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» Broad aspects of platelet biology

* Platelet-based applications in regenerative medicine

» Composition of platelet secretome

» The role of platelet secretome in skeletal myogenesis

» The role of platelet secretome in reparative skeletal muscle

regeneration

* Mechanistic insights

» The role of platelet secretome in skeletal muscle stem cell

function

» Conclusions
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Platelet and organelles

a-granule Regenerative applications
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FIGURE 1 Schematic of a platelet together with organelles, highlighting key surface receptors, aggregation factors and an overview of
known o-granule releasate factors. These contain adhesive proteins, clotting factors and their inhibitors, fibrinolytic factors and their inhibitors,

proteases and antiproteases, growth and mitogenic factors, chemokines, cytokines, membrane glycoproteins and antimicrobial proteins. The
platelet releasate may be further used as a biomaterial in numerous applications of regenerative medicine

Scully et al. 2018, Acta
Physiol.e13071
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Platelet-mediated skeletal muscle regeneration
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Platelet-mediated skeletal muscle regeneration
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Customized Platelet-Rich Plasma for Skeletal Muscle Injuries . .
Controversial literature
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- Inconsistent results
- Standardisation of preparation
- Timing of application




TABLE 1 Platelets and skeletal muscle regeneration

Reference Species

9 Rat

2 Rat

70 Rat

16 Rat

15 Rat

82 Rat

54 Rat

17 Rat

78 C2C12 myoblasts
and Rat

69 Mouse

9% Mouse

34 Mouse

80 Rabbit

61 Human athletes

62 Human athletes

63 Human patients

96 C2C12 myoblasts

48 Human (ex vivo)

Intervention

PRP on a flexor sublimis lesion

PRP on flexor sublimis incision

PRP on tibialis anterior under muscle strains

PRP on gastrocnemius muscle injury

PRP in gastrocnemius contusion

PRP-derived growth factors on rat
muscle satellite cells

Rat releasate on rat gastrocnemius
muscle cells in vitro

TGE-1 neutralization in PRP on a
cardiotoxin-induced muscle injury model

(i) Human releasate on C2C12 murine myoblasts;
(i) Rat PRP on rat rotator cuff tear

Muscle contusion injury and PRP
at different time points

Gelatin hydrogel with platelet releasate
in wound healing

Findings

* Leucocyte infiltration;  early inflammatory
response post-muscle injury

* mRNA of pro-inflammatory cytokines,
MRFs & IGF-1Eb; + myo-miR-133a

* Myogenesis
| Time-to-recovery after a muscle strain

| Pain/claudication score

4 Oxidative stress and 1 enzymatic antioxidants in
injured skeletal muscle

* Proliferation and osteogenic differentiation ability
of satellite cells from rat masticatory muscle

* Proliferation; 1 cyclin A2, BI, cdkl, cdk2 and
PCNA of protein expression (dose-dependently)

* Muscle regeneration; ¥ fibrosis; * angiogenesis;
prolonged satellite cell activation; * M2
macrophages to the injury site

* Proliferation; inhibited myogenic differentiation; |
expression of adipogenic genes and lipid droplet
formation in vivo

PRP injection 7 d after injury 1 exercise time; 4
fibrotic tissue; PRP at 1 and 4 d after injury ¢
exercise time; 1 fibrotic tissue

1 Levels of angiogenesis
* Wound healing rate

Human releasate on muscle-derived progenitor cells

Rabbit PRP with ASC extracts on rabbit myogenic
progenitors and human fibroblast culture

PRP in grade II muscle lesions

PRP in acute muscle injury

PRP in proximal hamstring injuries
Human PRP lysate on C2C12 murine myoblasts
(i) PRP (ii) releasate with depleted

TGF-B1 and myostatin
(iii) PPP; in human skeletal muscle myoblasts

t i ion of hAMDPCs; PDGF further increases
the proliferative effects of PRP
ASCs extracts had a stronger effect on proliferation
of MPCs than PRP
4 Pain in all patients and improved muscle function
in 85% of patients afer first injection
4 VAS 2 wk post-treatment. 100% return to sport
activities after 35 d (non-controlled study)
93% | pain afier 28 d vs 80% in control;  range
of motion and strength
4 VAS and NPRS scores
* C2C12 proliferation up to 20% PL but mildly
cytotoxic at 100%; t C2C12 scratch wound closure
PPP and releasate with depleted TGF-B1 and
myostatin induced myoblast differentiation; Seully et al. 2018, Acta
myoblast proliferation with PRP Physiol.e13071

