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OA is COMMON & GROWING——

Affects

240 million

people worldwide

more womenf

2Xthan mentiu

Bijlsma JWIJ et al. Lancet 2011



Osteoarthritis affects millions in
Europe and the burden is growing

In 2019, over 57 million people in Western
Europe' had osteoarthritis (OA), and it caused
the loss of over 2 million years of healthy life.*
Numbers affected in the region have grown by
54% since 1990.

Increase
since 1990

Source: IHME, Global Burden of Disease Data 2012

SWEDEN




* 17% whole population

* Incidence
> Knee OA: 240/100.000 PA
» Hand OA: 100/100.000 PA
> Hip OA: 88/100.000 PA

* Overweight +++
» RR 1.9 (hand OA + weight-bearing
joints)
» High risk joint replacement (X 5)

Bijlsma JWIJ et al. Lancet 2011
The GBD 2015 collaboration. N Engl J Med 2017;377:13-27
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OA causes lost productivity and costs
Europe billions of Euros each year

@ In addition to the substantial direct healthcare costs, OA also impacts
economies by causing absenteeism, presenteeism and early retirement,
necessitating income support or disability allowance payments. People

with OA may also need formal and informal care.

@ European countries have reported annual OA-related costs in the billions:’

Indirect healthcare costs

. 4.6bn

Direct healthcare costs

Upto

7.2bn

Indirect costs are likely to
be underestimated and
could be as much as

4X direct costs.

Indirect costs

e
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OA does not just affect the elderly:
43% of those affected are under 65

0.08m 2m

- as
<35 45-54 55-64 65-74 =75
Age (inyears)

Source: IHME, Global Burden of Disease Data 2019



* Major public health problem in young people (< 50 years old)
» Risk factors: overweight/obesity/trauma

» 7-13% knee (<45 YO) g Y00 7000000
» Peak at 50 for the knee § e e
> Disability increases in 20 years (X2) £ | .
> Parallel to obesity o oo 32
> Increasing TKR and THR E o] p—
> o 76%
> +30-60% A N R

FIGURE 1. Growth in the global burden of esteoarthritis and global burden of high body mass index from 1990

to 2013 for males and females aged 15 to 49 years. Solid lines represent global years lived with disability for
osteoarthritis (triangles indicate data for females and squares indicate data for males). The dotted line represents
global years lived with disability for high body mass index for females, and the dashed line represents global years
lived with disability for high body mass index for males. The graph was plotted using Global Burden of Disease

Pereira D. O&Cart 2011 Study data.?
Ackerman J. Orthop Sports Phys Therapy 2017



OA limits LIFE
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* Hip OA




* Knee OA




e Hand OA




 All the components of the joint are

involved in the process:
» Cartilage = chondrocytes + ECM
» Subchondral bone = OC/OB
» Synovial = inflammation
» Muscles, ligaments

Collagene IX et X

Collagene Il
Proteoglycanes

3 Ostaopla‘stes

3y | Monocytes
| | Macrophages

Cytokines (IL-6, IL 1, TNF)
MMPs, ADAMTS
PGE2

NO, ROS
VEGF, EGF
Complement
SASP (senescence)



Reduce pain

Improve function

Maintain physical activity
Education

Slow down cartilage degradation

NB: DMOAD (disease modifying OA drug): structural modulation

‘ No drugs meet this definition



oral NSAIDs
including COX-2 o
inhibitors opioids

topical
capsaicin

topical
NSAID

intra-articular
corticosteroid
injections

paracetamol

supports

and braces _ _
education, advice

information access

local heat and cold

shock-absorbing strengthening exercise
shoes or insoles aerobic fitness training

weight loss assistive devices
if overweight/obese

joint
arthroplasty

manual therapy
(manipuation
and stretching)

NICE 2008



Waiting times for joint
replacement surgery can be long

Average waiting times for joint replacement surgery were up to six months in our focus countries pre-covid-19,'?
and are being lengthened by the pandemic. Not everyone with OA may be suitable for surgery or want to have it.

@® Knee @ Hip

43

10-20%
still have pain after joint
replacement™

Italy UK Sweden Spain

Source: OECD 2019 data (2018 for UK).




= Total hip arthroplasty (THA) and total knee arthroplasty (TKA)

Patients with persistent pain, stiffness and reduced function AND refractory to
non-surgical treatments AND impact on their quality of life

Evidence based on numerous uncontrolled observational studies
Appropriate rehabilitation and domestic support in the first weeks

Recovery from TKA is slower
THA is more effective than TKA in restoring function to normal

Over 95% of joint replacements continue to function well into the second decade
after surgery, and most provide lifelong pain-free function.

Approximately 20% patients are not satisfied

Martel-Pelletier J. Nat Rev Disease Primers 2016



* 3 unmet medical needs
 Efficient disease modifying treatment

* More effective symptomatic treatment:
NSAIDs improve less than 50% WOMAC
scores

» Safer treatment: NSAIDs carry significant Gl
and CV risk

2 > FIND NEW THERAPY
WITH VARIOUS TARGETS




- Adherent to plastic

(High expansion /n vitro)

- Immunophenotype — No specific marker

CD31 CD34

Counts
Counts
Counts

CD14 CD45
g g g g
o Q o o
&) ) @) @)

HLA-DR

CD13 CD73

Counts

Counts
Counts
Counts

- CD73*, €D90*, CD105*, (CD13*)
- CD11b7, CD14-, CD19-, CD34-, CD45-, HLA-DR", (CD31", €D106°)

CD105




- Multipotency: ability to differentiate into adipocytes (adipose tissue), osteoblasts (bone)
and chondrocytes (cartilage)




GLOBAL MESENCHYMAL STEM CELLS MARKET OVERVIEW

KEY PLAYERS

> Axol Bioscience

> BrainStorm Cell Therapeutics Inc.
=~ cCell Applications, Inc.

= Celprogen, Inc.

> Cyagen Biosciences

= Cytori Therapeutics, Inc.

