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THE THESISEXPLAINED

Cdk9 is a member of cyclin-dependent kinases asceikpressed in
human and murine tissue with high levels in terityna
differentiated cells. The elevated levels of Cdké #s regulatory
subunits in terminally differentiated cells, togethvith the fact that
it is implicated in the regulation of transcriptial elongation via
phosphorylation of CTD of RNA polll, distinguisi@gk9 from the
other cdks.

Cyclin partners of CDK9 are cyclin T1, T2a, T2b akdwith a
formation of a complex, called p-TEF-B. In Helale@bout 80% of
cellular P-TEFb is composed of cyclin T1 and thelio —
dependent kinase 9 (CDK9), and about 20% of cell@BK9 is
complexed to other cyclins, such as cyclin T2a, ar&b with cyclin
K.

It was demonstrated that CdK9 complexed with Cydlags a role
in the activation of myogenic program and Cdk9-Gy&2tivity is
not down-regulated in myotube formation, but itstiveation
contributes to the transcriptional activity MyoDediated during
myogenic program.

The formation of a multimeric complex, containirtk@/cyclin T2a
and MyoD is present in muscle cells during thevation of the
differentiation program and the N-terminal regioh@dk9 directly
interacts with the b-HLH region of MyoD, allowiniget formation of
a complex also containing cyclin T2a.

Recently a 55 kDa protein called CDK9-55 has belemtified. This
isoform presents 117 additional amminoacids ressdae the N-
terminal portion of Cdk9-42 and it conserves alllecalar features
of 42 isoform, indeed it associates with CycT phosgates CTD
of RNA polll.

Cdk9-55 is significantly upregulated in cells inddc to
differentiate, either in C2C12 cells or in satdlisolated cells, and
it was demonstrated that there is a clear inductmincdk9-55
expression in injured skeletal muscles.

Analysis in vivo on limbs at different times of elepment
demostrated a different correlation between two OGLiBoforms:
CDKO9-55 is involved during foetal myogenesis, wasride CDK9-
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42 is expressed during embrional myogenesis. Staodyitro

demonstrated that CDK9-55 is the isoform more esg@éd during
differentiation both embrional and fetal myoblagisnew antibody,
p-CDK®9, permitted us to define CDK9-55 as thewacisoform
during the differentiation. CDK9-55 is also the fimon more
expressed during the re-innervation process.

The analysis of different cyclins that complexhwdifferent
members of kinase proteins showed that in vivo optyin K and
D3 are involved during foetal myogenesis, sugggsttheir

interaction with CDK9-55, whereas Cyclin T1, T2,ahd H are
implicated during primary myogenesis, in concong&nwith
CDK9-42 expression. Study in vitro demonstrated trdy cyclin
T2 is involved during the differentiation procees émbrional and
fetal myoblasts.

Between inhibitory post transcriptional regulatoreamanism of
CDKO there is the interaction with 7SKsnRNA and HEX our

studies, on C2C12 cells, by RIP assay demonstréitati CDK9
isn't associated with 7SKsnRNA/Heximl during odfeiative
phase, supporting that in differentiation CDK9 iige.



1. INTRODUCTION

1.THE SKELETAL MUSCLE

Skeletal muscle is the most abundant tissue in kbdy of
vertebrates. The primary functions of skeletal reisare the
locomotor activity, the breathing and postural hear. Each
muscles composed of bundles of fascicles, continin
multinucleated cells called muscle fibers. Every sole fiber
contains numerous protein filaments, myofibrils, ichh are the
contractile elements of skeletal muscle. Contractégments of
myofibrils, termed sarcomeres, are composed of tymes of
myofilaments. Thin filaments are mainly composed aftin
molecules and thick filaments are made up of myasatecules. It
is the movement of the thick and thin filamentsretation to one
another that produce contraction.

Skeletal muscle is composed of different fiber s/p@th varying
anatomical, molecular, metabolic, structural andnticztile
properties.

Fast contracting fibers have few mitochondria, lowyoglobin
content, high glycolytic and low oxidative metalsoli and are
highly fatigable. Conversely, slow contracting fibehave many
mitochondria, a high content of myoglobin, high dative
metabolism and fatigue slow.

Skeletal muscle is a dynamic tissue capable oforedipg to
physiological stimuli such as intense physical\aisti as well as
various types of damage through a regenerativeorsgpwhich is
able to reform the architecture of the muscle aalls period of two
weeks (Cossu et al., 2008).

The ability of skeletal muscle to mediate a regaties response is
mainly due to population consisting of mononucldatatellite
cells. In response to damage or destruction ofl basana, satellite
cells are activated and show a significant prddifiee activity. The
satellite cells then fuse to form multinucleatedotoypes and some
of them may be to restore the pool of remainingeseent satellite
cells are able to support further process of reggios.



1.2 MURINE MYOGENESIS AND SKELETAL MUSCLE
PROGENITOR CELLS

Embryonic myogenesis is a multistep process thaginbewith

commitment of an embryonic precursors to the myagéneage,

followed by the proliferation of these committed ablasts that
differentiated into postmiotic myocytes and finallysion of

myocytes to form a multinucleated myotube. As thgotube

matures, the syncytial cell becomes specializedit®rmarticular

function, with the bulk of the cytoplasm occupiedthe contractile
apparatus, and where the myotube/myofibre can durgrow or

hypertrophy in response to appropriate stimuli. tirasl

myogenesis is a similar process, except that fusemurs primarily
between myoblasts and preexisting myotubes, andexathe role of
the embryonic precursor is played by the quiessatdilite cell.

In the vertebrate body all the skeletal musclesivderfrom

progenitors present in the somites, which are éstedul as paraxial
mesoderm beside the neural tube and nothocord.sdhmtes are
generated in rostro-caudial direction by segmeortatf paraxial
mesoderm on both sides of the neural tube. EacHyn®smed

somite rapidly differentiates into a ventral scterne and a dorsal
dermomyotome. The sclerotome gives rise to the ramsl

accompanying cartilage, while the dermomyotome rdmuties to

both the hepaxial musculature (back and intercestalscles) and
the hypaxial musculature (body wall and limb musgleThe

hypaxial dermomyotome is specified by signals frdme dorsal
ectoderm (Wnt pathway) and the lateral plate mesod®8mp4),

and produces the hypaxial myotome that forms thabdi

diaphragm and body wall muscles.

Skeletal muscle is formed in different steps, inugd different

myoblasts populations.



Fig.1: From A to C is indicated the formation and thfetientiation of somites.
In D is reported the differentiation process, whtite somite cell differentiated in
myotubes (Lodish et al.,2002).

In mice, somitogenesis begins during the eighth afagmbryonic

day (E8 dpc, days post coitum), with the segmeortadf somites.
After segmentation, somites give rise to epithatiaimomyotome
on the dorsal side and mesenchymal sclerotomeeowethtral side.

The myotome is formed by involution of cells frorerchyotome.
At around E11 in the mouse, embryonic myoblastsadiev the
myotome and fuse into myotubes. During this pheaked primary
or embrional myogenesis, myogenic progenitors, khitave

migrated from the dermomyotome to the limb, startifferentiate
into multinucleated muscle fibers, known as primdigers.

Embryonic myoblasts are elongated cells that diffgate into
mononucletaed or oligonucleated myotubes.

A new phase of myogenesys takes place between Bhd.kE17,5,
this phase is called secondary or fetal myogensis iavolves
fusion of fetal myoblasts either with each othergive rise to
secondary fibers and also with primary fibers. Fetgoblasts are
triangular shape and proliferate to a limited ekt@nresponse to
growth factors, differentiate into large multinuaied myotubes.



It is only at the end of secondary myogenesis thate is a
formation of the satellite cells, that are monoeatéd cells lying
between the basal lamina and the fiber plasma nemebiSatellite
cells are normally quiescent and they are activatgubst natal life
after injury, indeed when the fiber is damagedéheells become
activated, replicate and then differentiate to farew fibers, thus
permitting muscle repair.

Embryonic and fetal myoblasts, thought to genemtmary and
secondary fibers respectively, differ in the morplgy of the
myotubes they generata vitro and in the myosin heavy chains
isoforms and muscle enzyme that they express (Baret al.,
1990; Zappelli et al., 1996). They also differ wittpect to media
requirements (White et al., 1975), integrin-extiatar matrix
interactions, resistance to inhibitors of myogesesich as phobol
esters (Cossu et al., 1988) and PGEausella-De Angelis et al.,
1994).

The innervation of muscle starts while fibers aié $orming. Each
muscle fiber is initially innervated by multiple @xs, all but one of
which are subsequently eliminated.
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Fig. 2: Scheme of lineage of murine development (Bietsai., 2007)



The process of myogenesis is controlled by severgbgenic
transcription factors (MRFs: Myod, Myf5, myogenindaMRF4)
that act as terminal effectors of signaling cassaded produce
appropriate developmental stage-specific transcript

The MRF proteins contain the conserved basic dontla@t is
essential for the binding of specific DNA sequerscel a helix-
loop-helix motif required for heterodimerize. Eamfhthe MRFs has
shown the ability to heterodimerize bothvitro andin vivo with E
proteins and to bind DNA in a sequence- specificnmes to
particular canonical sites know as an E-box (CANNTThis DNA
motif is present in the promoter of many musclecgpmegenes and
is able to mediated the activation of genes in aFMiependent
manner.

Myf 5 and MyoD are myogenic determinator factoratabuting to
myoblasts specification, while myogenin and MRFé aryogenic
differentiation factors contributing to the indwsti of terminal
differentiation.

Recently it was observed that in the mouse embrybd $is the
first MRF to be expressed (E8.0). Myogenin is espeel after
Myf5 (E8.5) and MRF4 at E9.0; MyoD is the last ®dxpressed in
the somite at E10.5 (Francetic et al., 2011).

Myoblast determination protein (MyoD) is believen determine
the differentiation potential of an activated mydi| and acts
together with myogenin and myocyte enhancer fa2tGQviEF2) to
drive differentiation. It is known that Myf5 and M are critical
for myoblasts determination, while myogenin is anscription
factor that plays an essential role during musifferéntiation.
Double mutants for MyoD and Myf5 are not able tonfoskeletal
muscle because the muscle precursor populatidmsend (Rudnicki
et al., 1993). In absence of these factors thes gellithe somite,
which would normally become myoblast, are not ableorrectly
locate in the site of myogenesis and then adogiffarent cell fate.
In addition to activating skeletal muscle-specifiene, MyoD
expression can also lead to cell cycle arrest. ifiingortance of
MyoD as an inhibitor of cell cycle progression calso be seen
during muscle repair. One potential mechanism byckviMyoD
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can arrest cell cycle progression is through trengeriptional
activity on the CIP1 gene, which encodes the cyd#pendent
kinase-inhibitory protein p21.

Obviously these transcription factors do not aohal but a part of
complex signaling cascades that control every stdigeyogenesis
exists.

The expression of MRFs is regulated by Pax3 and Ba&ired box
protein 3 and 7). The paired box (PAX) transcriptfactor family

is encoded by development control genes and tasacterized by
a highly conserved DNA-binding domain (PD). PaxaP

positive muscle progenitor cells are located indeemomyotome;
these cells enter the myotome, the first skeletadale to form, in
the central compartment of the somite, as the deryotome

disaggregates, from embryonic day 10.5 (E10.5) he mouse
embryo.

Pax3 is involved in the development of both epaaiadl hypaxial
muscle and it has a role in the survival of mugmlecursors in
hypaxial dermomyotome. Pax3 contributes also taletg MRF,

indeed Pax3 regulates Myf5 expression indirectlyough the
epaxial enhancer (DMRT2). In C2C12 myoblasts célsx3

directly regulates expression of MyoD.

Pax 7, indeed, is required for maintenance of azhitllite cells.

In the Pax3/Pax7 double mutant mice, which arekitacin both

Pax3 and Pax7, only the primary myotome and itsvaves are
formed, thus compromising all the subsequent stagés
myogenesis. It is therefore proposed that all agfllthe myogenic
lineage should arise from Pax3/Pax7 positive pdmiaMessina
et al., 2009).

Moreover it appears that Pax3 and Pax7 have ggrtiakrlapping

and unique functions in myogenic progenitors. Bibté pair- box
genes are down regulated during myogenic diffeation,

following differentiation of myogenic regulator tacs.

In Pax7-/- mice, adult myogenesis and regeneradi@n severely
compromised whereas is not in fetal myogenesise®as these
results Hutcheson and colleagues suggested thabgddoetal

myogenesis the function of Pax7 is not essentidl i& activity
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could be compensated by other proteins, and thdidate is its
paralogue Pax3.

In summary Pax3 would be essential for embryoniogeyesis and
Pax7 for adult myogenesis, while during the fetgbgenesis both
genes should show redundant functions (Messin&asdu, 2007).