Different stages and steps in

Option 1: PRP for

preparation of platelet-based applications

regenerative applcations « Different centrifugation speeds
Centrifugation Contitugatin = 2x10%10 » Different platelet concentrations
4-30 mins; 5-20 mins; 3x 108
160-1800 250-3000 latelets/uL. B H
*9 b plateletsiy + Different platelet agonists
| Modified
Red +——— PRP ==+ Prostaglandin Tyrode's
blood _—— Leucocyte-rich Pellet of Buffer
cells layer Platelets =
Thrombin + CaCl,,
PAR-1, PAR-4, freeze-thaw, . . . .
zeolite, collagen, ADP, f(;plmn 2 Leqcocyte—»nm» PRP Option 3: Rebasgts (ov
thromboxane Az or
exposure to cells.
Centrifugation
10-30 mins;
1400-100 000 x g
I ___ Releasate
Plateletsin Pellet of — /™ Releasat Steepas
Modified Releasate Platolets eleasate
Tyrode's Aggregated
Buffer Platelets ~——__

FI
experimental variations based on published evidence (Table 3). Variations may include donor-specific variability, variability in centrifugations,

3URE 4 A schematic diagram showing the different stages in preparation of platelet-based applications, highlighting possible steps for

use of different platelet-based applications (eg, PRP or leucocyte-rich PRP or platelet releasate), platelet concentration, buffer of resuspension,
platelet agonists used for activation and the storage conditions

Scully et al. 2018, Acta
Physiol.e13071
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Experimental Approach
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Key points

* PAR1-and Collagen- activated
platelet releasate induce
stronger myoblast proliferation
than thrombin or sonication

* 10-30% releasate (v/v) shows a
dose-response on the
proliferation of myoblasts

« Different platelet concentrations

exhibit a dose-response on

myoblast proliferation

Releasate composition
10 14 18
Intensity

sIL-6Ra

\H‘\‘r‘nr‘i‘—eﬂm

PECAM1

sEGFR

u c T

PAI-1
uPA
IL-18
Angiopoietin-2
Follistatin
IGFBP-1
Endoglin
IL-6
sCD40L
PLGF
TGF-a
TNF-a
Osteopontin
HB-EGF
IL-8
VEGF-C
VEGF-D
SCF
PDGF

] VEGF-A
EGF
sFASL
HGF
HER2/neu
SVEGFR-1
sVEGFR-2
sTIE-2
FGF

U: unstimulated
C: collagen
T: trap6 (par1)
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Overview of effects of releasate components on myoblast proliferation and differentiation based on published evidence