=Merck KGaA (MilliporeSigma)
~lLonza AG

=Others

nts due to aging

\_I Source: A

MARKET SIZE
2021

1,715.3 (USD Million)

8.1% CAGR
(2022-2030)

Mesenchymal Stem Cells Market
2018-2030 (USD Million)

1,715.3

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

MARKET BY REGION

2021 ™ North
America
™ Europe

™ Asia-Pacific
™ Latin America

= The Middile
East & Africa

3,412.8

Mesenchymal Stem Cells Market Size - Global Industry, Share, Analysis, Trends and Forecast 2022 — 2030. Healthcare and Pharmaceuticals.

https://www.acumenresearchandconsulting.com/mesenchymal-stem-cells-market. Published 2022



= Stem cell therapy
= Regenerative cartilage
= Cartilage engineering
» Focal defects
= EVs
= Substitute to cell therapy
= iPS
= |n vitro model
= |nfinite source



* MSC > Chondrocytes

e Sources available
* Cell differentiation
* Allo > autologous

S |

Umbilical Bone Adipose
cord marrow tissue

l Isolation /

MSCs/iMSCs

T Differentiation

a s cel

T iPS reprogramming
- factors
Adult cell

e PR

In vitro proliferation
Idifferentiation

!

Intra-articular injection

gah,
%‘
e

Osteoarthritis patient

ﬂ)ifferantlatlon: \
() Adipocyte (fat)

Lo Chondrocyte
[ee/=

(cartilage)
BER v’

Secretion:

Extracellular matrix
Growth factors
Cytokines

%, 2

Zhu C et al. Am J Transl Res 2021



ASC effects on Chondrocytes
Day 7 co-culture

Maumus M, Pers YM et al. Med Sciences 2019
Ter Huurne and Van Lent P et al. Arthritis and Rheumatol. 2012
Manferdini et al. Arthritis and Rheumatol. 2013
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Differentiation
capacities

\

Differentiation in
chondrocytes using
biomaterials

U

Tissue engineering:
Repair of focal defects

7

Immunoregulatory
functions

Trophic functions

Formation B, oe, viocytes
osteophyteﬁjgak ﬁ;.v
Damage L

cartilage 4&=(E‘“fi§%i¥**
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ADAMTS &
Chondrocyte

Chondroprotection and
stimulation of endogenous
repair

To block inflammation
Anfti-inflammatory cell

therapies

4

Application to
osteoarthritis




Pre-clinical data

* OA in goat model [

* ACL resection + menisectomy

* IA injection of 107 GFP* BM-MSC
+ HA at 6 weeks

L0 TR

I
Murphy et al., Arthr Rheum 2003

* Meniscus regeneration for 4/6 goats
(less fibrillation, less PG loss, best cartilage integrity)

* Few GFP* MSC in cartilage

6 weeks

Majority of BM-MSC injection effects is not due

to cell integration on cartilage but to their trophic
activity




lipoaspiration

Intra-articular injections

Syringe, different doses

N “4reehesy

Evaluation: phase 1 trial
safety, dose response

clinical evaluation (WOMAC...)
MRI Gemric,

v
-

o
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ADIPOA
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Adipose derived Stromal Cells for OsteoArthritis treatment. g’
A phase 1 study, bi-centric (Mtp, Wurzburg), dose escalating study

ADIPOA

with autologous ASC in severe knee OA (>3 K/L)

ASC injection
Adipose
tissue
MRI collection Arthroscopy + MRI
v v v v
— 35d - 14d Baseline W1 M1 M3 M6

Pers YM et al. SCTM 2016

\

!

Clinical assessment



» Safe procedure: 4 local skin
reaction in the first month
» Only 2 patients underwent
surgery TKA after one year
follow-up and 55% after 4 years
80 KOOS Questionnaire
70 P M
60
50
40 == ow Dose
30 =@=—Mild Dose
fg =4=High Dose

T T T 1

Baseline 1 Week 3 Months 6 Months

Pers YM et al. SCTM 2016

90 -
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70 -
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40 -
30
20 -
10 -

VAS pain score

== ow Dose
=#-=Mild Dose
=#=High Dose

35 -
30
25 -
20 -
15 -
10 -

SAS score

6 Months

== ow Dose
=#-Mild Dose
—4=High Dose

6 Months

ADIPOA



Pers YM et al. SCTM 2016

DmOMhs Y

dGEMRIC

T, % [ms]

» dGEMRIC index
increase in 3 out of 6
selected patients

» Suggest a possible
structural effect

g

ADIPOA



STem CELLS

TRANSLATIONAL MEDICINE

#-

Human Cumicar Arrici

Intra-Articular Injection of Autologous Adipose
Tissue-Derived Mesenchymal Stem Cells for the
Treatment of Knee Osteoarthritis: A Phase Ilb,
Randomized, Placebo-Controlled Clinical Trial

Woo-Sux LEE ), Hwan Jin Kim, ™ Kanes-1 Kina 9, G1 Beom Kim ™ Wook hin"

Key Wards. Knee » Osteoarthritis » Adipase derived mesenchymal stem coll »
Intra-articular injectian

13 patients assessed for eligibility

9 excluded

8§ not meet inclusion criteria
1 declined to participate

24 patients enrolled

AD-MSC group:

12 patients |

| Nommal Saline group: 12 patients

I 24 patients with 6 months of follow-up I

24 patients evaluated at baseline, 3months and 6 months I

AD-MSC/ Normal Saline intra-articular injection |

l

-4 weeks

I
-3 weeks

Baseline MRI

Randomization
Liposuction

|
I
0

3 months 6 months
1% Post MRI 2™ Post MRI
Clinical F/U Clinical F/U

Wok-Sue Lee et al. Stem Cells Translational Medicine 2019



g STEM CELLS .
TRANSLATIONAL MEDICINE Human Cumicat Arricte

Intra-Articular Injection of Autologous Adipose
Tissue-Derived Mesenchymal Stem Cells for the
Treatment of Knee Osteoarthritis: A Phase llb,

"epartment of Randomized, Placebo-Controlled Clinical Trial

Orthopasdic Surgery,

College of Medicing, ‘Woo-Sux LEE©,* Hwan Jin Kim,™ Kane-iL Kim 2, G2 Beom Kim ™ Wook "

;}".::.TMLW Key Words.  Knee » Ostecarthritis = Adipose-derived mesenchymal stem cell »