1.3 CDK9 PROTEIN

Cyclin- dependent kinase 9 (CDK?9) is a cdc-2 likerse/threonine
kinase. The cyclin-dependent kinases (CDKSs) take thame from
a catalytic dependence on the cyclin family of ftatpry proteins.
Cdks are involved in cell cycle control and/or region of
transcription. Their activity is coordinated by @gation with
specific type of cyclins: this association formsheterodimer, in
which the cdk function as catalytic domain, wheréas cyclin
function as regulatory subunits. The majority oksdre involved
in the control of cell cycle progression, only f6DK9 and CDK8
the main function is the regulation of transcriptiovia
phosphorylation of RNA polll carboxyl terminal doma

(dk Main cyclin portner Other Interacting factors Cellolar functions

(other cycins are listed between parentheses)
Cdkl Al,A2,B1, B2, [E, B3 Cks (Cdc28dependent kinase subunif] GyM [cel cycle)
Cdk2 Al, A2, E1,E2 D1, D2, B, B3) Gy (cell cycle)
Cdk3 El,E2,A1,A2,C E2F/DP (dimerizotion portner] GyGyS feell cycle]
Cdkd D1,D2, D3 MyoD Gy (cell cycle)
Cdks p35, p39 (D-, E, ond Gype cycling) Senescence, postmitofic neurons
Cdké D1,D2, D3 G5 (cell cycle)
Cdi7 H Cdkadivoting kinase, Iranscription
Cdi8 C (k) RNA pol Tronscription
Cdi9 11,720, T2b, K RNA pol I, MyoD Tronscription
Cdk10 Unknown Eis2 Tronscription, G,M [cell cycle)
Cdkll 1,120 1433, 9G8, CK2, &3, RonBPM, RNPST, RNA pol Transcription, M (cel cycle

Fig. 3: List of CDKs and cyclin partners (Romano et 2008)
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The cellular function of CDK9 has been unknown lubt®97, when
Zue and colleagues identified in Drosophila CDk9 assmall
subunit of the positive transcription and elongatiactor (p-TEFD).
CDK9 was initially named PITALRE.

CDK®9 is distributed in all type of human and muritiesue with
high levels of expression in terminally differeméiaells.

The regulatory units of CDK9 are the T family agsl (T1, T2a
and T2b) and K. In Hela nuclear extracts CDK9 caxret with
cyclin T1 for 80%, and for 10% with cyclin T2. Trehaperone
proteins HSP70, HSP90, and Cdc37 bind transiemidy therefore,
stabilize the monomeric CDK9 preceding the associavith one
of its cyclin partners.

Binding interface

J / between Cdk9 and

cyclin T1

Cyclin T1

Fig. 4: The CDK9/cyclin T1 complex. (Romano, 2013)
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The elevated levels of CDK9 and its regulatory sutsu in

terminally differentiated cells, together with théct that
CDKO9/cyclinT complexes are not cell cycle regulatdistinguish
CDK9 from the other cdks. CDK9, at difference wither cdks
that regulate cell cycle progression and phoshteytastone H1,
fails to phosphorylate H1.

Together with cyclin T, CDK9 forms the positive negription

elongation factor b (P-TEFb), which allows trangtadnal

elongation through phosphorylation of the carbaeyminal

domain (CTD) of the RNA polymerase II.

The CDK9-related pathway regulates a wide rang&um€tions in

mammalian cell biology and replication program afrrerous viral
agents, such as immunodeficienty virus type | (H)Vand HIV2,

human cytomegalovirus, herpes simplex virus 1, huadenovirus.
Moreover, dysfunctions in the CDK9-related pathveag related
with several forms of human tumors and cardiac Hypehy.

In structural studies CDK9 shows a typical kinasid,fcomprising
the N-terminal lobe (residue 16-108), which consisinly of a bet-
sheet with one alpha-helix and a C terminal lolesi@tue 109-230).
The protein contains a phosporylated T loop stmecamino acids
168-97), that is conserved among CDK protein anarobaccess
of ATP and substrate to the enzyme.

In mammalian cells CDK9 is present in two isofori@®k9-42 and
CDK9-55. CDK9-42 is a 42 kDa protein that is ubtqusly

expressed and autophosphorylates itself. CDK9-ffinates from
a promoter upstream of the 42k promoter and pteséd7

additional amino acids in the portion amino terahinwhich is

fused in frame with CDK9-42 sequence. The 13KDaddition to

CDK9-55 contain a region rich in praline and a oegiich in

glycine. The messengers of CDK9-42 are transcrilbech the

promoter rich in G/C but TATA less (Liu and Ri&)00), while

the messengers of CDK9-55 originate from the premodntaining
the TATA sequence and placed approximately 500bgtrem
(Shore et al., 2003).
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B

Fig. 5: A) P55 and P42 indicate the start of transcriptifor the Cdk9-42 and
CDK9-55. B) Representation of CDK9 molecular orgation (Shore et al.,
2005).

In Hela cells, CDK9-55 is present at approximatbdy20% of the
level of CDK9-42.

Both CDK9 isoforms generate heterodimers with eydllL, T2 and
K, and they regulate the transcription via phospladion in the
portion N-terminal of RNA polymerase Il and thein&se activity
is inhibited by 5,6- dichloro- I-b-D-ribofuranosyghzimidazole
(DRB).

Two CDK9 isoforms present a different cellular disttion,
CDK9-42 is localized in nucleus and in cytoplasnheveas CDK9-
55 is essentially localized in cell nucleus. A éiffnt distribution of
two isoforms it was observed in different type ahtan and mouse
tissue: CDK9-42 is predominantly expressed in ¢eahd spleen,
whereas CDK9-55 is expressed in lung, liver andhtirasue.

A differential expression of two CDK9 isoforms is@ observed in
various human and mouse cell culture system. Famgie CDK9-
42 is expressed in human cervical carcinoma Hels emd in
primary  undifferentiated monocytes. @ CDK9-55 become
predominant upon induced differentiation of humanmpry
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monocytes into macrophages. Rat hepatocytes isesgd CDK9-
55, but in primary cell cultures there is an inseaf CDK9-42.
These findings indicate that two CDK9 isoforms egsion is
regulated in a cell type-specific fashion and isignal-dependent
manner.

1.4 ROLE OF CDK9 IN SKELETAL MUSCLE

Biressi and colleagues demonstrated that CDK$so@ation with
cyclin T2a plays an important role during myogemiogram. In the
same study it was also demonstrated that CDK9 engartners
cyclin T2a isn’'t down regulated during the formatiof myotubes,
but rather their activation is required for MyoDtiaation. The
formation of multimeric complex containing CDK9,aty T2a and
MyoD is detectable in cells during differentiatiprogram, and the
portion N-terminal of CDK9 interacts directly witiHLH region of
MyoD, thus allowing the formation of a complex caning also
cyclin T2a. As a result of muscle differentiatiothe complex
CDKO9/cyclin T2 promotes the MyoD dependent trarnsarn and
accelerates the myogenic program.

The main mechanism by which chromatin bound by Cleidin
T2a complex activates the MyoD specific transcoiptis through
the phosphorylation of the RNA polymerase Il CTD gonpmoting
the elongation (Hyacinths et al.,2006).

CDK9 binds directly to MyoDin vitro (Simone et al., 2002), and
takes part in the formation of multimeric complexontaining
MyoD, cyclin T2a, p300, PCAF and Brgl in musclels€Giacinti
et al., 2006). This transcriptional complex bindsthe regulatory
region of muscle specific genes to induce the &ty of lysines
on histones H3 and H4, the chromatin remodeling amel
phosphorylation of specific serine targets forkK®at the level of
RNA polymerase 1l CTD, thus promoting the gene egpion
(Simone and Giordano, 2007).

Giacinti and colleagues analyzed the expressiortwaf CDK9
isoforms during differentiation of C2C12 cells, thare an
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established cell line originate from mouse satelltells. The
reported results demonstrated that the expressweisl of CDK9-
42 displayed similar levels between proliferativel aifferentiative
phase, while the expression of CDK9-55 isoforntsaased during
cells induced to differentiate. In the same studyas also observed
that Cdk9-55 is induced during the regeneratiomygm of damage
fibers.

1.5 THE CYCLINS PARTNERS OF CDK9

Cyclins, a family of protein named for their cyaiexpression and
degradation, play an important role in the celliglon cycle. They
act as a catalytic domain for CDK family proteimtdaraction

between CDKs and cyclins occurs at specific stagfeghe cell

cycle, and their activities are required for thegsession of cell
cycle.

The core form of P-TEFb is a heterodimer betweenGBK9 and

its regulatory subunit cyclin T1 or the minor forM2 or K. These
complexes have been implicated in stimulating eddiog upon

initiation, of otherwise paused transcripts, by gftworylating the
C-terminal domain of RNA polymerase II.

CyclinK Cyclin T1 Cyclin T2a

Fig. 6: Cyclin partners of CDK9: Cyclin K, cyclin T1 an@yclin T2a.
PHE: phenylalanine. (Romano, 2013)
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Cyclin T1 and T2 are expressed widely in human tatikdues with
high levels in muscle, the spleen, thymus, testesries and in
peripheral blood lymphocytes. Cyclin K is expressa adult
mouse and in human tissue, but it most abundardeireloping
germ cells of the adult testes and ovaries.

Between all cyclins partners of CDK9 only the coexl
CDKO9/cyclin T1 can interact with the HIV transciigmal activator,
Tat, to promote HIV replication and only CDK9/cytliT2a can
bind to MyoD to promote myogenic transcription.

The cyclin T2 has two forms T2a and T2b, that defrom splice
variants of the same transcript. These two cydhmare the first 642
amino acids in common, but cyclin T2b containsddigon a large
C terminal domain (CTD).

The domain N-terminal of cyclin T1 contains a cdilil motif, a
His-rich motif and a PEST sequence carboxyl termi@aerminal
PEST sequences are commonly found in G1 cyclinssande to
regulate protein turnover by the cellular ubiquation.

The cyclin homology box, formed by 290 amino acidsthe most
conserved region among different members of thércf@mily and
serves to bind CDK9. The region of cyclin T1 fromiao acids 1-
188 is necessary to interact with CDKovivo.

Peng and colleagues observed that removing th@xgrberminal
domain of cyclin T1 and T2 the ability of CDK9/cytlT to
phosphorylate the CTD of RNA polll and functiontmanscription
was significantly reduced.

The protein T2a shows high level of expression uman adult
skeletal muscle cells and study vitro suggest that CDK9/cyclin
T2a complex might promote myogenic differentiatieiciting the
expression of muscle-specific genes.

The function of CDK9/cyclin K has been less cle@yclin K
interacts with CDK9in vitro andin vivo, and the CDK9/cyclin K
complex can activate transcription only when tetdeto RNA but
not DNA. Cyclin K expression is also activated sanptonally by
the p53 tumor suppressor in response to DNA damiage
adriamycin, ultraviolet (UV) light and ionizing redion.
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In addition to CDK9, cyclin K associates with CDK&agad CDK13:
these heterodimers are both implicated in the cbofrRNA-pol 1I-
mediated transcription.

1.6 7SKsnRNA and HEXIM1: THEIR ROLE IN REGULATING
TRANSCRIPTION

The positive transcription elongation factor b (BFb) plays an
important role in elongation of nascent RNA molesuby RNA
polymerase II.

In Hela cells there are two distinct P-TEFb compkexwvhich differ
in size, composition and activity. A smaller P-TEFEomplex has
kinase activity and is composed of CDK9-42 or CD&®-and a
cyclin partner T1,T2 or K. A large P-TEFb complekXhweduced
kinase activity composed by 7SKsnRNA and HEXIM1addition
to CDK9 and cyclin T1, T2 or K. Independently 7SR&A and
HEXIM1 have limited inhibitory effects in P-TEFb mplex, but
together they inhibits the P-TEFb kinase activijEXIM1 is
composed by two regions, the region comprised lEtwamino
acids 152-155 is involved in binding of 7SK, andexond region,
amino acids 202-205 is involved in interaction WitfTEFb. Hexim
1 was first identified from vascular smooth musmds treated with
hexamethylene bisacetamide (HMBA), a proliferatiohibiting
and differentiation-inducing compound. Treatment HMBA led
to increase in both mRNA and protein levels of HEXI

The N-terminal portion of Heximl was identified ashibitory
domain, a model proposed that upon binding to 78%KEk
Heximl undergoes a conformational change, theeadppsing its
C-terminal domain for binding to CDK9/cyclinT1.

Once binding to Hexim1/7SKsnRNA complexes, the &@activity
of p-TEFb is inhibited. About 50% of P-TEFb is fauto associate
with Hexim1 in cells, suggesting the importanceHaxim1 in the
regulation of P-TEFb.

In cells there is a delicate and dynamic balariddetwo P-TEFb
complexes in cells. The dissociation of P-TEFb fr@®K and
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HEXIM1 is rapid and reversible. Treatment of cellsth UV
irradiation, actinomycin D or DRB results in thesshciation of
large P-TEFb complexes, and when cells are allowedscover
from those treatments, large P-TEFb complexes mefor
Physiological signals leading to cardiac hypertsoglnverge on
activation of P-TEFb, through dissociation of 7Si€sulting in
increased transcription and an increase in sizamfiomyocytes.

