a positive contridb reduction of the
~70kDa immunoreactive species of Panx3 was sgeler any condition.
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Figure 10. Levels of the~70kDa immunoreactive species of pannexin 3 were
not reduced by any of the shRNA in the Rh30 rhabdomyoseoma cell line

Lysates from wild type Rh30 cells or those stably expressing doxycycline
inducible pannexin3 shRNA or the control shRNA in the presence or absence of
2ug/mL doxycycline were subjected to electrophoresis and blotting for Panx3.
HEK 293T cels transfected with PaBxwere used as a positive contrdlo
reduction of the ~7&Da immunoreactive species of Panx3 was saafer any
condition.
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Reduction ofthe ~70 kDa Immunoreactive pecies of Panx3vas not ahieved
throughout a Range of Doxycycline Doses in Both Rd and Rh30 RMS Cell
Lines

As the level of the~70kDaimmunoreactive species of Panx3 was not

reduced in the stable RMS cell lines expressing doxycyatitecible shRNAs for
Panx3 at the prior doxycycline dgseve next wanted to assess whether
suppression could be attained at a more optimal concentration of doxycycline. To
test this possibility, a range of doxycycline dosages (0.5 &5ug/mL) were
chosen, based wupon the massessdiasiable Rde 0 s
and Rh30 RMS cell linefor their ability to reduce the ~7&Da immunoreactive
species of Panx3wild type cells as well as those stably expressing the non
specific shRNA were used as control. Cell lysates were again subjected to
electrophoesis and blotted for Panx3. While the ~70 kDa immunoreactive species
of Panx3 was present in wild type and control shRNA conditions, the presence of
Panx3 shRNA at the range of doxycycline doses failed to induce a reduction in its
level (Figure 11 & 12)Furthermore, to exclude the possibility of an insufficient
duration of doxycycline treatment, the stable Rdnd Rh30RMS cells were
exposed to doxycycline foup to aweek as opposed to the initial 4 days of
treatment. Even aftethe prolonged doxycyclineexposure, none of the shRNA
were successful at reducing the levels of the kI8 immunoreactive species of
Panx3 (data not shown).aken together, these results suggest thatctimeent
shRNA knockdown approach was unsuccessful at targeteg ~70 kDa

Immunoreactivespecies of Panx3
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Figure 11. Levels of the ~70 kDa immunoreactive species of pannexin3 were
not reduced by any of the shRNA throughout a range of doxycycline doses in
the Rd rhabdomyosarcoma cell line

Lysates from wildtype Rd cells were compared, by electrophoresis and blotting
for Panx3, with those from Rd cells stably expressing the doxycyicitheible
pannexin3 shRNAs or the control shRNA in the absence or presence of increasing
doses of doxycyclinen the range ©0.5ug 2ug/mL. HEK293T cells transfected

with PanXd were used as a positive contrddo reduction of the ~7kDa
iImmunoreactive species of Panx3 was saaer any condition.
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