W, South Kares; Intra-articular injection

13 patients assessed for eligibility

9 excluded
8§ not meet inclusion criteria
1 declined to participate

24 patients enrolled

AD-MSC group: 12 patients |

| MNommal Saline group: 12 patients

I

[ 24 patients with 6 months of follow-up —I

l

| 24 patients evaluated at baseline, Smonths and 6 months |

| AD-MSC/ Normal Saline intra-articular injection |

-4 weeks -3 weeks 0 3 months 6 months
Baseline MR1 Randomization 1* Post MRI 2™ Post MRI
Liposuction Clinical F/U Clinical F/UJ

A
80
60 p=.0602
40 0 Control
B MSCs
20 p<.0001
0 i .
Baseline 3M 6M
Cc
6
p=.0559
4 . Control
2 B MSCs
p=.0007
0 1
Baseline M 6M

40

20

0

p=.0635

Control
B MSCs

Baseline M 6M

p=.0786

. Control
B MSCs
p<.0001

Baseline M 6M

Figure 2. Changes in the WOMAC score during the 6-month period after intra-articular injection in the MSC group and control gro
Patients with iniection of AD-MSC showed significant improvement in the WOMAC score. Patients in the control groun did not sigi

Wok-Sue Lee et al. Stem Cells Translational Medicine 2019
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Systematic Review

Meta-Analysis of Adipose Tissue Derived Cell-Based Therapy

for the Treatment of Knee Osteoarthritis

Nikhil Agarwal %, Christopher Mak 20, Christine Bojanic 2, Kendrick To 2 and Wasim Khan 2*0

Months

Joint Bone Spine 89 (2022) 105404

C lists available at Sci Direct

Joint Bone Spine

o r.

ELSEVIER

journal homepage: www.elsevier.com

Post-Tx N %A [95% CI]
=1 month 65 —a— 20243570, 4.78]
2 months 44 —_— -37.69[-50.30, -25.08]
Imonths 103 (R -41.84[-5351,-30.17]
6 months 164 —a— -47.04 [-54.43, -39 65)
12 months 138 —— -58 44 [-66 .41, -50.47]
18 months 25 —_— -65.59(-79.86,-51.32]
24months 56 e -62.11 [-72.68, -51.54]
RE Model | ———— -48.02 [-59.16, -36.88]
(Q=34.33, df=6. p<0.0001; ' = 86.8%)
[ | I |
-100 -75 -50 -25 0

Percentane channe in WOMAC score post-treatment

- ke

Recommendations and metaanalyses

Safety and efficacy of adipose-derived mesenchymal stem cells for ) |
knee osteoarthritis: A systematic review and m-analysis 8
Mohamed Gadelkarim*""*, Aya Abd Elmegeed ', Ahmed Hafez Allam‘"', @ O
Ahmed K. Awad*®, Mostafa Ahmed Shehata™', Asmaa AbouEl-Enein?,

Mohamed Eid Alsadek", Mohammad Abo Deeb', Ahmed M. Afifil

JUHIIL DUNIE JPINE O (LULL ] T UMY

Conclusion: In the present single-arm meta-analysis, ADMSCs were associated with significant reduction
in pain and improvement in QOL and knee functions in patients with knee OA. However, double arm
analyses did not confirm these positive findings, which may be returned to the small sample size of
use, more randomized controlled clinical trials with large sample sizes and long-term follow-ups are

l Heterogeneity in the current literature
Risk of bias not negligible

Agarwal et al. Cells 2021
Gadelkarim et al. JBS 2022



Clinical Efficacy and Safety of the
Intra-articular Injection of Autologous
Adipose-Derived Mesenchymal Stem
Cells for Knee Osteoarthritis

A Phase lll, Randomized, Double-Blind,
Placebo-Controlled Trial

Kang-Il Kim, MD, PhD 3, Myung Chul Lee, MD, PhD, Ju Hong Lee, MD, PhD,
Young-Wan Moon, MD, PhD, Woo-Suk Lee, MD, PhD, Han-Jun Lee, MD, PhD,
Sun-Chul Hwang, MD, PhD, Yong In, MD, PhD, Oog-Jin Shon, MD, PhD,

Ki-Cheor Bae, MD, PhD, Sang-Jun Song, MD, PhD, and Kwan Kyu Park, MD, PhD
Investigation performed at Kyung Hee University Hospital at Gangdong, Seoul, Korea

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253



Screened for eligibility (n = 334)

Intervention Ilme Exclusion (n=73)
Enro nt ¥ Withdrew consent (n = 73)

o « ADMSC or ‘
Randomization « Normal Saline

. Participants enrolled & randomized (N = 261
Lipo-aspiration injection P (N )
|
A |
| I I I I Allocated to ADMSC group (n = 131) | Allocated to control group (n = 130)
-4 weeks -3 weeks 0 3 months 6 months
1 21 21 [ fotovun |
* Screening - * Post MRI ST - — ," -
« Baseline MRI « Clinical and o Clinical and Discontinued intervention (n = 6) Discontinued intervention (n = 3)
; Radiological 5 2 ¥ Loss to fallow-up (n = 1) > Participants considered inappropriate
* Preoperative F/U Radiological > Particip idered inappropriate 1o to continue the clinical trial by
medial testing F/U continuc the clinical trial by principal principal investigator (n = 3)
investigator (n = 5)
Evaluation

| Analysis |

pd

Full analysis set (n= 125) Full analysis set (n = 127)

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253



TABLE 1
Demographics and Baseline Characteristics: Full Analysis Set”

ADMSC (n = 125)

Control (n = 127)

Age, y 63.7 + 7.1
Sex, male:female, No. 39:86
Body mass index, kg/m? 26.3 + 3.2
Smoking, No. (%) 7 (5.6)
Duration of osteoarthritis diagnosis, mo 84.1 + 68.1
Symptom duration, mo 1131 = 79.1
Radiologic data