78K CyclinT1
AR -
§ ¥
N.ﬁ c N c N
C-mm —
¢ . UV,DRB,
N4 . ActD, RNase
Hexim1
v €

Fig.7: Regulation of Hexim1: the conformational chandéleximl in C terminal
portion and the binding with 7SKsnRNA and CDK9/@y¢l (Dey et al., 2007).

z

It was observed that phosphorylation of the T-l@dpCDK9 has
been implicated in the activation of P-TEFb, andeiguired for the
formation of the 7SK/HEXIM1/P-TEFb complex.

CDK9 acetylation, indeed, did not affect the assioan of P-TEFb
with Hexim1 or 7SKsnRNA.

Recently it was demonstrated that the skeletal lausgeneration,
which is achieved by a formation of new myofibersni the
satellite cell pool, is controlled by the HEXIM1/H=Fb pathway,
that regulates satellite expansion after injury.
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2. AIMSOF THE RESEARCH PROJECT

This research project has analyzed and charadietimemolecular
and cellular mechanisms during development of tkelesal
muscle, in particular investigating the involvemerfitthe protein
serine kinase CDK®9. In the last years, my reseagroup
demonstrated that the CDK9 kinase protein, in aggon with the
cyclin T2a, has an important role during the adiora of the
myogenic program (Giacinti et al.,, 2006). The cosmpl
Cdk9/Cyclin T2a isn't down regulated during myogerbut its
activation contributes to the transcriptional atyivmediated by
MyoD during the differentiation (Simone et al., 20@iacinti et
al., 2006). In myoblasts, induced to differentji@®K9 complexes
with Myod and Cyclin T2a, is recluted on the proarodf specific
muscle genes and promotes the phosphorylation @ GTRNA
polll (Giacinti et al., 2006).

Recently the identification of new CDK9 isoform, €B-55 (Shore
et al., 2003), and its expression in differentuessand cells, led us
to analyze its role during myogenesis. It was destrated that the
expression of CDK9-55 isoform increases during edéhtiation
both in muscle stable lines and in myoblasts ddrivem primary
cultures (Giacinti et al., 2006), allowed us to bpesize the role of
this isoform during myogenic program. The same aese group
analyzed the role of CDK9-55 isoform in damageckrfgband the
obtained data demonstrated that CDK9-55 is hightpressed
during regeneration process, while the CDK9-42asinvolved in
this process (Giacinti et al 2008).

Later on they start to investigate the role of ta@forms of CDK9
during the differentiation process in  myogend®ith in vivo and
in vitro. Preliminary results show that CDK9-42 and CDK9Halve
a different timing expression during developmentetfieen
embryonic and fetal periods) (Background).

The aim of this project is to get inside the speaifiechanisms by
which the two isoforms of cdk9 participate in theusdle
differentiative mechanisms boif vitro andin vivo.
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To this purpose we will further analyze the mechars by which
the two isoforms are activated during myogenesigitay at the co-
expression of cdk9 activators (as different membairscyclin

family) and inhibitors (as 7SKsnRNA and Heximl) cafferent

stages of development. The same study will be pedd on
embrynal and fetal myoblasts vitro.

This innovative study try to discern among multigbessible
combinations of cdk9 isoforms and activators/infoits so that to
individuate the selective combination in correlatwith a specific
function during the different steps of myogenesis.
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3. RESULTS AND DISCUSSIONS

Background

3.1 ANALYSIS OF CDK9-42 AND CDK9-55 EXPRESSION
AND THEIR RELATIONSHIP WITH PAX3/7 AND MRFs
DURING LIMB DEVELOPMENT

Skeletal muscle differentiation is a multistep @®e in which
muscle precursor cells initially express early eldintiation
markers, exit the cell cycle, then express musgésific structural
genes and fuse to form multinucleated myotubes (@sdand
Walsh, 1996).

In precedent works it was demonstrated the impoetaof CDK9
during myogenic program, and it was demonstratatl ttie proteic
levels of CDK9-42 are stable while the expressiénC®K9-55
increases during differentiation both in C2C14s;edn established
cell line originated from mouse satellite cellsatthn myoblast
derived from primary coltures vitro (Giacinti et al., 2008).
Starting from this data the impact of CDK9 on myoggs was
characterized, the two isoform expressions were ugetduring
muscle development. Western blotting analysis aal tproteic
extracts of limbs at different time of developmeftl0,5, E11,5,
E12,5, E14,5, E16,5, E17,5, shows a different esgpom between
two isoforms (Figure 1).
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Figure 8: Western blotting analysis in mouse embryo limbsesi10.5 to E17.5
of the marker of myogenic lineage, Pax3 and Paxrd, some MRFs, MyoD and
Myogenin, and other genes involved in muscle difféation in order to better
characterize the impact of two CDK9 isoforms on rhyggenic program during
limb development.
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Western blotting analysis shows that there is aerge correlation
between two isoforms: CDK9-42 decreases, whe@ak9-55
increases during development. In particular attime E14,5, the
transition stage between the embryonic and fetaleldpment
phases, there is a switch in CDK9-42 and CDK9-5pression,
supporting the hypothesis that the two isoformsehdifferent roles
during myogenesis. CDK9-55 expression comes befer@resence
of terminal markers of muscle differentiation, myosin and its
isoforms.

It has been reported that embryonic MHC and slow Q¥H
isoforms are expressed during early myoblast diffeation,
whereas the fast isoforms (MHClla, MHCIIx, MHCII@re up
regulated later in differentiation. The transitibetween the slow
and fast isoforms coincides with myotube hypertsopthus, the
different expression of MHC isoforms defines a #jpephase and
phenotype during muscle development (Brown efélll).

From the analysis of the proteic extract it waseobsd a maximum
of slow and fast MHC isoform expressions, whicHdakd a bell
trend between the late phase of embryonic develop(&d.2,5) and
the first steps of fetal myogenesis (E16,5), altgiotast MHC was
already expressed at E10,5.

In order to characterize the role of CDK9-55 andk®B12 on the
myogenic program the determinators of myogenic algee are
analyzed, Pax3 and Pax7, and some MRFs, as MyoD and
myogenin. Pax3 is the only one between all factralyzed to
anticipate the expression of CDK9-55, showing aaaillatory
profile which determines the terminal differentoati To allow for
terminal differentiation it is necessary that Pax3lown regulated
in response to a co-expression of the primary MR¥D (Relaix
et al., 2005). Pax7 shows a different expressivealJ¢hat increases
gradually during fetal myogenesis. Pax7 seems toebeired to
allow the secondary myogenesis and its increaseicas with the
satellite cell formation, during the time E16,5-E3.7

Later the CDK9 expression profile was correlatedhwMRFs:
Western blotting analysis for MyoD confirmed artiadi expression
at E11.5, followed by an increase at E12.5 upaadt levels at the
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late stages of limb development (E16.5-E17.5). Wodf attention
was the transient decrease at stage E14,5 dpc, ddusease
coincides with the peak in expression of the mydsavy chains
and with their “bell” progress. The initial express of MyoD is
enough to activate the myogenic program, thenatsndregulation
is necessary for terminal differentiation and tdowl for the
expression of sarcomere filaments (Choi et al.,01.9Burthermore
the expression of MyoD followed a pattern similathat of CDK9-
55, suggesting a correlation between MyoD and CBB9+or
Myogenin, MRF involved in the late differentiatiaf muscle cells
and is activated following the expression of MyobdaMyf5 to
promote the formation of myocites and myotubewas observed a
progressive increase from E12.5, with a performasiogilar to
MyoD, although Myogenin showed a particular inceeas stage
E17.5.

Desmin protein levels were not detected at eayest of limb
development (since E10.5 to E14.5), whereas itsesspn levels
were higher during fetal myogenesis (E16.5-E17T%)e Desmin
maximum at E17.5 coincides with the Pax7 maximucopeding to
the fact that they are two important markers oélsta cells, highly
expressed at this development phase.

The molecular characterization of two CDK9 isoforrdaring
myogenic program, the genic expression, was andlyme qRT-
PCR. Embryonic limbs at E10.5 were used as a clpatnd mRNA
levels were normalized to the housekeeping GAPDi¢ dbtained
results (Fig. 9, B.) showed that CDK9-55 was sigaiitly up-
regulated throughout muscle differentiation, pegkim fetal limbs
(E14.5-E17.5), whereas CDK9-42 displayed a progres$ecrease
in its expression levels during development (FigAP
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Figure 9: A)mRNA levels of CDK9-42 in mouse embryo limbs feambryonic
day (E10.5) to fetal day (E17.5).

* E10,5 limbs (ctr) vs E14,5 limbs P <0,05

* E10,5 limbs (ctr) vs E17,5 limbs P <0,05

B)mRNA levels of CDK9-55 in mouse embryo limhs fembryonic day (E10.5)
to fetal day (E17.5).

* E10,5 limbs (ctr) vs E12 limbs P <0,05

* E10,5 limbs (ctr) vs E17 limbs P<0,05
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4. RESULTS AND DISCUSSIONS

4. 1 ANALYSIS OF THE CDK9 REGULATOR DURING
MUSCLE DEVELOPMENT

4.1.1 CYCLINS T1, T2a AND K EXPRESSION

The different functions of CDK9 on distinct promtedepend on
their ability to associate with different regulat@ubunits.

In adult tissues the members of Cyclins T familg dhe first
regulators of CDK9 kinase activity. The interactioetween Cyclin
T and CDK9 is necessary to control the transcniptid muscle
specific genes. It is known that the complex CDK&Ta

increases the transcriptional activity of MyoD amidomotes
myogenic differentiation (Simone et al., 2002).

Therefore, in mouse embryonic and fetal limbs RN&racts the
expression of canonical CDK9 partners, cyclins T &hd T2a) and
K, are examined.

gRT-PCR results showed that cyclins T1 and T2a vetearly

expressed at E11,5 and at E12,5 stages, suggebktimgmajor
involvement in embryonic myogenesis rather than fetal

myogenesis, although a partial recovery of cyclih @xpression
was obtained at stage E16.5 (Fig. 10).

As for cyclin K, a maximum of its expression wassetved at
E16,5, whereas it was poorly expressed during eombcy
development (from E10,5 to E12,5). Cyclin K wagn#icantly up-

regulated during fetal myogenesis, therefore wepssed its
involvement in this process in association with CGBE5, that is
mainly involved in muscle differentiation.

Conversely, cyclin T1 and T2a were expressed incaaitance
with CDK9-42 expression, suggesting their prefaegrassociation
with this CDK9 isoform.
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Figure 10: mRNA levels of Cyclin T1 (A), T2a (B) and K (C)rinuse embryo
limbs from E10,5 to E17,5. Cyclin T1 and T2a arainly expressed during
embryonic myogenesis, whereas cyclin K is signifigaup-regulated during
fetal myogenesis.

A)** E10,5 limbs (ctr) vs E11,5 limbs P<0,005

** E10,5 limbs (ctr) vs E12,5 limbs P< 0,005

*E10,5 limbs (ctr) vs E14,5 limbs P<0,05

*E10,5 limbs (ctr) vs E16,5 limbs P< 0,05

B)***E10,5 limbs (ctr) vs E12,5 limbs P<0,0005

*** E10,5 limbs (ctr) vs E16,5 limbs P<0,0005

*E10,5 limbs (ctr) vs E17,5 limbs P <0,05

C) **E10,5 limbs (ctr) vs E14,5 limbs P <0,005

gRT-PCR results were confirmed by Western Blotamglysis of
embryonic and fetal limb protein extracts.

For Cyclin T1 a marked expression was observecdy stages of
limb development (E11,5-E12,5), whereas it was detected
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during the late phase (from E14,5 to E17,5) (Fify). It isn’t

possible to analyze the cyclin T2a by Westerntinigtdue to the
absence of a good antibody.

Conversely, cyclin K was clearly expressed from B16onfirming

its main function during secondary myogenesis, Whits

characterized by cell cycle withdrawal and termufifferentiation.

It is well known in literature that the inductiof differentiation in

cultured myoblasts results in up-regulation of asitle inhibitors

such as p21 and pl1l6 ( Guo et al., 1995; Schneidat.,e1994).

Indeed p21 is expressed when the differentiati@tgss is ongoing
and in concomitance with cyclin K, at stage E16tHs &17,5,

supporting the correlation between p21 inductiond aell cycle

arrest of muscle progenitors, thus inducing diffgiggion.
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Figure 11: Western blotting analysis showing cyclins T1,r€lg@21, normalized
with tubuline, in mouse embryo limbs from E11,513,5.