Increased proliferation and migration and 1
TGF-1

-]
Reference Factor Experimental evidence Diffe e "Heparin-bindi Tnhibiting HB-EGF rendered myofubes - T
; - epidermal growth  sensitive to apoptotic cel death and is
2 Epidermal growth - Blocking EGFR causes a loss of ¢ factor (HB-EGF) __upregulated in differentiation
faclor receptor  prolfferation of satelite cells. SEGFR 2o Insulin-like growth _a) IGFBP-1 enhances insulin signalling 1 T
EGFR) lation tri h last o
(6EGFR) e reguiation tiggers humen myobiast By factor-binding b) A weak activator of the MAP kinase
v Fibroblast growih A sirong MAP Kinase agonist, is both a T protein 1 (IGFBP-1) cascade, fs mitogenic but utmately
factor (FGF) potent mitogen and inhibitor of myogenic . enhances the differentiated phenotype
differentiation 3 IL-6 expression 1 Hypertrophic Muscle 1 1T
@ Foliistatin Myostatin antagonist, Follistatin, improves 1 growth _—
s skeletal muscle healing. Follistatin alters IL-6 Regulates Myoblast Proliferation and
myostatin gene expression in c2c12 Migration
muscle cells = L8 Interleukin 8 (IL-8) acts as an angiogenic - -
a)® human epidermal _a) (ErbB2) is not upregulated in B 1 factor
b)? growth factor proliferation or differentiation, b) however B 18 IL-18 1 angiogenesis B -
receptor 2 (ErbB2) epidermal growth factor receptor (EGFR)
(sHER2/neu) down-regulation triggers human myoblast B PAI1 Paracrine PAI-1 is involved in 1
differentiation glucocorticoid-induced musce wasting,
7 Hepatocyte growth 2 ng/ ml promoted cell division but 1 I negative role of PAI-1 in muscle
factor (HGF) reduced myogenic commitment and tion with increase in fibrosis
fusion, 10 ng/ml HGF reduced B PLGF Placenta growth factor (PLGF) to - -
proliferative capability, but increased enhance
_ difforentiation = T i TGF-a did not C2C12 differentiation. -
v ‘Soluble Interieukin _IL-6 expression 1 hypertrophic muscle 1 Growth Factor-a  Overexpressing in mice causes a smaller
6 receptoralpha  growth regulating myoblast proliferation (TGF-a) fibre cross-sectionel arsa.
_ (sIL-6Ra) _ and migration__ S Tumour necrosis _a) Recombinant TNF-a in differentiation 2 1
Osteopontin A pro-fibrotic factor in skeletal muscle and - (1 Myogenin)  p)2r factor (TNF-a) medium stimulated myogenesis at 0.05.
myoblasts o= ng/ml, but inhibited it at 0.5 and 5 ng/ml
a)© PDGF-AB/BB a) Platelet-derived Growth Factor-BB  PDGF-BB 1 PDGF-BB | b) TNF-a inhibits myogenic differentiation
byt stimulates growth and inhibits of C2C12 cells through NF-kB. c)
differentiation ) PDGFAB - PDGFAB - Myotube atrophy was induced by TNF- a
b) Zgg;—M anfi!' PD‘SSF-ABdhave little or B uPA Urokinase-type plasminogen activator - 1
no t on proliferation an induces myoblast fusion and
differentiation differentiation
2 Stem cell factor SCF increases skeletal muscle stem cell 1
(SCF) number e VEGF-A b) VEGF causes myoblast profferation 1
B ‘Soluble ‘Angiopoietin1 (Ang-1), Tie1, and Tie2 - T
Angiopoietin-1_ mRNA increased during differentiation. El VEGF-C VEGF-C plays a role in angiogenesis and 7 ?
receptor (STIE-2) lymphangiogenesis in a murine model of
W Vascular VEGF acting on VEGFR1 was increased | 1 hind limb ischemia
Endothelial Growth during proliferation and differentiation. = VEGF-D VEGF-D is the most potent (angiogenesis - ?
Factor Receptor-1 B and lymphangiogenesis) member of the
(SVEGFR-1) GFs when delivered via an adenoviral
W (SVEGFR-2) VEGFR2 was expressed minimaly during | 1 vector into skeletal muscle
proliferation and increased during L N N N L
differentiation. “1/)":indicate increase/decrease respectively, *-": indicates no effect and *?": indicates that we were not
7 Angiopoietin-2 Enhanced differentiation and survival, no - T -
influence on - jon or migration able to identify any relevant reference
z EGF EGF stimulates myoblast proliferation in 1 1
growth but not in differentiation medium
W Endoglin(CD105) 1 Scully et al. 2018, Acta

Physiol.e13071

—
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The effect of releasate on gene and protein expression patterns of myoblasts

Myoblast mRNA expression with releasate
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=4 8 1 w12 7w 290 2 3 2ok 2
£6 61~/5"2 91~ — 2 I
S@a4 —fled{ T — 1 — 1
z o 2 3 i i 1 Pdgfa, Pdgff, Vegfa165 and
% 0 08 0 - 0 - 0 0- Prmt1 mRNA are increased
s PdgfB 2 PdgfBr 5 Pax7 6 Myf58 Myod s Prmt1 with platelet releasate
Slety e ] rel Tl g
4 1 2] __ 2] = 4 21—
2 | 1 — 112 1
0 0 0 o L o - _
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Myoblast protein expression with releasate
SF GM R
CT ] [ e
Ly
LT 60
2%
oo 0
OSF BGM BR
o - - - \3120 b Releasate increases PDGF
o &< 60 T I I and VEGF protein expression
N U< . R .
o 23 in proliferating myoblasts
] ] 5 ¥
58
£% o0 I I
63
y == 0
Scully et al. 2018,
Acta Physiol.e13207
Platelet releasate drives myoblast proliferation through PDGF and VEGF
Inhibition of VEGF and PDGF
AG-1295+ R AAL-993+ R Control groups
N FERTan
3 g
° =
g g
=1
o
w
g
e O SF LI S
E o GM B,
3 mR P I I T T
= AAL-993: low (23nM) e e e e ..
AAL-993: medium (130nM) - - - - + - - - -
o AAL-993: high (1.3uM) R T R
g AG-1295: low (250nM) R
- AG-1295 medium (500nM) - - - - - - - + -
2 AG-1295: high (5uM) e e e e e e o+
AAL-993 is a potent inhibitor of VEGF receptors
AG-1295 is a potent inhibitor of PDGF receptor
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Temporal effects of platelet releasate on myoblast differentiation