K-L grade 1:2:3:4, No. 0:0:125:0

HKA angle, deg” -3.8 + 5.3

Joint space width, mm 35+ 13
Clinical data

100-mm VAS for pain BT.9-x 171
WOMAC index

Pain 10.7 + 3.3

Stiffness 4.5 + 1.3

Function 39.8 = 94

Total 55.0 + 13.4
KOOSs

Symptoms 55.7 = 15.9

Pain 50.1 = 13.9

Activities of Daily Living 53.7 = 14.8

Sport and Recreation 23.6 = 18.3

Quality of Life 329 + 143
SF-36

PCS 38.0+59

MCS 46.6 + 10.1
IKDC subjective score 385 = 11.7

63.8 + 7.1
26:101
259 + 3.1
5(3.9)
85.7 + 66.5
108.3 = 84.6

0:0:127:0
-3.3 = 4.7
36+15

60.9 = 16.6

11.3 £ 3.2
49 £ 1.5
41.8 + 10.3
58.0 = 14.4

51.7 = 15.9
46.9 = 16.2
50.2 = 17.0
21.5 +£19.0
31.8 = 16.1

37.9 +6.2
45.9 = 9.6
37.0 = 13.1

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253



TABLE 2
Mean Improvements in Primary Outcomes From Baseline to the Follow-up Visits: Full Analysis Set®

Outcome: LMM? or Time

ADMSC (n = 125)° Control (n = 127)° 95% CI of the Difference P Value
A 100-mm VAS on pain
LMM 11.8 (2.9) 6.4-17.4 <.001
3 months 22.2 + 246 13.2 = 23.7 0.6-12.7 030
6 months 25.2 + 246 16,5 £ 23.7 3.0-15.3 .004
A WOMAC
A Pain subscore
LMM 2.0 (0.5 1.0-3.0 <.001
3 months 3.8 4.1 2.7 =38 0.1-2.1 027
6 months 4.3 = 4.0 27 44 0.6-2.7 .003
A Stillness subscore
LMM 0.8 (0.2)° 0.3-1.2 <.001
3 months 14 =+ 1.8 L8316 -0.3-0.5 620
6 months 1.8 =9 1.3+ 19 0.1-1.0 017
A Function subscore
LMM 6.1 (1.7)° 2.8-94 <.001
3 months 13.3 + 136 9.7+ 121 0.4-6.8 030
6 months 15.7 = 134 10.3 £ 14.1 2.0-8.9 .002
A Total score
LMM 8.9 (2.3° 4.3-13.4 <.001
3 months 19.1 + 18.7 136 =172 0.35-9.2 .024
6 months 21.7 + 18.6 14.3 = 19.2 2.8-12.4 002

Kang-Il Kim et al. The American Journal of Sports Medicine 2023;51(9):2243-2253




TABLE 4
Treatment-Emergent Adverse Events in the Safety Set”

ADMSC (n = 125) Control (n = 127) P Value
Patient summary
Patients with TEAE 48 (38.4) 41(32.3) 310
Patients with SAE 1(0.8) 3(24) .622
Patients with fatal SAE 0 0 =>.999
Procedure-related joint pain 3(24) 1(0.8) 337
Procedure-related joint swelling 3(2.4) 0 .198
Event summary
Total TEAEs 72 65
Severity by NCI-CTCAE scale
Grade 1 50 36
Grade 2 22 29
Grade 3 0 0
Grade 4 0 0
Grade 5 0 0
Relationship between the treatment and TEAEs
Certain 0 0
Probable/likely 8 2
Possible 17 2
Unlikely 42 58
Conditional/unclassified 3 0
Unassessable/unclassifiable 1 0
Not applicable 1 3
Result of TEAEs
Recovered/resolved 54 43
Recovering/resolving 16 21
Not recovered/not resolved 2 1
Recovered or resolved with sequelae 0 0
Death 0 0
Unknown 0 0

Kang-Il Kim et al. The American Journal ot Sports Medicine 2023;51(9):2243-2253
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15% of ASCs are detected at 1 month

1,3% at 6 months.

ADIPOA

Maumus M et al. Arthritis and rheumatology. 2013

ASCs are localised in synovial
membrane
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 Several advantages

e produce various ECM for the recovery of
cartilage functions

* release cytokines, growth factors, and
chemokines to drive endogenous MSCs

e combination of MSCs with the engineered
scaffold

* Large cartilage lesions : surgery and
tissue engineering

Clinical therapies MSC-based tharapies

a
Eramiiant

Figure 3. Surgical technique of medial meniscus substitution in the posterior horn with polyurethane implant
enriched with MSCs. (A) Defect size is estimation with a flexible ruler. (B, C) Once the implant is trimmed in

Zhu C et al. Am J Transl Res 2021



A BM-MSCs efficacy compared to autologous !
. chondrocyte implantation ?

MSCs are as efficient as chondrocytes for cartilage repair (n=36) )
» Improvement of patient QoL and activities in sports
» Hyalin cartilage formation (1 year)
» Less graft hypertrophy

e

MSCs can be used as an alternative to chondrocytes for cartilage repair
- reduced costs, better rate of cartilage cell proliferation
- only one surgery
- minimize morbidity at the donor site

Nejadnik et al, Am J. Sports Med, 2010



Mesenchymal Stem Cell Implantation
in Knee Osteoarthritis

Midterm Outcomes and Survival Analysis in 467 Patients

Yong Sang Kim,* MD, Dong Suk Suh,* MD, Dae Hyun Tak,* MD, Pill Ku Chung,* MD,
and Yong Gon Koh,"" MD
Investigation performed at Yonsei Sarang Hospital, Seoul, Republic of Korea

Figure 1. Arthroscopic implantation of mesenchymal stem cells loaded in fibrin glue. (A} An articular cartilage lesion in the medial
femoral condyle was noticed. (B) An accurate debridement of all unstable and damaged cartilage in the lesion was performed. (C)

o8 a8

E ] J
-1 . i

Cumintive Sorvival
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Figure 3. Kaplan-Meier survival curves. Survival rate of groups divided according to (A) age, (B) presence of bipolar kissing lesion,
and (C) number of mesenchymal stem cells.