This data obtained with RT-PCR and Western blottamglysis
allowed us to hypothesize an association of cyElimith CDK9-42
and cyclin K with CDK9-55.
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4.1.2 CYCLINS D3, H AND UN VIVO ANALISYS

Cyclin D3 is expressed at very low levels in myskdadue to
GSK33-mediated phosphorylation and consequent degradatio
which is prevented in differentiating cells, whgm®b stabilizes
cyclin D3 by directly binding to it, thus allowingp-regulation of
cyclin D3 during myogenesis (De Santa et al., 2007)

The gRT-PCR analysis showed low expression leviets/din D3

in primary myogenesis (from E10,5 to E 12,5), wheré became
up-regulated during secondary myogenesis (fromEicgtE 17,5),
suggesting its involvement in the induction an@stablishment of
skeletal muscle differentiation, according to stifenreports.

154

104

Relative expression

Cyclin D3

Figure 12. mRNA levels of Cyclin D3 in mouse embryo limbs fil0,5 to
E17,5. Cyclin D3 is up-regulated during fetal lirdbvelopment (from E 14,5 to
E17,5).

* E10,5 limbs (ctr) vs E17,5 limbs P< 0,05

In scientific articles it is reported that cyclin, domplexed with

CDKY7, has a role in transcriptional regulation na¢ed by its
phosphorylation of specific sites on RNA polymerds so we
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investigated the expression of cyclin H during eoral and fetal
myogenesis.

The data obtained by RT-PCR analysis demonstratddhere isn’t
an important difference of expression between twogenesis. It is
possible to observe that the expression levelydfrcH are stable
enough during primary myogenesis, while for seconda
myogenesis it was observed a decrease of expreasitre time
E17,5, when there is cell cycle arrest.

Relative expression

Figure 13: mRNA levels of cyclin H in mouse embryo limbsfi©10,5 to E17,5.
The expression levels of cyclin H are stable fampry myogenesis (from E10,5
to E12,5), while during secondary myogenesis thera decrease at the time
E17,5.

* E10,5 limbs (ctr) vs E14,5 limbs P <0,05

** E10,5 limbs (ctr) vs E16,5 limbs P<0,005

** E10,5 limbs (ctr) vs E17,5 limbs P<0,005

Precedent works demonstrated that CDK-11, a kitteesteas CDK9
regulates the transcription through the phosphtioylaof CTD of
RNA polll, complex with cyclin L, this complex iswolved in
splicing.
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In this experiment the expression of cyclin L wastéd, and we
observed that this cyclin isn't involved in the rolesdevelopment,
indeed it is expressed weakly only at the time E1@uring primary
myogenesis, while during fetal myogenesis it desgearapidly,
above all at time E17,5.

*%

Relative expression

Figure 14: mRNA levels of cyclin L in mouse embryo from E1®FE17,5.
*** E10,5 limbs (ctr) vs E16,5 limbs P<0,0005
**E10,5 limbs (ctr) vs E17,5 limbs P <0,005
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4.2 ISOLATION OF MYOBLASTS AT DIFFERENT TIMEs OF
DEVELOPMENT

Precedent works demonstrated that developmenteokihbryo is
coordinated by sequential and different respongserto external
signals. When embrional and fetal myoblasts arenteth they
present different characteristics. Embrional mystslare elongated
cells that differentiate in multinucleated myotubehile fetal
myoblasts show triangular shapes, proliferate naogkdifferentiate
in multinucleated myotubes (Biressi et al., 2003udies on
primary cultures allow us to discriminate the insic properties of
the population of myoblasts isolated from the dwftthe limb.
These cells were cultured and induced to diffeegatfor 3 and 5
days.

4.2.1 ANALYSIS OF CDK9 ISOFORMS EXPRESSIOMN
VITRO

Data obtainedn vivo demonstrated that two CDK9 isoforms show
an inverse correlation in genic expression leveld s transcript
levels during muscle development. This differentression profile
suggests a different role of two CDK9 isoforms: CI&2 seems to
be involved during the early phase of muscle dguakent, whereas
CDKO9-55 is required in the final phase of musclerfation.
Preliminary study on stable cell line C2C12 demiaistl that
expression levels of CDK9-55 were increased during
differentiation, whereas the CDK9-42 levels wegbkt.

In order to characterize the specific role of twoK® isoforms on
myogenesis and its relationship with the otherdiacinvolved in
muscle formation , mouse embryonic (E12) and fél6) CD1
mice limb primary cultures were set up. Then theregsionn vitro

of CDK9-42 and CDK9-55 were analyzed.
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Figure 15. mRNA levels of CDK9-42 (A) and CDK9-55 (B) in moasdryonic
(E12) and fetal (E16) limb primary cultures. GM eef to proliferating
myoblasts, while 3d to differentiating myoblastardested 3 days after the
induction of differentiation.

A)*E12 GM (ctr) vs E12 3d P<0,005

** E16 GM (ctr) vs E16 3d P <0,005

B) *E12 GM (ctr) vs E12 3d P <0,005

*E16 GM (ctr) vs E16 3d P<0,05
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The RT-PCR analysis demonstrated a significaneeme of CDK9-
55 isoform in cells induced to differentiate bothembrional phase
(E12) then in fetal phase (E16), whereas transtaysls of CDKO9-

42 are stable.

Also the analysis of Western blotting analysis (F& showed an
increase of CDK9-55 during differentiation.
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Figure 16. Analysis of Western blotting analysis on proteitracts of
embrional myoblasts (E12) and fetal myoblasts (E16)

This data supports the hypothesis that there [seaifsic activation
for CDK9-55 isoform during the differentiation pleasf muscle
cell.

Embrional and fetal cultures have, another, a wiffe profile of
differentiation, showing a different expression fpeoduring the
expression time of sarcomeric myosin. It was ob=grthat fetal
myoblasts (isolated at the time E16,5) expressedosgeric
filaments on the third day of differentiation (FILf).

The new antibody, pospho CDK®9, that detects endogetevels of
CDK9 only when phosphorylated at Thr186, permittedverify
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which of the two CDK9 isoform is active during difentiation.
Preliminary data obtained on proteic extract of mBmbic
myoblasts (E12) demonstrate that CDK9-55 is thevaasoform
during differeniation.
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Figure 17: Western blotting analysis on embryonic myoblastd2JEin
proliferation and differentiation phase, using theospho CDK9 antibody, that
permits the active isoform to be verified durinffedentiation.

4.2.2 CYCLINS T1, T2a AND K

In mouse embryonic and fetal limbs RNA were exgdand the
expression of canonical CDK9 partner was analyzed.

For cyclinT1 the results showed a progressive @sereof its
expression levels in differentiating myoblasts (E3® and 5d); a
similar trend was observed also in fetal myobl€Etk7), although
cyclin T1 was slightly up-regulated in 3d differexiing cells,
suggesting its marginal involvement in myogenesis.
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Figure 18: mRNA levels of cyclin T1 in mouse embryonic E12a(l) fetal E17
(B) limb primary cultures. Cyclin T1 expressiondlsvdecrease in differentiating
embryonic and fetal myoblasts, although a slightréase in E17 3d
differentiating cells.

A)*E12 GM (ctr) vs E12 3d P<0,05

*** E12 GM (ctr) vs E12 5d P<0,0005

B)* E17 GM (ctr) vs E17 3d P<0,05

On the other hand, cyclin T2a was progressively ex@ressed in
3d and 5d embryonic myoblasts, and only in 3d fetgbblasts, in
concomitance with the CDK9-55 expression. This sujgp the
hypothesis that cyclin T2& vitro might complex with CDK9-55,
thus promoting myogenic differentiation and musgpecific gene
expression. On the contrary, the fact that cyclih does not
significantly increase in both embryonic and fetalyoblasts
induced to differentiate, may indicate a differemdle from
differentiation.
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Figure 19: mRNA levels of cyclin T2a in mouse embryonic E12f#g) fetal
E17(B) limb primary cultures. Cyclin T2a is progsesly over expressed in 3d
and 5d embryonic myoblasts, and only in 3d fetalbtasts.

A)***E12 GM (ctr) vs E12 3d P <0,0005

***E12 GM (ctr) vs E12 5d P<0,0005

B) * E17 GM (ctr) vs E17 3d P <0,05

Cyclin k was shown to be the regulatory cyclin @K® during the
fetal myogenesis im vivo experiments carried out on developing

limbs.
In vitro this finding does not seem to occur, indeed theege

analysis revealed that cyclin K expression de@gg@sogressively
in both embryonic than fetal myoblasts after 3 d&dlays of
differentiation.
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Figure 20: mRNA levels of cyclin K in mouse embryonic E12af#) fetal E17
(B) limb primary cultures. Cyclin K undergoes a dual decrease of its
expression in embryonic and fetal myoblasts.

A)*E12 GM (ctr) vs E12 3d P< 0,005

*** E12 GM (ctr) vs E12 5d P< 0,0005

B) ** E17 GM (ctr) vs E17 5d P <0,005

Cyclin K, as well Cyclin T1, does not seem to beoined in the
differentiationin vitro, while in vivo cyclin k was expressed during
fetal myogenesis; whereas vitro only for the cyclin T2a it was
observed an increase of expression during therdiftation phase
both for embrional and fetal myoblasts.

4.2.3 CYCLIN D3, H AND L IN EMBRIONAL AND FETAL
MYOBLASTS

The obtained results; vivo showed that cyclin D3 is expressed
during fetal myogenesis, supporting the hypothdsiat it is
involved in the induction of the muscle differetibm. In vitro
cyclin D3 shows a different profile of expressiamjeed our qRT-
PCR analysis showed steady expression level in yonlr
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myoblasts (E12, 3d and 5d), whereas it was downmlaégd in
differentiating fetal myoblasts (E17, 3d and 5dlggesting its
involvement only in embryonic myogenesis.
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Figure 21: mRNA levels of cyclin D3 in mouse embryonic E12 g fetal
E17(B) limb primary cultures. Cyclin D3 shows stgagkpression levels in
embryonic myoblasts, whereas it is down regulatef@tal myoblasts.

A)* E12 GM (ctr) vs E12 5d P <0,05

B)* E17 GM (ctr) vs E17 5d P <0,05

In vivo we analyzed also cyclin H and L, and we didn'tesle
significant profile of expression both in embrionahd fetal
myogenesis. Cyclin L is expressed, at low levelsrind
differentiation of embryonic myoblasts, indeed xpression
increases progressively, while in fetal myoblagts expression
decreases gradually during differentiation.
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Figure 22: mRNA levels of Cyclin L in mouse embryonic E1Raid fetal E17
(B) limb primary cultures.

Ay** E12 GM (ctr) vs E12 3d P <0,0005

*»*E12 GM (ctr) vs E12 5d P <0,0005

B)** E17 GM (ctr) E17 3d P <0,005

For cyclin H we observed a profile of expressiomikr to cyclin
L, also this cyclin increases during differentiatiof embryonic
myoblasts, while during differentiation of fetal objasts it
decreases.
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Figure 23: mRNA levels of cyclin H in mouse embryonic E12a(A) fetal E17
(B) limb primary cultures.

B)*** E17 GM (ctr) vs E17 3d P< 0,0005

***E17 GM (ctr) vs E17 5d P<0,0005

4.3 THE EXPRESSION OF 7SKsnRNA and HEXIM1 DURING
DIFFERENTIATION

In Hela cells there are two distinct P-TEFb compexwvhich differ
in size, composition and activity. The smaller PFbEcomplex has
kinase activity and is composed of CDK9-42 or CDE®-and a
cyclin partner T1,T2 and K. A large P-TEFb compleith reduced
kinase activity was found to contain the small eaclRNA 7SK
and HEXIM1, in addition to P-TEFb subunit. Thereaidelicate
and dynamic balance between the two P-TEFb comgléaxehe
cells. The disassociation of P-TEFb from 7SKsnRNW &leximl1
is reversible.

In order to verify the modulation of CDK9 expressiduring
muscle differentiation of C2C12 cells the RNA
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immunoprecipitation assays were done. In this gssayilar to
chromatin immunoprecipitation (ChlP), cells are atesl with
formaldehyde to generate protein-protein, proteMADand protein-
RNA cross links between molecules. A whole-cellgramt is
prepared in the presence of RNase inhibitors tontaa the
integrity of RNA, and the cross-linked nucleic acimre sheared by
sonication to enable their solubilization. The agtr is then
enzymatically treated to remove DNA and the resgltnaterial is
immunoprecipitated with an antibody against thegiroof interest.
In the first step of this assay we analyzed theresgon of
7SKsnRNA on total extract during a proliferativeaph and a
differentiative phase of C2C12 cells; we observet 7SKsnRNA
is expressed in C2C12 cells only during proliferatiwhile it isn’t
present in cells induced to differentiation.
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Figure 24. mRNA levels of 7SKsnRNA in total extract of C2€dl%s during
proliferative phase and differentiative phase.

*** Input C2C12 Gm (ctr) vs Input C2C12 24h P<0,@0

***|nput C2C12 Gm (ctr) vs Input C2C12 48h P<0,0005

***|nput C2C12 Gm (ctr) vs Input C2C12 5d P<0,0005

On total proteic extracts of C2C12 cells it waslyred also the
HEXIM 1 expression and it was observed that it @nés a peak of
expression after 5 days of differentiation, whdrweré is the
formation of myotubes.
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Figure 25. Western blotting analysis on total extract of C2@&Hs to evaluate
the expression of HEXIM1.