A ICeu lDM:Reveryl 2 . PdgfB o . Pdgfa 2 Vegf165a

el

s

seeding 0.5 days é 5
Do D2 s S8 1 1

l | | xe
GM R | Staining 0 0 0

a GM+R;DM+R

0O Gm;DM 0 GM+R;DM H GM+R;DM+R
2000 1 * 600 * 200 A
400 100

1000 1 H 200 o T -
- 0 0 - 0 -
@ Nuclei number Myogenin*'e cells Myotube number
5]
2E 30 4 900 80 -

T 600
[N B
£<15 1 |'L| ™ £300 iS40 o
8% o i 0
= Myofusion index Myotube length Myotube thickness

Early addition of releasate upregulates myoblast differentiation
Continuous addition of releasate inhibit myoblast differentiation
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Temporal effects of platelet releasate on myoblast differentiation
B |Cell DM changed daily Staining
seeding
DO D2 D5 D12
M | + R between
D5-12
0O GM;DM
B GM;DM+R. D5-12
600 ok 500 1
300 - 250 1
- 0 - o
k] Nuclei number Myogenin*e cells Myotube number
S g50 1000 90 -
2025 500 J I—_'—l - 45 -
g8 0 s 0 5 0
é. Myofusion index Myotube length Myotube thickness
Addition of platelet releasate after myoblast fusion is beneficial for myogenic
differentiation
16



PDGFR and VEGFR inhibition reduces myoblast differentiation

A |cell ) DM changed daily + AG-1295 Staining
seeding or AAL-993
DO D1 D5 D6
GM I +RrR

Fedede
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Sk
Jekk

Fkk
——

2000 500 gmmtn 150 4 2
|j 100 H |j
1000 250 50
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£~ 50 ; 800 - 100 1
S
ST 25 4 €400 4 _ ﬁ i i
L 25 £400 50
>0 =3
= 0 A

0 -Myofusion index

Myotube length

o m
Myotube thickness

Inhibition of differentiation is not rescued by releasate in terminal differentiation

17
Key points
1. Temporal effects of platelet releasate on myoblast differentiation
2. Early addition of releasate upregulates myoblast differentiation
3. Addition of platelet releasate after myoblast fusion is beneficial for
myogenic differentiation
4. Continuous addition of releasate inhibits myoblast differentiation
5. PDGFR and VEGFR inhibition reduces myoblast differentiation
18
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I In Vivo work on skeletal muscle regeneration:
[ > ]
CTX + Releasate
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[ crx
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l Platelet releasate accelerates skeletal muscle regeneration of tibialis anterior in vivo l

—
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Platelet releasate increases the total number of Distribution of total muscle
Myogenin*ve muscle stem cells and clusters per fibre stem cell progeny number per
myofibre
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Commitment of satellite cells to differentiation is mediated by PDGF and VEGF

Effect of releasate on myofibres

OPax7/MyoD Releasate upregulates Cyclin D1 and Scrib
mMyoD
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Releasate drives muscle stem cell proliferation and differentiation l q
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+Releasate +Releasate +Releasate
1 Commitment to 1 Myotube
Quiescence  Activation Proliferation Differentiation Fusion Formation
(@) (o]
@)
O &)

Self-renewal

tPDGF, VEGF, 1Commitment to | Fusion tMyogenin expression
Scrib, Cyclin  differentiation ability of tMyotube number
D1 expression (Pax7¢/MyoD*'¢) myoblasts tMyogenesis

Platelet releasate stimulates muscle stem cell proliferation and differentiation through the

PDGF/VEGF/MyoD/Scrib-axis
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Impaired skeletal muscle regeneration of ApoE-"- mice is rescued by platelet releasate

D5

ApoE*

pOE” + Releasate
B 3.7

Activation and differentiation of skeletal muscle
stem cells is impaired in ApoE-- mice and can
be alleviated by treatment with platelet releasate
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Impaired skeletal muscle regeneration of ApoE--
mice 10 days after injury is rescued by platelet
releasate
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. We have shown in vitro and ex vivo data on PAR-1 -activated platelet

. We have identified two essential components of releasate being essential for

. We have shown a temporal effect of platelet releasate on myotube formation

. We have identified the effect of platelet releasate on a myoblast lineage

. Platelet secretome normalises the compromised muscle regeneration in a

Conclusions

releasate dose-dependently stimulating myoblast proliferation

both proliferation and differentiation using mRNA, protein and inhibitory

analysis

progression marker ex vivo; Scrib

mouse model of hyperlipidaemia

—
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The Role of Platelet Secretome in Skeletal Muscle Biology and
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