LADLI &
Comparison of Preoperative and Postoperative Clinical and Radiological Outcomes®

Postoperative
Preoperative 1y ay By R

IKDC score 392472 66.6 + 9.6" 67.2 4 990 66,1497 B2.8 £ 8,50
Tegner score 23+ 1.0 34+09" 3.5+ 09% 34£09 3.2 + 0.90ede
KL grade

Grade 1 189 (39.1) 184 (38.1) 173 (35.8) 164 (34.01™ 159 (32.9¢

Grade 2 204 (60.9) 299 (61.9) 310 (64.2) 305 (63.1)" 293 (60.7)"

Grade 4 12 (2.5 26 (5.4)00

Grade 4 2047 5 (L0t

Kim et al. The Orthopaedic Journal of Sports Medicine 2020



Knee Surgery, Sports Traumatalagy, Arthroscopy

doi.org/10; 02307575 W

" Study LoE Country Study design  QoE score/total

oty Kim et al. Am J Sports Med [18] 3 SouthKorea RE MINORS 17/24

Kim et al. Osteoarthritis Cartilage [15] 2 South Korea PRO MINORS 13/16

Mesenchymal stem cell implantation provides short-term Park YB et al. Stem Cells Transl Med [25] 2 SouthKorea PRO MINORS 1216
clinical improvement and satisfactory cartilage restoration Kim et al. Knee Surg Sports Traumatol Arthrosc [16] 1 South Korea RCT MIS 5/8
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Abstract

Purpose lmplantation of mesenchymal stem cells (MSCs) is a potential cell-based modality for cartilage repair. Currently,
its clinical use largely surrounds focal cartilage defect repair and intra-articular injections in knee osteoarthritis. The MSCs’
implantation efficacy as a treatment option for osteoarthritis remains contentious. This systematic review aims to evaluate
studies that focused on MSCs implantation in patients with knee OA to provide a summary of this treatment option outcomes.
Methods A systematic search was performed in PubMed (Medline), Scopus, Cinahl, and the Cochrane Library. Original
studies investigating outcomes of MSCs implantations in patients with knee OA were included. Data on clinical outcomes
using subjective scores, radiological outcomes. and second-look arthroscopy gradings were extracted.

Results Nine studies were included in this review. In all included studies, clinical outcome scores revealed s@gﬂ
improved functionality and better postoperative pain scores at 2-3 years follow-up. Improved cartilage volume and quality at

the lesion site was observed in five studies that included a postoperative magnetic resonance imaging assessment and stud-
ies that performed second-look arthroscopy. No major complications or tumorigenesis occurred. Outcomes were consistent
in both single MSCs implantation and concurrent HTO with MSCs implantation in cases with excessive varus deformity.
Conclusion According to the available literature, MSCs implantation in patients with mild to moderate knee osteoarthritis
is safe and provides short-term clinical improvement and satisfactory cartilage restoration, either as a standalone procedure
or combined with HTO in cases with axial deformity. However, the evidence is limited due to the high heterogeneity among
studies and the insufficient number of studies including a control group and mid-term outcomes.

Level of evidence V.

Bin Abd Razak et al. Knee surgery Sports Traumatology, Arthroscopy 2023
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» Pericellular Col | coating (PCC) for BM-MSCs enhance the quality of cartilage regeneration

Xia H et al .Stem Cell Res Ther 2018



* Biodegradable

* Biocompatible
* Support chondrogenesis and osteochondral tissue

Physical loading
* Mechanical properties

T Space for tissue regeneration

* Porous structure (nutrients vs adhesion)
* Low immunogenicity
* Antimicrobial activity

Zhao X et al. Frontiers in Bioengineering and Biotechnology 2021



NATURAL polymer

TABLE 1 | Chamoteristics of the autined natural polymers for CTE.

Chitosan

Collagen

Silic

Hysluronic ackd

» Positive: biocompatibility, biodegradability, favour
cell interactions, cell adhesion
» Negative: mechanical properties, shape difficulty

Originating from chitiry;
Linesas restural

Advantages

Bicdegradability, Blocompatibdity

igoricity;

Free amins groups in its
chain;

Slewver degradation rate
Important part of natural caniago
organic materals;

One af the most abundant proteins in

humans and a majer component of
extraooliular matrx

Extracted from Bombyx man cocoon;
A beocompatible materal found as the
com of a siructural protein lber;

Producad from the call wall of brown
algas;

Podysaccharice with regative charga;
A cell-friendly gelation

A dsacchonide unit;

Abundarnt in ihe hurnan body, preasnt
in the ECM of the skin, cartilage, and
lensas

Antimicrobial activity;
Promuoiting chondrogenesis
Biocompatiilty;

Low immunogericity;
Biodagradabilty;

Promaoting chondrogenesis;
Faciiation of cell mgrowth and
ey

Easy processing

Excellant mechancal properties;
Biccompatiiity

Cantrollod bicdegradabiity;
Lower infaction risk;

Eaay processing;

Low immunoganicity;
Biocompatiilty;

High abundance resourcan;
Low prices;

Hegulation of the rflammatory
chamaolkinaes,

Good chandrmogenic polential
Hiccompatiilty:

High hydrophilisity:
Montoxicity;

Elasticity:

Low salubidity;
Low mechancal
etrenglh

Law solubilty;
Lo machanical
strangth;

biodegradation rate

Dielaysd
hypersansitivity;
Irstiater of immune
reactions;

SYNTHETIC polymer

TABLE 2 | Characteristics of the outlined synthetic palymers for CTE.

Biomaterials Symbol  Characteristics Advantages Disad Ref

Polyiglycolic acid) PGA Linear, crystalline Biocompatitility; Raleass of acidic Kiein et al. (2005), Zwangmann
hydrophobic polyester; Awailability; degradation products; ot al, (2007), Nalkao ot al
Semicrystaline polymer; Easy processing; Foor cell adhesion; (2017), Birru et al, (2018)
Insoluble m most organic Composited with other biomaterizls  Fast biodegradability;
solvents Low mechanscal

properties

Polyflactic acid) PLA Polyesterification reaction Biocompatibility, controllable Poar el adhesion Li st al. (2008}, Zwingmann

production of lactic acid; ‘hiodegradability;

Lower crystalinity and Low toxicity and viscosity;

hydeophilicity than PGA; Favorable mechanical proparties;

Four different forms Thermostahility; et al, (2019), Maryc
Thermoplasticity (2020)

Polytethylens ghycol) PEG An amphiphilic polymer that  Biocompatibility; Poor cell adhesion Karim at al, (2018), Ding and Li
cannot be recognized by Biodegradability; {2017}, Cheng et al, (2018),
ther immune system Non-immunogeanic; Cheng H. et al. (2016), Li et al