By using RNA immunoprecipitation (RIP) it is podsilto detect
the association of individual proteins with specRNA.

In this experiment we isolated the RNA associatecCPK9 and
then it was observed the expression of 7SKsnRNAa Datained
with RT-PCR demonstrated that 7SKsnRNA is assatiatégh
CDKOJ in the proliferative phase, but its expressiecreases during
differentiation.
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Figure 26. mRNA levels of 7SKsnRNA associated to CDK9 in C21I2
during proliferative and differentiative phase.
** RIP C2C12 GM (ctr) vs RIP C2C12 24h P< 0,005

A different approach of expression for HEXIM1 it p@ssible to
observe when it was immunoprecipitated with CDKréfore it is
associated with CDK9 during the proliferative phase in the
early phase of differentiation, its expression dases during
advanced differentiation.
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Figure 27. Western blotting analysis on extract after immumagitation with
CDKO9 to verify the expression of Hexim1 associatid CDK9.

4.4 THE ROLE OF TWO CDKS9 ISOFORMS IN DENERVATED
MUSCLE

Skeletal muscle is susceptible to injury afteedirtrauma and or
indirect trauma, in order to maintain a functionskeletal

musculature this tissue has a notable ability imate the repair of
the damage muscle. In fact, after muscle injuryca@mplex set of
cellular responses is activated, leading to themeration of a well-
innervated, totally vascularized and contractilesole apparatus
(Charge et al., 2004).

A precedent work demonstrated that the CDK9-55é&s isoform

involved in regeneration of muscle after injuryy studies analyzed
the expression of CDK9 isoforms in muscle aftereaeation, in

order to evaluate the importance of CDK9- 55 in itmeervation

process. In scientific articles is known that in aggnesis the
process of innervation occurs during fetal myogeneshere we
observed an increase of expression of CDK9-55,entiié CDK9-

42 decreases.

In our experiments we analyzed the expression ofisgforms in

denervated muscle: we caused a trauma in sciatve ¢ mice and
then tibial and quadriceps were extracted afwweak and a month
by denervation.

We analyzed the muscle exctracted after denervadioproteic

level, by Western blotting analysis and the obtindata

demonstrated that two isoforms are expressed nmodemervated
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muscle, with a peak of expression in quadricepsr atmonth of
denervation.

1. Th ctr 1 week
1 2 3 4 5 6 7 8

- - W 5 B9 BN < CDKg-55 2. Thden1week
- ) ¢ CDK9-42 3 Thctr 1 month

B e S - H --- Ponceau 4. Th den 1 month
5. Ta ctr 1 week
6. Ta den 1 week
7. Ta ctr 1 month

8. Ta den 1 month

Figure 28. Western blotting analysis in tibial and quadricegfter a week and a
month of denervation, to evaluate CDK9-55 and CBIR%Expression.

By using densitometry analysis we compared the esgion of
CDK9-55 and CDK9-42 and it was observed that CD&Sisbthe
isoform expressed more in denervated muscle batheiriibial and
guadriceps, after a week and a month of denervation
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Figure 29: Densitometry analysis comparing the two CDK9 asof expressions
in proteic exctract in denervated muscle (tibialdaquadriceps), after a month
and a week of denervation. Protein levels of CDR9ahd CDK9-55 were
normalized respect t@-actine, which was used as a control.

After denervation in muscle there is an increastheftranscription
factors, above all there is an increase of myogdhat induces an
increase of transcription of genes as an Ach tecep

In our experiments we found that CDK9-55 is thefasm
expressed more in muscle after a month of denervatnd this
phase is characterized by regeneration and innenvatf the
muscle, we hypothesize that this isoform is invdlve the
innervation process, in concomitance with an ineeeaf expression
of myogenin.
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4.5 DISCUSSION

Skeletal muscle is a highly complex and heterogesetissue
serving a multitude of functions in the organism, particular
movement, postural behaviour and breathing.

The process of generating muscle, myogenesis, eativitled into
several distinct phases. During embryonic myogenésl10,5-
E12,5), mesoderm derived structure generates titefifbers of the
body, and during the subsequent fetal (E14,5-E1ah8)post natal
development, additional fibers form along these ptiate fibers
(Parker et al., 2003). The continued growth ofrthescle is due to a
population of muscle progenitors, which co-exprieaz3 and Pax7
and can enter the myogenic program with the aatimaof the
myogenic regulatory factors Myf5 and MyoD (Relaixa¢, 2003).
In the perinatal phase, muscle progenitors inytighroliferate
extensively but later on decrease as the numbemydnuclei
reaches a steady state and myofibriller proteintr®gis peaks
(Davis and Fiorotto, 2009). Once the muscle hasuredt these
myogenic precursors cells, known as satellite cellaintain the
tissue homeostasis. This type of myogenesis odourssponse to
different types of stimuli, including direct traumfarther growth
demands on genetic defects (Huard et al., 2002 jtasiepends on
the activation and differentiation on satellitele@h new fibers.

The obtained data permitted to conclude that thgression of
CDK9 kinase is induced during differentiation of sule cellin
vitro, in culture of embryonic and fetal myoblasts, andvivo.
Scientific articles reported that CDK9 binds dihgd#lyoD in vitro
(Simone et al., 2002) and takes part in the foromatif multimeric
complex cointaining MyoD, cyclin T2a, p300, PCAFdaBrgl in
muscle cells (Giacinti et al., 2006). This trangtonal complex
binds to the regulatory regions of muscle-spe@iaes to induce
the acetylation of specific lysines on histones &8 H4, the
chromatin remodelling and the phosphorylation aines target-
specific for CDK9 at the levels of the RNA polymseal CTD and
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promotes the gene transcription (Giacinti et Q& Simone et al.,
2007).

The identification of new CDK9 isoform, called CD¥% (Shore et
al., 2003) and its involvement in differentiateslls and tissues, led
us to evaluate the role and the possible impadhisf isoform
during myogenesis.

In additions the results of Giacinti and colleagdemonstrated that
CDKO9-55 expression increases significantly durinfjecentiation
in stable muscle cell line (Giacinti et al., 2008)the same study it
was observed that CDK9-55 is highly expressed dusgeneration
process of damage myofibers.

Subsequently the research group start to charaetethe profile of
expression of CDK9 isoforms during muscle developimdn this
preliminary study the two CDK9 isoforms was anatyzguring
mouse embryogenesis starting at the stage E10,fhapdbserved
that there is a different correlation between t@bDK9 isoforms,
both in protein extracts and at transcript levelaring muscle
development. This studyn vivo demonstrated that CDK9-55
increases progressively during muscular differéiotia while
CDK9-42 isoform decreases gradually. These data baggested a
different role of two isoforms. It is interesting bbserve that at
E14,5 dpc, key point of transition between embrioaad fetal
myogenesis, the CDK9-55 increases while CDK9-42aheses.

In order to characterize the role of CDK9 isoforitnsas also tested
the expression of some genes involved in myogemigram.

The determiners of myogenic lineage, Pax3 and Ppid; an
important role in the formation and in maintenantenuscle tissue
both during its development and after its formatiBath genes are
supposed to be involved in the myogenic cell speatibn and are
known as early markers of the forming dermomyotomeich is
the source of future myoblasts (Goulding et al91)91t is known
that at E11,5 Pax3 positive cells in the somiteastituted the
dermomyotome and delaminating myotome, this datas wa
confirmed also by Western blotting analysis, Pas%3indeed
expressed at the stage E10,5 and E11,5, then it bmuslown
regulated, for a co-expression of MyoD (Relaix ket 2005). This
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phase was present at the stage E11,5 and E12,5 idpc,
concomitance we observed an increase of CDK9-5%onso
Moreover, the presence of satellite cells in the Fetal phase of
muscle development is confirmed by high levelsmfie16,5 dpc to
E17,5 dpc, of both desmin, known marker of actatellite cells,
and Pax7.

The obtained data are in agreement with what iswknon the
scientific reports, indeed precedent works dematedr that an
expression profile Pax3+/Pax7- is characteristic emhbryonic
myoblasts, while a profile Pax3-/Pax7+ is charastier of fetal
myoblasts (Biressi et al., 2007).

Muscle regulatory factors play a critical role inyogenesis, and
their expression is tightly regulated, accordingirttphysiological
functions. In this work we analyzed the expressbrMyoD and
Myogenin during muscle differentiation. In scierifarticles is
reported that MyoD is a marker of determined mysislawhereas
myogenin-positive cells were judged as myoblastt #re more
advanced in their differentiation. The results, ciding to the
literature, have highlighted that the two proteme @&xpressed at
different stages of muscle development, being Myeapressed
during embryonic and Myogenin during foetal myogss.

The data obtained demonstrated that the more éiffetion in
muscle development is present between the stage5Bhd E17,5,
this phase is characterized by an increase of narsmass. This
period coincides with the increase of CDK9-55 isofaexpression,
whereas the CDK9-42 expression decreases.

By the Western blotting analysis we observed that myosins
expression started at the stage E14,5, time ottkvat embrional
and foetal myogenesis, but for the isoform fastnofosin we
observed that was expressed at the time E10,5.dHt#s permitted
to suppose that the process, present at the staQg,Eor the
presence of the isoform fast of myosin, is the Itestuprecendent
inductive mechanisms present in somites.

It is known that activation of MyoD is in turn deypk on the
CDKO9/cyclin T2a complex, which plays a critical eolin the
activation of myogenic program (Giacinti et al.,08). CDK9 has
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been reported to participate to the differentiappoogram of several
cell type, as monocytes, B and T-lymphocytes, nyamdmplexed
to cyclin T1, suggesting that the CDK9/cyclin Tlngadex may be
specifically required for the differentiation prese of T
lymphocytes.

In muscle differentiation, CDK9 binds to cyclin T2a&hich is not
down-regulated during myotube formation; ratherirthectivity
contributes to the activation of MyoD (Simone et, &002). In
particular, the N-terminal region of CDK9 directhteracts with the
bHLH region of MyoD, allowing the formation of mutteric
complex also containing cyclin T2a (Giacinti et @006; Simone et
al., 2002). It is detectable in muscle cells dgrihe activation of
differentiation program, when it can provide a fiimgal link
between MyoD and the basal transcription machinaryfact, it
binds to the chromatin of muscle specific gene laguy regions,
including the acetylation of histones H3 and H4cHpe lysines,
chromatin remodelling, stimulation of transcripticglongation
through the ability of CDK9 to phosphorylate targetines at the
RNApolll CTD, and finally muscle-specific gene egpsion
(Simone et al., 2006; Giacinti et al., 2006; Sim@nd Giordano
2007).

The kinase activity of CDK9 is tightly regulatedssaciation with a
cyclin partner and phosphorlation of the T-loop nieeded for
activation of CDKO.

Roughly 80% of the CDK9 is complexed with cyclinTI0% with
cyclin T2a and 10% with cyclin K: each of the cwclproteins
complexed with CDK9, form an active P-TEFb moleculdis
molecule is able to phosphorylate the carboxyl-teandomain of
RNA polymerase 1l (RNA polll).

Recent study show that CDK9/cyclin T complex mayréeruited
to specific promoters by cellular transcriptionttas that bind to
the promoter sequences of genes regulated at thel lef
transcriptional elongation (Simone and Giordano]l30Q has been
shown also that CDK9/ cyclin T is a very stable pter, with a
half-life of about 36h, while free CDK9 appears lie degraded
rapidly, with a half-life of about 6h (Majello amdapolitano, 2001).

55



According to scientific articles, cyclins T1, T2adaK bind to
CDK9, prompting us to investigate their involvemedtrring
myogenesis.

In vivo results have shown a different expression of tHeBb&9
cyclin partners along the two phases of myogenésieed cyclin
T1 and cyclin T2 are expressed during primary myeges, while
cyclin K is expressed during fetal myogenesis. ié¢e abserved a
further correlation between two CDK9 isoforms andlios: cyclin
Tl and T2 are probably associated with CDK9-4iijevcyclin K
is associated with CDK9-55, that is expressed pally during
fetal myogenesis.

We observed also that the expression of cyclinikaides with the
increase of expression of p21, an inhibitor of daHl cycle, that
determines cellular arrest in concomitance with tbalular
differentiative program. In a recent study it wasmgnstrated that
CDK9 coordinates the transcription of p21, in dodleation with
BRG1 (a factor of remodelling of cromatine) and ISBAGiraud et
al., 2004). It is known that Cyclin K is a target b3 and it is
activated in response to a signal of cellular &rm@sin response to
stress p53-mediated. The cyclin K complexed withrK83eems to
be the specific P-TEFb activated for the transmmptof genes
induced by p53, as p21. It was also demonstratat wihile the
complex CDK9/Cyclin T1 induces the replication of\HL, the
complex CDK9-Cyclin K stops the replication of HIM-because
cyclin K doesn’t bind to TAT sequence (Fu et a@99).