Promaoting chondrogenesis; (2018}, Wang st al. (2019)
Greal flexibility;
Low polydispersity

Poly-e-caprolactone PCL Semi-crystalline; Biocompatibility; Poor hydrophilicity; Ousema et al. (2012), Souss
A synthetic polyester Biodegradahility; Poor cell adhesion et &, (201 4), Theadoridis at &l
polymer Elasticity; (2018), Venkatasan at al. (2020)

Excellent mechanical properties;
Thermopiastic

» Positive: low degradation, extended lifespan, better
mechanical features, easily design shape

» Negative: acid degradation, weaker cell interactions,
risk of local pH increase, cell adhesion

Zhao X et al. Frontiers in Bioengineering and Biotechnology 2021
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Bone Marrow-Derived Mesenchymal Stem Cell Implants for
the Treatment of Focal Chondral Defects of the Knee in Animal
Models: A Systematic Review and Meta-Analysis

Ernest Lee !, Ilias Ektor Epanomeritakis 240, Vietor Lu ¥ and Wasim Khan **0

Study MRAW 95%-C1  Weight
Wakitani et al,, 1994 - BMSCs —— 120 [084:1.468] B8.2%
Katayama et al., 2004 - COMP1 transfected BMSCs - 100 [082;1.18] 88%
Katayama et al., 2004 - GFP transtected BMSCs - 1.00 [082:1.18] 88%
Kayakabe et al., 2006 - Gel with MSCs. ———a——— 130 [032;228] 3.0%
Kayakabe et al., 2006 - Gel with MSCs and FGF-2 —— 100 [085:135 74%
Fan et al., Sep 2006 - PLGA-GCH scafiold + MSCs [ 030 [0.24,036] 94%
Fan el al., Sep 2006 - PLGA scaffold + MSCs. -] 070 [0.64;,076) 9.4%
Fan ot al., Jun 2006 - PLGA-GCH scafiold + M5Cs B 030 [0.28,032 95%
Fan et al., Jun 2006 - PLGA scaffold + MSCs -] 060 [054:086 94%
Fan et al., 2007 - Undiffarentiated MSC + scaffold = 020 [0.14;0.26) 9.4%
Fan et al., 2007 - Pre-differentisted MSC + scafiold [l 030 (024,036 94%
Li et al., 2010 - BMSCs —— 024 [-0.13:081] 7%
Random effects model —— 063 [0.39;0.87] 100.0%
Prediction interval _— [~0.16; 1.42]
Heterogeneity: I* = 87%, + = 0.1148, p <0.01 T T 1

0 05 1 1.5 2

Figure 2. Forest plot on the mean histological integration score after receiving BMSC implant therapy,
where 0/2 points = both edges integrated, 1/2 = one edge integrated, and 2/2 = no integration. (Abbre-
viations: BMSC, bone marrow-derived mesenchymal stem cell; CDMP1, cartilage-derived morphogenetic
protein 1; GFF, green fluorescent protein; FGF-2, fibroblast growth factor-2; PLGA, poly-(lactic-co-glycolic
acid); GCH, gelatin/chondroitin/hyaluronate; CI, Confidence Intervals) [22,24-25,30],

* High-quality integration was achieved

* Subgroup analysis showed better
integration outcomes for studies
using PLGA

* Limits:
> Cell source

» Implant composition
» MSC characteristics

Lee E et al. IMS 2023



Table 2 Application of MSC seeded onto different types of scaffolds into patients with damaged articular cartilage

Technigque ; Sex; Age (years) Follow-up period (months) Finding Ref.
(mean + 50)

BM-MSC in type | collagen gel T: M (31} 12 Hyaline-like cartilage [as1

BM-MSC within type | collagen 3; 2 M, 1F (32-45) 18 Coverage of chondral defect 73

gel on a collagen scaffold

seaded on PLA scaffold

BMDC suspended in collagen 48; 27 M, 21F 28 = 9) 24-35 Coverage of chondral defect 57

or seeded on HA scaffald and hyperrophic canilage

BMDIC seeded on HA scaffold Hx 12 M BF (2R + Q) 29 +4d Protenglycan and rune Il 1581

supplemented with plateler- collagen

rich fibrin

BMDC seeded on HA scaffold 81; 47 M, 34F 30+ 8) 59+ 26 Hyaline-like cartilage 74)

supplemented with platelet-

rich fibrin

BM-MSC within platelet-rich fi- 5; 4 M, 1F (25) 12 Coverage of chondral defect i7s]

brin glue

BM-MSC covered by 72 3B M, 34F (44 £ 11) 24 Aggrecan and type ll collagen 7a]

penosteum

BMDC with batroxobin 15; 10 M, 5F (48) 24-38 Coverage of chondral defect 771

covered by type I/l collagen

matrix

BM-MSC seeded on type | 22 M (24-35) 30-31 Partial coverage of chondral 78]

collagen scaffold efect

supplemented with fibrin glue

Peripheral blood-derived MSC 5 1 M 4F (391 11) 10-26 Partial coverage of chondral 79

with Ha defect

BMDC within fibrin glue and 1 M; 37 yrs 24 Partial coverage of chondral 201

coverage with collagen and defect

collagen membrane

BMDC in fibrin alue and % 5 M, 4F (484 9) 20-24 Hyaline-like cartilage 811

coverage with a PGA + HA

membrane

BMDC in collagen/platelet 49; 27 M, 22F (28+9) 48 Coverage of chondral defect in 591

paste or seeded on HA or 45%

seeded on HA scaffold

supplemented with platelet

el

Peripheral blood-derived MSC A% 17 M, 32F (374 7) 24 Partial coverage of chondral (R[]

and HA

lefect

BM-MS5C bone marrow-derived mesenchymal stem cells, PLA polylactic acid, HA hyaluronic acid, PGA polyglycolic acid

» Heterogeneous integration
» Few studies available

Yamagata et al. Inflammation and Regeneration 2018



Clinical and Magnetic Resonance Imaging
Outcomes After Human Cord Blood-Derived
Mesenchymal Stem Cell Implantation

for Chondral Defects of the Knee

* CARTISTEM (Medipost)
* Retrospective study

Jun-Seob Song,* MD, Ki-Taek Hong,* MD, Na-Min Kim,* MD, Byung-Hun Hwangbo," MD,
Bong-Seok Yang,* MD, Brian N. Victoroff,5 MD, and Nam-Hong Choi,"! MD