In precedent work it was demonstrated that CDKOSetiogr to
MyoD is on the promoter of p21 gene in C2C12 celduced to
differentiate.

We can suppose that cyclin K is the specific retgujan vivo, of
the CDK9-55 kinase and the complex CDK9-55/cyclimegulates
pathways of arrest and cellular differentiationattrare present
during fetal development phase, that is charaadrizy synthesis
process and muscular growth.

Being involved in the transition between cell pieration and
growth arrest in the myogenic program (Gurung aach&k, 2012),
we have examined th&n vivo expression of cyclin D3 during
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muscle differentiation. Our results have displaygh expression
levels of cyclin D3 throughout fetal myogenesis,concomitance
with the expression of p21 gene, arguing for a roleéerminally
differentiated myotubes.

The fact that the different cyclin genes (cyclin, TR, K, D3) can
function as CDK9 regulatory subunits suggest thBtK€ might
associate with functionally different complexes atidereby
participate in different cellular process.

In order to discriminate the properties of isolategoblasts during
limbs developmenn vitro experiments were conduced.

In vitro we observed that the expression of CDK9-55 isoform
increases during differentiation both embrional &tdl myoblasts,
while for CDK9-42 isoform it possible to observatlits levels are
stable during proliferative and differentiative pba begins to
decrease with the progress of differentiation paiogr

These data permit us to conclude that the expmseiotwo
isoforms of CDK9 is present in embrional and fetgloblasts, and
their timing of expression defines their likely eol CDK9-42
isoform prevails during proliferative phase andfduring the
myogenic determination, while the CDK9-55 isoforasha specific
role during differentiation.

On embrional and foetal myoblasts the expressionditierent
cyclins was analyzed, obtained results demonsttatgcnly cyclin
T2 is expressed during differentiation of embrioreald fetal
myoblasts.

Data reported in scientific reports demonstrated tdyclin T2 and
N-terminal region of CDK®9, interacting with bHLH o@in of
MyoD, allow the formation of a complex ale to stiame the
transcription of specific genes (Simone et al.,, 200in this
complex, cyclin T2 interacts physically with MyoDhat is
phosphorylated by CDKO9.

Liu and Hermann demonstrated that, in Hela cellss wresent in
immunoprecipitate containing both CDK9-42 and CDER-
although the levels of associated cyclinT1 was iiggntly lower
in the 55k complexes. In our experiments we obskthat cyclin
T1 is expressed during proliferative phase in eon@i and fetal
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myoblasts suggesting its interaction with CDK9-42e isoform
more expressed in this phase.

Cyclin T1 and cyclin T2 differ for the carboxy teimal domains
and Peng et al. (1998) have found that removahisfregion of the
cyclin T2 significantly reduced the ability of ti@DK9/cyclin T2 to
phosphorylate the CTD of RNA polll and functiontranscription.
The different carboxy terminal domains of two cgsli could
explain the different expression level of theseliogcin these
experiments.

We analyzed also the cyclin H expression haotkivo andin vitro
experiments: cyclin H complexed with CDK7 appeabé¢oinvolved
in transcription regulation, rather than cell cyclentrol and they
are commonly found in zebrafish embryo cells. lbraéish it was
observed that cyclin H is present in ovary, raisihg possibility
that cyclin H mRNA might be maternally inheritechelimportance
of cyclin H during embryogenesis is supported by fict that the
injection of cyclin H®Y mRNA into embryos disturbed normal cell
cycle or transcription, inducing apoptosis. Thens@iption of
cyclin H in rat neurons was increased primarilyeafischemia,
suggesting additional roles for cyclin H in neuroother than cell
cycle regulation and DNA repair (Liu et al., 2007).

In our experiments the levels of cyclin H expressere stable
during embrional and foetal myogenesis \{ivo analysis), whilen
vitro it is expressed at low levels only during diffarative phase
of embrional myoblasts.

A similar profile of expression it was observed foyclin L, that
complexed with CDK-11 is involved in splicing prese

The different expression pattern of these cyclirtngs betweem
vitro andin vivo analysis maybe due to the lackjnrvitro system,
of stimuli such as innervation and circulating rhones,
determining homeostasis in the organism. Thus, héurt
investigations about external factors influencingit expression are
required.

In scientific articles is reported that CDK9 is imated by
interaction with some members of cyclins family, by
autophosphorylation in different residues of thieenand serine,
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T186, S347, S362, S363, and acetylation of histoftbe
acetylation of CDK9 enhances its ability phophaglthe CTD of
polll and promotes transcription elongation), whilenactivated by
autophosphorylation in T29 and by interaction witBKsnRNA
and HEXIML1.

In this work we started to study an inhibitory tsariptional factor,
the interaction between 7SKsnRNA and HEXIM1 with KD

In the cells p-TEFb exists in two forms, an activen composed
by CDK9 and its cyclin partner and an inactive focomposed by
7SKsnRNA and Heximl complexed with CDK9/cyclin. EFD is
uniquely regulated by the reversible associatioth WiSKsnRNA
and Hexim proteins. The relative partitioning imictive an inactive
complexes is a highly dynamic process that is ekndrthe global
regulation of cells growth and differentiation (Zhet al., 2006).

It is known that 7SKsnRNA is stable when it is didated by
Heximl, while when it binds to Heximl promotes a jona
conformational change allowing the C-terminal damsaof the
proteins to interact with N-terminal domains of layd .

In the first step of this analysis we studied theression of
7SKsnRNA on total extract of C2C12, and we obserteat
7SKsnRNA is expressed in C2C12 cells during pradtige phase,
while it isn’t expressed during differentiation.rRdexim1, indeed,
we observed that is expressed in C2C12 at the 35ty af
differentiation, when there is the presence of samgetubes.

The study on 7SKsnRNA complexed with CDK9 demonetrdhat
7SK is present during proliferative phase, so aXINHA, that it is
present during proliferative phase and in the eaghase of
differentiation of C2C12 demonstrating that in selhduced to
differentiate CDK9 it isn’t associated with 7SKsnRIMEXIM1.
The fact that Hexim1 it is associated with CdkSinigiproliferative
phase and in the early differentiative phase (2&hld significant
that HEXIM1 mediate the regulation of P-TEFb adyivin the
transition of C2C12 cells from growth to differeatton.

Galatioto and colleagues demonstrated that by nedwexpression
of HEXIM1 in C2C12 cells there is an arrest in ti@nsition of
skeletal myoblast to myotubes, implying that Hexierld possibly
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its association with components of P-TEFb are albdigy to the
transition. In the same study it was observed thigoD is

associated with Heximl in the early phase of difféiation,

suggesting that heximl is recruited by MyoD to boffan

environment optimal for repression of proliferatigenes and
allowing the transition of myoblasts to myotubeGalatioto et al.,
2010).

In order to verify the role of two CDK9 isoforms fine innervation
process sciatic nerve transaction was performee. ftithalis and
guadriceps, muscle innervated by sciatic nervegwetlected and
used for analysis.

During development of muscle neurons grow out towathe
muscle fibers, which play an attractant role in raxguidance and
the establishment of innervation. This includes hb@&ensory
innervation through the intrafusal fiber of musejgndles, which
retain a more embryonic contractile protein phepetgven in the
adult and motor innervation of muscle fibers whichives

contraction. The establishment of definitive neuusoular
junctions and excitation- contraction coupling ssa@ciated with
secondary or fetal myogenesis.

The innervation of the muscles in development kesegimortly after
the fibers begin to form. On the newly- formed nedibers can be
observed widespread expression of the acetylchoteeeptor
(AchR) between developmental stages E12 and E14 dpc
organization of AchR clusters to guide the ramifmas of the
motor nerves to the future synaptic sites (Witzema&006). During
the following days of development are witnessingsemjuential
elimination of multiple axons, with the exceptioh ane, which
innervate a single muscle fiber (Biressi et alQ0?). During this
time there is the maturation of neuromuscular jianst that ends
around the stadium E17 dpc, the AchRs are progedgsiocused
on the post- synaptic membrane and stabilize theoneuscular
junction ( Witzemann, 2006)

Innervation is critical for growth and maintenarafenuscle fibers,
and denervation is well known to cause muscle airop loss of
trophic support to the muscle following denervationabsence of
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neural activity muscle mass decreases, along witedaction in
specific force, fiber diameter and fibers number.

In our experiments we analyzed the expression a @DK9
isoforms after a week and a month by denervatiod,vée observed
that in regeneration process there is an increds€RK9-55
expression, compared to CDK9-42, suggesting iteli@ment in
the innervation process. After the denervatiorhmmuscle there is
an increase of transcriptional factors expressioth an increase of
myogenin. The myogenin increase gradually after tays from
denervation, stimulating the transcription and theression of
some genes, as Ach receptor.

Becausean vivo analysis on limbs at different time of development
it was observed that at the time E14,5, point oitdwbetween
embrional and fetal myogenesis, there is an invewseelation of
two CDK9 isoforms. In the specific CDK9-42 starts decrease,
while CDK9-55 increases gradually, in this phassrdhs, also, the
innervation of the muscle and the passage betwiesn and fast
fibers. Those preliminary data, together to the faat CDK9-55 is
the isoform more expressed in muscle after a moyttienervation,
permit us to speculate that the CDK9-55 isoforrmilved in the
recovery phase of muscle and in the new innervationess.

Those data permit us to conclude that the expnessitwo CDK9
expression is associated at a specific cellulamptype and is
correlated at a specific function.

The expression of CDK9-42 and CDK9-55 is associateth
embrional and foetal myoblagtsvitro, and their expression profile
defines the specific role. CDK9-42 is correlatedhwproliferative
phase and/or in the first step of myogenic deteation, whereas
CDKO9-55 has a predominant role during differentiatprocess.
Also in vivo CDK9-55 is expressed during the differentiatiorthad
muscle, at the end of embrional phase and at the ot foetal
phase. In this period the muscle is characterizgdam intense
growth, by the innervation and by all processes ffemit the
formation of the arts.

During embrional myogenesis there is a prevalerfc€K9-42
expression, during this phase there is expansidndatermination
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of muscular phenotype. The difference of expresstoning of two
isoforms, in embrional and in fetal myoblasts, @doly is the
consequence of extra-cellular signals, that chadgeng the
development of the muscle. Another the combinatimiween
CDK9 and specific regulators, as the cyclinsedaine a different
function of the CDK9 isoforms during the differephase of
myogenic development.
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5. MATERIALSAND METHODS

5.1 EMBRYO COLLECTION

CD1 mice, obtained from the department of Histolagg Medical
Embryology of “Sapienza” University of Rome, werged for the
following experiments. They were docile albino mieasy to work
with, and with a rapid growth and a high reproductiate.

To obtain staged embryos, pairs were set up asah@ful) matings
and females checked every morning for vaginal coit®n the day
of coitum detection, embryos were counted as EQYS 12h post-
fertilization). Once vaginal coitum was detectedales were
removed from the cage to ensure accuracy of emhrygiaging.
When the desired embryonic stage was reached (BR1E1Y),
mothers were sacrificed by cervical dislocatiore #bdomen was
shaved, the skin and surrounding areas were swabiitbd70%
alcohol and the uterus was removed via horizontadominal
incision performed using sterile dissecting instemts. The uterus
was then washed in prewarmed (37°C) PBS supplehenitn
Ca2+/Mg2+ (Dulbecco’s Phosphate Buffered SalinehwitaCl2
and MgCI2; Sigma-Aldrich, St. Louis, MO, USA) bedobeing
placed into a small Petri dish containing PBS w@h2+/Mg2+
prior to dissection. E11 to E17 embryos were digseérom the
uterus using a dissecting microscope and placedidully into
Petri dishes containing PBS with Ca2+/Mg2+ ready ke
microdissected.

5.2 EMBRYO AND FETAL LIMBS PREPARATION FORN
VIVOANALYSIS

Individual embryos were further dissected to isolatkeletal
muscles. The embryo head was then removed viacsian along
the length of the neck. Then, hind and forelimbsendissected out.
The limb muscle dissection was quicker for E10.2-B1mouse
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embryos, although embryo limbs were small in sizé they had to
be removed carefully, making an incision on thekkatcthe level of
the limb attachment points and then taking themwvath insulin
needles. It was instead more difficult for embryosfetal phase
(E14.5-E17.5), where limb muscles had been alreadyed by the
epidermis and connective tissue, and cartilage/duet already
developed. For this reason, in older embryos (EEAB.5) it was
necessary to remove cartilage/bone and peel offdérenis prior
limb muscle dissection.

Once dissected out, embryo or fetal limb musclesevpéaced into
an eppendorf containing prewarmed (37°C) PBS supphted
with Ca2+/Mg2+ and centrifuged at 1200 rpm for 7nmirhe
supernatant was removed and the pellet was washpoewarmed
(37°C) CMF-PBS (Dulbecco’s Calcium and Magnesiuneerr
Phosphate Buffered Saline; Sigma-Aldrich) to remsak residues
due to PBS washing, followed by centrifugation 20Q rpm for 7
min. The supernatant was removed and the pellesulamitted to a
second CMF-PBS washing. Eventually, CMF-PBS wasadded
and the pellet was immediately stored at -80°C wbnstted to
RNA/proteins extraction.

5.3 PREPARATION OF EMBRYONIC LIMB (E11, E12)
PRIMARY CULTURES

Skeletal muscle cells obtained by the above desttiiipocedure can
be used to set up embryonic limb primary cultuiidse mentioned
procedure was performed under sterile conditiorsngu sterile
materials and reagents and working in class llic@rtaminar flow
biological cabinet.

The pellet was resuspended four times with diffe@mounts of
medium [Dulbecco’'s Modified Eagle Medium (DMEM; Big-
Aldrich), 10% Fetal Bovine Serum (FBS; Sigma-Altic2% L-
Glutamine (L-Glut; Sigma-Aldrich), 5ml/l PenicilliStreptomycin
(P/S; Sigma-Aldrich)], then left to settle in threubator at 37°C for
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5 min and each time the surnatant containing cedls collected
into a falcon.

Cells were counted using the Burker chamber angspended in an
adequate medium volume considering 300.000 celg/20At this

point, the bubble method was applied. Only 200 medium

containing 300.000 cells were cultured in the meddf a 60 mm
plate pre-coated with collagen. Cells were lefinicubate at 37°C
for 3 hours. At the end, the remaining medium (1§ was

gradually added with a 10Q0 pipette.

24h post plating, cells were washed with CMF-PBQm8&

proliferating cells were stopped, whereas othelsagkre allowed
to differentiate in the same cell-medium reportdabwve, and
stopped at the pre-established time (3 or 5 days ptating)

removing the medium, washing cells with CMF-PBS cviand
detaching them with a scraper. Cells were thenectd in a
microcentrifuge tube and centrifuged at 1200 rpm1® min. The
supernatant was removed, whereas the pellet weedsab -80°C or
submitted to RNA/proteins extraction.

5.4 PREPARATION OF FETAL LIMB (E16, E17) PRIMARY
CULTURES

Skeletal muscle cells obtained with the procedwscdbed above
can be used to set up fetal limb primary cultures.

The pellet was placed on a 100 mm plate cover @tndated until a
homogeneous slurry was obtained (Mechanical Digeptilt was

transferred into a 15 ml falcon and 0.05% trypsitCMF-PBS was
added up to a 10 ml final volume. The falcon waacetl under
shaking in a thermostatic bath at 37°C for 45 niims¢ Enzymatic

Digestion). At the end, suspended muscle cells \&ft¢o settle at
room temperature (occasionally a centrifugatiop stas required).
The supernatant was filtered through au® filter and transferred
into a 50 ml falcon containing 5 ml horse serum ;(FEgma-

Aldrich) necessary to supply cells with nutrients, reduce cell
stress and to inactivate trypsin. 0.05% trypsinCiMF-PBS was
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added to the sediment up to a 10 ml final volunte $ediment was
resuspended and placed under shaking at 37°C fanii@Second
Enzymatic Digestion), and then to settle at roomperature for
other 10 min. The supernatant was filtered andsteared into the
same previous falcon. This procedure was repeteadrfe more
time (Third Enzymatic Digestion).

The supernatant resulting from the three enzyndigestions was
centrifuged at 1200 rpm for 12 min. The supernatzsd removed
and the pellet was resuspended in 3 ml medium [Euad's
Modified Eagle Medium (DMEM; Sigma-Aldrich), 2% L-
Glutamine (L-Glut; Sigma-Aldrich), 10% Horse Seru@igma-
Aldrich), 3% Chick Embryo Extract (produced in-hedis which
were cultured in a 60 mm plate and left to inculat&7°C for 3
min. This pre-plating step was necessary to remuwe-muscle
cells, such as blood cells. At the end, the meduglume was
recovered and cell-counting was performed using Bwker
chamber. Cells were resuspended in an adequatesmeadilume
considering 300.000 cells/2Q0. At this point, the bubble method
was applied. Only 20@/ medium containing 300.000 cells were
cultured in the middle of a 60 mm plate pre-coatgith collagen,
and they were left to incubate at 37°C for 3 hoétsthe end, the
remaining medium (2.8 ml) was gradually added vatii000ul
pipette.

24h post plating, cells were washed with CMF-PBQm8&
proliferating cells were stopped, whereas othelsagkre allowed
to differentiate in the same cell-medium reportdabve, and
stopped at the pre-established time (3 or 5 days pating)
removing the medium, washing cells with CMF-PBS ceviand
detaching them with a scraper. Cells were thenectd in a
microcentrifuge tube and centrifuged at 1200 rpm1f® min. The
surnatant was removed, whereas the pellet wasdstire80°C or
submitted to RNA/proteins extraction.
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5.5 TOTAL RNA EXTRACTION FROM MOUSE EMBRYONIC
AND FETAL LIMB MUSCLE TISSUES

The RNeasy Fibrous Tissue Mini Kit (Qiagen, ValencA, USA)
was used for total RNA extraction from mouse embiy@and fetal
limb muscle tissues (30-50 mg) at different stagfedevelopment.
RNeasy Fibrous Tissue Mini Kit is designed for oyl lysis of
fibre-rich tissues (such as skeletal muscle) andipation of high-
quality total RNA, which can be difficult due toettabundance of
contractile proteins, connective tissues and cetlagvhich can be
removed thanks to proteinase K supplied by the RiNdabrous
Tissue Mini Kit.

Limb muscle tissues were lysed and homogenized@uBBuffer
RTL containingB-Mercaptoethanol (1@l B-ME per 1 ml Buffer
RTL). Lysates were carefully pipetted into new roaantrifuge
tubes and diluted with 590 RNase-free water. 10l proteinase K
solution were added to lysates, mixed throughlypipetting and
incubated at 55°C for 10 min. Then, lysates wenatrifaged at
10.000 x g for 3 min at 20-25°C. The surnatant wasefully
removed and pipetted into a new 1.5/2 ml microctergfe tube. 450
ul of 96-100% ethanol were added to cleared lysatelsmixed well
by pipetting. Samples were transferred onto the &MeMini spin
column (where RNA bound to the silica membranegegdiain a 2
ml collection tube, and centrifuged at 8.000 x g I6 sec at 20-
25°C. The flow-through was discarded.

350 ul Buffer RW1 were added to the RNeasy spin columd a
centrifuged at 8.000 x g for 15 sec at 20-25°C tashv the
membrane. The flow-through was discarded.

10 ul DNase | stock solution were added to {OBuffer RDD,
mixed by gently inverting the tube (DNase | is espy sensitive
to physical denaturation), and spinned to collestdual liquid from
the sides of the tube. The DNase | incubation ®u() was added
directly to the RNeasy spin column membrane, affidate room
temperature for 15 min.
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350 ul Buffer RW1 were added to the RNeasy spin columd a
centrifuged at 8.000 x g for 15 sec at 20-25°C. Wae-through
was discarded.

500 ul Buffer RPE were pipetted onto the RNeasy spim@ol and
centrifuged at 8.000 x g for 15 sec at 20-25°C tashv the
membrane. The flow-through was discarded. Other |dOBuffer
RPE were added onto the RNeasy spin column andifogeid at
8.000 x g for 2 min at 20-25°C to wash and to ¢y RNeasy spin
column membrane, ensuring that no ethanol wasechover during
RNA elution. Residual ethanol might interfere widlownstream
reactions; for this reason, following centrifugatiothe RNeasy
Mini spin column was removed from the collectiobeicarefully in
order not to get in contact with the flow-through.

The RNeasy Mini spin column was transferred intoesv 1.5 ml
collection tube. 30-5@ RNase-free water were directly added to
the RNeasy Mini spin column membrane and centrdugie8.000 x
g for 1 min at 20-25°C to elute the RNA.

Eventually, extracted total RNA was stored at -80t@nalyzed by
ND-1000 Spectrophotometer (Bio-Rad Laboratoriegchles, CA,
USA), a full-spectrum (220-750nm) spectrophotometirat
measures Ll sample with high accuracy and reproducibilityist
based on a technology that employs surface teredmme to hold
the sample in place. In addition, the ND-1000 s dapability to
measure highly concentrated samples without dilu¢(E0X higher
concentration than the samples measured by a sthrudeette
spectrophotometer). It is able to read the RNA eatration
expressed in ng/ul using the nucleic acids andfipdriproteins
wavelength ratio (260/280). In particular, the gatf absorbance at
260 and 280 nm is used to assess the purity of BNAARNA. A
ratio of ~1.8 is generally accepted as “pure” fddA) a ratio of
~2.0 is generally accepted as “pure” for RNA. lk thatio is
appreciably lower in either case, it may indicdte presence of
protein, phenol or other contaminants that abswdngly at or near
280 nm.
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5.6 TOTAL RNA EXTRACTION FROM MOUSE EMBRYONIC
AND FETAL LIMB PRIMARY CULTURES

Total RNA was extracted from mouse embryonic artdl femb
primary cultures following the miRNeasy Mini Kit qocol
instructions (Qiagen).

The miRNeasy Mini Kit is designed for purificatiar total RNA,
including miRNA and other small RNA molecules, fraraltured
cells and various animal and human tissues. It coesb
phenol/guanidine-based lysis of samples and sihembrane-based
purification of total RNA. QIAzol Lysis Reagent & monophasic
solution of phenol and guanidine thiocyanate, desigto facilitate
cells and tissues lysis, to inhibit RNases, and sgemove most of
the cellular DNA and proteins from the lysate bgaoric extraction.
To lyse cells directly, the cell-culture medium wdiscarded and
cells were washed with PBS. 7Q0 QIAzol Lysis Reagent were
added directly to cells, and the lysate was cadlé@atith a scraper
into a microcentrifuge tube and homogenized by esony for 1
min. The homogenate was left at 15-25°C for 5 nainptomote
dissociation of nucleoprotein complexes. Then, f#6hloroform
were added to the homogenate, the tube was vortegerbusly for
15 sec, left at room temperature for 2-3 min amsh ttentrifuged for
15 min at 12.000 x g at 4°C. After centrifugatidhe sample was
separated into 3 phases: an upper, colorless, agydtase; a white
interphase; and a lower, red, organic phase. RN#tipaed to the
upper, aqueous phase, while DNA partitioned toitkerphase and
proteins to the lower, organic phase or the intasgh

The upper, agueous phase was recovered and traalsiieto a new
collection tube. 525u1 100% ethanol were added and mixed
throughly by pipetting up and down several timelse Bample was
then applied to the RNeasy Mini spin column (whieetotal RNA
bound to the membrane, and phenol and other contems were
efficiently washed away), and centrifuged at 8.@affor 15 sec at
15-25°C. The flow-through was discarded and pO®uffer RPE
were pipetted onto the RNeasy Mini spin column esctrifuged at
8.000 x g for 15 sec to wash the column. The flavotigh was
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discarded. Other 500l Buffer RPE were added onto the RNeasy
Mini spin column and centrifuged at 8.000 x g 2omin to dry the
RNeasy Mini spin column membrane, ensuring thatthanol was
carried over during RNA elution.

The RNeasy Mini spin column was transferred intoesv 1.5 ml
collection tube. 30-5QI RNase-free water were directly added onto
the RNeasy Mini spin column membrane and centriduaie8.000 x

g for 1 min at 20-25°C to elute the RNA.

Extracted total RNA was stored at -80°C or analyizglanoDrop.

5.7 RNA IMMUNOPRECIPITATION ASSAY

The C2C12 cells were grown in DMEM supplementechvid0%
FBS (Growth medium, GM) and differentiated in DMEM
supplemented with 2% HS (Differentiation Medium, RNM0O0000
cells for each time of development are collectetle Tells are
treated with trypsin, the digestion is stopped wilik addition of
medium and the cells are spin at 4009 for 5 minuitbes cell pellet
is washed for two times with 10 ml of PBS and tledls are spin
again.

The cell pelelt is resuspended in 10 ml of PBS 2ndul of 37%
formaldehyde (Sigma Aldrich). The cells are inculeat30 minutes
at 37°C on rocking platform. To stop cross-linkihgt ml of 2M
sterile glycine are added, the cells are incubatenGtes at 37°C;
then they are spinned and the pelelt is washedwortimes with
PBS. The pellet is resuspende in 1ml of ice-coldCxl Lysis
buffer, containing 1x Protease inibitor coktail (@& Na-PB pH7,
300mM NaCl, 5mM MgCI2, 4mM EDTA, 2mM DTT, 10 mg/ml
Heparin, 10% glycerol, 2%Na-deoxycholat, 0,2% Sid&ter). The
cells are placed on ice for 1 hours, the cell lysatspnned at 10000
g for 15 minutes at 4°C. The supernatant is cal&cThe samples
are sonicated at 50% amplitude for 15 sec. intad, ml cell lysate
is added 10Qul of 10x Dnase buffer, ml RNasin and 1Qul of
RNase-free DNase. The lysate is incubated at 3@f@5 minutes,
then the 4Qul of 0,5 M EDTA are added to stop the reaction, and

70



the samples are centrifugated 5 minutes at 14000; rihe
supernatant is collected. To cell lysatgg®f antibody ( a sample is
used as negative control, using IgG) are addetlsdte | incuaed
at 4°C O/N. 50 pl of washed Protein A/G are added, and the lysate
is centrifugated at 10000g for 30 seconds at 4°fe ®btained
pellet is washed 5 times with 5001 of 1x Cell Lysis buffer. After
the last wash the supernatant is aspirated, apdd8%rotein-RNA
elution buffer (100mM Tris-HCI pH8, 10mM Na2-EDTA% SDS,
wathr) are added. The samples are incubated 18srait37°C: 20
ul of eluate are conserved for Western blotting ysial

To 150ul eluates are addedih of 5 M NaCl and 2Qug proteinase
K. Incubation at 42°C for 1hour to digest cros&éid polypeptides,
and successive incubation at 65°C for 1 hour toens the
formaldeyde cross-links.

At the sample 10@l DEPC-H20, 25ul 3M Na-acetate and 2fg
glycogen are added.

The RNA is extracted with the method Phenol/ CHQ!3), 625ul
ethanol are added and the RNA is precipitatedGG&/N.

The extracted RNA is analyzed with RT-PCR assay.
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Figure 30: Schematic representation of RNA-immunoprecipitasissay.

72



5.8 RNA RETRO-TRANSCRIPTION

The iScriptTM complementary DNA (cDNA) Synthesist KBio-
Rad Laboratories) was used for the reverse trgytgumi of total
RNA extracted from mouse limb muscles and embryteta
primary cultures. This kit allows to obtain highadjty single-strand
cDNA in a simple and efficient manner thanks to pihesence of a
single reaction mixture that reduces the reaciioe tincreases the
experimental reproducibility and minimizes the srgsntamination
risk.

The cDNA synthesis requires the preparation of atume
composed of 4ul 5X iScriptTM Reaction Mix [oligo(dT) and
random hexamer primersl, MgCI2, DTT, dNTPs, RNasgbitor,
buffer], 1ul iScriptTM Reverse Transcriptase, 500 ng RNA sampl
and Nuclease-free water up to ai2@nal volume.

The mixture was placed in the thermocycler PTC-2B®-Rad
Laboratories) and submitted to following steps: i et 25°C; 30
min at 42°C; 5 min at 85°C and finally held at 4°C.

The cDNA was stored at -20°C or analyzed by Resl€Ti
guantitative Reverse Polymerase Chain Reactionl{Ree gRT-
PCR).

5.9 REAL-TIME QUANTITATIVE REVERSE
TRANSCRIPTION POLYMERASE CHAIN REACTION (REAL-
TIME QRT-PCR)

The cDNA was analyzed by Real-Time gRT-PCR using th
Opticon 2 real-time PCR cycler (Bio-Rad Laboratsyi@and the
program Opticon 3.2 (Bio-Rad Laboratories).

The gRT-PCR is used to amplify and simultaneoushangfy a
targeted DNA molecule, enabling both detection las reaction

! The presence of both oligo(dT) and random hexapréners ensures the
reverse transcription of all RNA sequences inclgdthose that do not have
poly(A)-tails, and the generation of full-length NB, respectively. In fact,
random hexamers bind along the entire length of RNA, while oligo(dT)
primers are designed to bind at the beginning efgbly(A)-tail; therefore they
are not specific for mRNAs.
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progresses in real time and quantification (as labsaumber of
copies or relative amount when it is normalized aaditional
normalizing genes). Two common methods used fordymts
detection in real-time PCR are non-specific fluoezg dyes that
intercalate with any double-stranded DNA, and segeespecific
DNA probes consisting of oligonucleotides that kteeled with a
fluorescent reporter which allows detection onleahybridization
of the probe with its complementary DNA target.

In particular, Syber Green (Bio-Rad Laboratories) TagqMan
probes (Applied Biosystems, Foster City, CA, USA9revused for
the sample cDNA amplification following manufactuse
instructions.

The reaction mixture for cDNA amplification usingdMan probes
was made up of ul Tagman probe (Life Technologies, Carlsbad,
CA, USA), 9 ul RNase-free water (Life Technologies), 10
SsoFastTM Probes Supermix (Bio-Rad Laboratories) anul
cDNA.

The qRT-PCR steps were: 2 min at 95°C (activatidf)cycles of
10 sec at 95°C (denaturation) and 20 sec at 60AGe&ding and
elongation).

The reaction mixture for cONA amplification using/&r Green
was composed of 2,8 forward primer, 2.5l reverse primer, 1{l
SsoFastTM EvaGreen Supermix, |4 RNase-free water (Life
Technologies) and [ll cDNA.

The gRT-PCR steps were: 2 min at 95°C (activatidf)cycles of
10 sec at 95°C (denaturation) and 20 sec at theegtedlished
annealing temperature (annealing and elongation).

Primers of GAPDH and T1, T2a, H, L, D3 cyclins (laR) were
designed on the base of gene sequences availabtbeohNCBI
website (www.ncbi.nlm.nih.gov). The remaining sewes are
custom TagMan Probes pre-designed by Applied Biegys.

The cDNA levels were normalized to those of the dateeping
GAPDH gene and calculated relatively to controlsthy 2AACt
method (Live and Schmittgen, 2001).
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GAPDH: 5-TCGGAGTCAACGGATTTG-3’
5'-GGATCTCGCTCCTGGAAG-3

CYCLIN T1: 5-GAATGAGAGTGCTTGTGTGAG-3’
5'-AAACCAGAGGAGATAAAAATG-3

CYCLIN T2a: 5-GACATGTCCGTAGCCCACCTG-3’
5'-GCATCCTCGGAAAGACACAGC-3

CYCLIN H: 5-CCTCGGATAATAATGCTTAC-3
5-TCATAGCCTTTCCTCTTC-3

CYCLINL: 5-CGAGATTGTTGCTATGGC-3’
5-CACTGGCTTCTCCTTGGG-3’

CYCLIN D3: 5-CAGCGTGTCCTGCAGAGTT-3’ For
5-CCTTTTGCACGCACTGGAA-3' Rev

7SKsnRNA: 5'- ATCTGTCACCCCATTGATCG-3
5'- GCGCAGCTACTCGTATACCC-3

CDK9-55 Sonda Tagman (Applied Byosistems):
CDKI9M55KDA-ANY 445370 20X MIX

CDK9-42 Sonda Tagman (Applied Byosistem)
CDK9M42KDA-ANY 445370 20X MIX

The statistical test calculates the p-value of eveetector
compared in the analysis.

Comparison of group was performed using ANOVA teBhe
control group was compared to the individual expental group;
differences were considered significant at P<0,05.

Results were analyzed using GraphPad PRISM (verSi00,
March 2007).
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5.10 PROTEIN EXTRACTION

For protein extraction, limb muscle tissues and mntic/fetal

primary cultures pellets were washed in PBS anah tlysed in

RIPA BUFFER [50 mM Tris-HCI pH 7.5, 50 mM EDTA pH &850

mM NaCl, 1% (v/v) Nonidet P-40] supplemented witlotpase
inhibitors (0.3 mM PMSF and Complete, Mini, EDTAeé& Protease
Inhibitor Cocktail Tablets; Roche, Basel, Switzada and

phosphatase inhibitors (2 mM NaOV, 10 mM NaF). ligsavere
transferred into new 1.5/2 ml microcentrifuge tyde# to incubate
on ice for at least 30 min and then centrifuged2000 x g for 20
min at 4°C. The surnatant containing the proteitraet was

transferred into a new eppendorf and stored atG&3°submitted to
Bradford protein assay.

5.11 DETERMINATION OF PROTEIN CONCENTRATION

The Bradford protein assay (Bio-Rad Laboratories)s wised to
determine the extracts protein concentration. l&aigsolorimetric
assay based on the proportional binding of the Gsine Brilliant
Blue G-250 dye to proteins (Bradford, 1976). Coosreasbsorbs at
465 nm, but this value shifts to 595 nm when itdsirto proteins.
The absorbance increase at 595 nm is proportiorthlet amount of
bound dye and, thus, to the concentration of pnetpresent in the
sample.

The protein concentration was determined usinguadsird curve in
which the increasing concentration values of thé\ BiSovin serum
albumine) standard protein solutions were reporiedx-axis,
whereas the corresponding absorbance values inisy-&8y
calculating the BSA absorbance in concentrationakngolutions,
it was possible to determine the samples protenceatration.
Based on the results, a relative normalization masle versus the
sample with the lowest protein concentration, ideorto use the
same amount of total proteins in the following protanalysis.
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5.12 POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-
PAGE)

The protein separation was performed in polyacridemgels
following Laemmli instructions (Laemmli, 1970), agi a Mini

Protean 3 Cell (Bio-Rad Laboratories). The gelsewmade at an
acrylamide/bis-acrylamide concentration of 10% tfug separation
gel, and 4% for the stacking gel, whose composit®meported
below:

COMPONENTS OF 10% SEPARATION GEL VOLUM
H20 4 mi

1.5 M Tris-HCI pH 8.8 2.5 ml
30% (wi/v) Acr/Bis 3.3ml
10% (w/v) SDS (Sodium Dodecyl Sulfate) 0.1 ml
10% (w/v) APS (Ammonium Per-Sulfate) 0.1 ml

TEMED (N,N,N,N'-Tetramethylethylenediamine) stock  0.01 ml
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COMPONENTS OF 4% STACKING GEL VOLUM

H20 3.4 mi

1.5 M Tris-HCI pH 6.8 0.63 ml
30% (w/v) Acr/Bis 0.83 ml
10% (w/v) SDS (Sodium Dodecyl Sulfate) 0.05 ml
10% (w/v) APS (Ammonium Per-Sulfate) 0.05 ml

TEMED (N,N,N,N’-Tetramethylethylenediamine)0.005 ml
stock

In order to denature proteins to promote their s in gels,
loading buffer (LB) [50 mM Tris-HCI pH 6.8, 10% (w/ glycerol,
0.5% (w/v) SDS, 0.025% (w/v) bromophenol blue, 10%v) B-
mercaptoethanol] was added to protein extracts.eMdar weight
standards from 12 to 225 kDa (Precision Plus Rrdtdi All Blueb
Standards, Bio-Rad Laboratories) and protein etdracre then
boiled for 5 min at 95°C, transferred on ice, amalfy loaded on
the polyacrylamide gel. In particular, equal amsuof protein
extracts (25-5Qug) for each sample were loaded onto the gel and
separated at 90V in running buffer [25 mM Tris-Ba$62 mM
glycine, 0.1% (w/v) SDS]. At the end, they werensferred onto a
PVDF membrane (Bio-Rad Laboratories) as descrilyefdubin et
al., 1979. The electrotransfer was perfomed insfiembuffer [25
mM Tris-Base, 192 mM glycine, 20% (v/v) methanoll a
20V/60mA overnight at 4°C, using the Bio-Rad Trdoslsystem.
In order to confirm the protein transfer from th@y@acrylamide gel
to the PVDF membrane, proteins were reversiblynsthiwith
Ponceau Red, which was subsequently washed away MaST
[0.1 M Tris-HCI pH 7.5, 0.15 M NacCl, 0.1% Tween @A 7.4].

5.13 IMMUNO-BLOTTING

To block non-specific binding sites, the PVDF meam& was
incubated with 5% non-fat powdered dry milk in TB®F 1h at
room temperature. The membrane was then incubatadovimary
antibody diluted in 5% non-fat powdered dry milk BST
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overnight at 4°C (Table 3). It was then washedehmnes for 10
min in TBST and incubated with secondary antibodyjggated
with peroxidase diluted in 1% non-fat powdered ohifk in TBST
for 1h at room temperature. Primary antibody: COK200; Santa
Cruz, CA), MyoD (1:100; 5.8A, BD), Myogenin (1:10®5D,
Dako), MHC (1:20; MF20, Fishman), Desmin (1:100gr8a),
Embyonic myosin (1:100; BF-G6, Schiaffino, 198%ast myosin
(2:300; Sigma), Slow myosin (1:300; Sigma), Pax31Q0;
Hybridoma Bank), Pax7 (1:100; Hybridoma Bank), @ycll
(2:100; Santa Cruz, CA), Hexim 1, Tubuline(1:250gr%a), B-
Actine (1:300; Sigma). Three more washings in TTB&re
performed and the membrane was then incubated with
peroxidase substrate (SuperSignal® West Pico Chemmkscent
Substrate; Thermo  Scientific, Rockford, USA), whose
chemiluminescent product allowed the detectionrotgins bound
by the antibody.
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