Investigation performed at Nowon Eulji Medical Center, Seoul, Republic of Korea

* Large lesion (>4 cm?)
* Located in medial femoral condyle

IKDC VAS WOMAC
636 o

* Excluded other compartment lesions - = ..
* hUC-MSC + HA (+/- meniscectomy) °

* 85 patients - Y ==
» Significant improvement in all PRO scores

» MRI follow-up show repaired cartilage
hypertrophy without correlation with PRO
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Song et al. The Orthopaedic Journal of Sports Medicine 2023



[ lceslHn =

& hTMSCs

Multi head tissue/organ building
7 system  for  regeneration  of
-/ osteochondral defects

Shim, 2016, Biofabrication



3D Print

Print cells isolated from
different zones

Print layered scaffolds
using multiple materials

Strategy Two




||20 mm square
||Osteochondral block
. /|lcentered over defect

Indentation test ‘

Hystology, IHC ‘




Vesicle

Microvesicles

Apoptotic
bodies

Characteristics

Origin Size

Endolysosomal  40-120nm
pathway; intra-

luminal budding

of multivesicular

bodies and

fusion of

multivesicular

body with cell

membrane

Cell surface; 50-1,000nm
outward

budding of cell

membrane

Cellsurface; 500-2,000nm
outward
blebbing of

apoptotic cell
membrane

Markers

Tetraspanins
{suchas
TSPAN20 and
TSPAN30),
ESCRT

components,
PDCDsIP,
TSG101, fletillin,
MFGES

Integrins,

: ins, CD40
ligand

Extensive
amounts of
phosphatidyl-

serine

Contents

mRNA, microRNA
(miRNA) and other
non-coding RNAs;
cytoplasmic and
membrane proteins
including receptors and
major histocompatibility
complex (MHC)
molecules

mRNA, miRNA,
non-coding RNAs,
cytoplasmic proteins and
membrane proteins,
including receptars
Nuclear fractions,

cell organelles

ESCRT, endosomal sorting complex required for transport, MFGES, milk fat globule-EGF factor 8 protein;
PDCDEIR pregrammed cell death & interacting protein {also known as ALIX); TSG101, tumour susceptibility
gene 101 protein; TSPAN29, tetraspanin 29.

Antigen || Cell
presentation | | signalling
Target cell
mRNA
m'G

i | miRNA : Frme]nl Antlgen

e @ €

Nature Reviews | Drug Discovery
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‘ BM-MSC-derived MPs and Exos protected mice from osteoarthritic damages in the
collagenase-induced OA model.

Cosenza S et al. Sci Report 2017
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= Exoskeleton
= Help rehabilitation or restore mobility with less pain
= Bio prothesis (TKR, THR)
= Promote better bone integration
= Avoid infections
= Longer-life

= The bionic leg...




= Military context




= Honda Walking Assist (HWA) is a hip-wearable exoskeleton robot for
gait training that assists in hip flexion and extension movements

A B

a)

Control computer and
Battery in the back frame.

Angle sensor and motor on
* both sides in the hip joint
F—n

Thigh frame and
femoral cuff attachment

Figure |. A, Gait training with the Honda Walking Assist (HWA)® device. B, The mechanism of knee flexion during the swing phase due to hip
assistance using the HWA device. The HWA assistance has the effect of lifting the thigh (red arrow) during the swing phase (b and c), thereby
promoting knee flexion (blue arrow).

Koseki K et al. Geriatric Orthopaedic Surgery 2021



= To evaluate the effects of walking exercises with HWA in patients who
underwent total knee arthroplasty (TKA)

Table |. Preoperative Baseline Characteristics of the Patients.”

Characteristics Honda group, 10 patients (1| knees) Control group, |1 patients (! | knees) P value
Age 71.8 + 6.2 759 & 69 467
Sex Male/Female 0/10 1710 1.000
Weight (kg) 64.9 + 103 595 + 103 .988
Height (cm) 148.7 + 7.2 1474 + 7.8 855
BMI (kg/m?) 294 + 5.0 274 + 46 785
Disease OA/RA 91 1071 1.000
TKA operated side Right/Left 6/5 417 670
Contrateral side TKA 3 3 1.000
WOMAC-p score 459 + 193 60.9 + 21.9 631
WOMAC-f score 655 + 22.2 694 + 129 064
Physical therapy time during intervention (h) 34.1 £+ 65 355 + 89 674

period (Including HWA training)

Abbreviations: BMI, body mass index; OA, osteoarthritis; RA, rheumaroid arthritis; TKA, total knee arthroplasty; WOMAC-P, Western Ontario and McMaster
Universities Osteoarthritis Index subscales of pain scores; WOMAC-f, Western Ontario and McMaster Universities Ostecarthritis Index subscales of physical

function scores.
*Values are expressed as numbers or as mean + SD.

Koseki K et al. Geriatric Orthopaedic Surgery 2021



= Asignificant difference between preoperative and week 2
= Self-selected walking speed (SWS)

= Maximum walking speed (MWS)

Table 3. Walking Ability in the HWA and Control Groups.

Honda Control

Mean + SD Mean + SD p value® d°

SWS (m/s) Preoperative 1.04 + 0.22 1.09 + 0.20 586 0.24
Week2 096 + 0.17 0.70 + 0.29 022 1.09

Week4 L3 + 025 1.00 + 0.26 /.260 0.51

Week8 119 4 023 .04 + 0.19 107 0.71

MWsS (m/s) Preoperative 1.30 + 0.32 .36 + 0.20 .583 0.23
Week2 1.20 + 0.21 0.90 + 0.35 025 1.04

Week4 .40 + 0.33 123 4 0.25 403 0.58

Week8 .46 + 0.29 .44 + 0.21 B213 0.08

Koseki K et al. Geriatric Orthopaedic Surgery 2021



* Occitanie funding: innovative regional platform Sﬁiﬁ"i“g“i g m

* Coordination: Pr C. Jorgensen
* Organization:

Mobility Tissue Engineering Robotic

e Development of new * Bionic, exoskeleton
therapies based on e A. Khedar

e Analysis and
modelling movement

CARTIGEN for better tissular Engineering
;ﬁ’i‘?ﬁ;}“re management and 3D bioprinting

o |. Laffont e D. Noel




* Isokinetic  Grail (virtual reality)

Contrex (Appareil isocinétique) Grail (Laboratoire d'analyse du mouvement en immersion)

* MRI (ESAOTE)

IRM Gscan (Imagerie dynamique)







* Equipment:

/ CARTIGEN . {4 - Lot Showbder
To Restore " - S
Mobility v

* 17 inertial sensors allowing to estimate

e XSENS-Awinda

the orientation, speed and acceleration
of the different members of the body S—

Yy Right Foots Toe
i~ Right Foot
F— Right Toe




Objectives

—To provide an objective measure of motor behavior compared to
subjective questionnaires

— To Facilitate clinical assessment (future important therapeutic goal for
follow-up



Methodology

7 Movements

Simple movements :
flexion / extension

More complex
movements : right-
left rotation / picking
up an object /
standing-sitting /
walking




Methodology

Exploratory study
Recruitment: 15 patients with LBP and 15 healthy subjects

Inclusion criteria: Common LBP evolving for at least 3 months between 18
and 65 years old with a BMI between 18 and 30

Exclusion criteria: history of lumbar fracture or pelvic surgery, severe
scoliosis, neurological or inflammatory pathology.

Matched with sex, age (+/- 5 years) and BMI ( +/-1)



Results
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Results

Vitesse Angulaire (*/s)

2. Maximal speed
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Results

3. Fluidity analysis

Speed profiles
Healthy

Amount of saccade (acceleration/deceleration)

Flexion Extension Flexion
Fluidity Flexion Speed Veical_Pelvis Flexion/Exension  Fiuidny Extensen Speed Vertical Pelvis Flexen/Extensian Fluidity Fiexinn Spes Vertcal_Pelvis Fledon/Exiensson
40
a q @0
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@ . - «  Pelvis
2 w0 i
= = =
] v 0
Healthy LeF Healthy Lap

Post Pré

Fluidity Flewon Speed Vertical_T8 Fleion/Extension
Fluidity Flexion Speed Vertical TH Flexion/Extension Fluchty Extension Speed Vertical_ T8 Flexicr/Exlension

o 30

25 B0

B0

T8 T8

A 40

w ” ) 18
10 B ) Ij

20

: - 0
Hejhy LBP Heaalthy Lap Post Pré

3-4 X more fluid after Rehabilitation



Conclusions

- Confirm some parameters described in the literature

- Identify new indicators such as fluidity

— Correlate the kinematic results with the results of the questionnaires



= Bio prothesis (TKR, THR)
= Promote better bone integration
= Avoid infections
= Longer-life




= Bio prothesis (TKR, THR)
= Promote better bone integration

= Avoid infections
= Longer-life




= Titanium-based scaffolds are widely used implant materials for bone
defect treatment

= |nsufficient bone integration
= Unmatched biomechanics

= Poor bioactivities of conventional titanium based implants

= (Critical to develop novel titanium-based scaffolds

Ma et al. Bioactive Materials 2021



Bioactive Materials 6 (2021) 3437-3448

Contents lists available at ScienceDirect

Bioactive
Materials

Bioactive Materials

F

=

EFLSEVIER journal homepage: www.sciencedirect.com/journal/bioactive-materials

Biomimetic Ti-6Al-4V alloy/gelatin methacrylate hybrid scaffold with

enhanced osteogenic and angiogenic capabilities for large bone
defect restoration

Limin Ma afll , Xiaolan Wanga":’l? Ye Zhou ™', Xiongfa Ji“, Shi Cheng", Dong Bian ", Lei Fan ",
Lei Zhou® , Chengyun Ning“ , Yu Zhang ™

Ma et al. Bioactive Materials 2021



» Ti—6AI-4V alloy (TC4)/gelatin methacrylate (GelMA) hybrid scaffold with
dual bionic features (GMPT) for bone defect repair

* Goal: mimics microstructure, mechanical properties and environment

W Extraceliular matrix © 5 GleMA matrix « Osteoblast cell
=3 Qld vessels ==%x=  New bone # Ostaoprogenitor cell
. New vessels <= TC4 Scaffold @ Osteoclast cell

ECM mimetic GelMA matrix

Cancellouse bone mimetic
TC4 scaffold backbone

Natural bone Biomimetic GMPT

Ma et al. Bioactive Materials 2021



= GMPT demonstrates better osteogenic and angiogenic capabilities than PT

QH. a
* + + -l- PT

TMSPMA

3D print:ng polymerization

= Physically attached GMPT
b e g e Physically attached GMPT
1

GM “ G GMPT ,

d t

Ma et al. Bioactive Materials 2021
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= GMPT in vitro and rabbit radius bone defect experimental results
= RNA-Seq analysis via the Pi3K/Akt/mTOR pathway

d uCT analysis BMD analysis
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Ma et al. Bioactive Materials 2021



Osteogenesis Angiogenesis
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Bone regeneration & healing

Zhu et al. Mat Advances 2021 AN e NN oew : Osseoiniegration



Zhu et al. Mat Advances 2021

Inflammation TURN-ON Inflammation TURN-OFF

Mg secrete cytokines Osteoblasts Secrete ALP
(Dynamic Regulation)
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= The bionic leg...




No electronics or
Ssensors or magnets,
just a simply-shaped

spring that stores

energy and uses it




https://www.youtube.com/watch?v=kaFiwC1xh2Y

/




= Epidemiology in expansion: young people +++

= Prevention for post-traumatic OA +++

" Find new biomarkers (mobility) less subjective than pain
= Personalized medicine

= Non-pharmacological approaches: bionic to strongly reinforce
rehabilitation and exercise/physical activity

= Joint surgery more accurate, more “biologic”, less complications
" Find futures therapies with a structural benefit



* CARTIGEN Engineer : Gilles Dusfour, Gautier Desmyttere

* CARTIGEN steering committee: | Laffont, D Mottet, S Perrey, M Julia,
C Jorgensen, AL Bonnefont, A Dupeyron, S Kremer

» Team “Rachis”: A Glintzbeck, | Tavares, A Dupeyron SW g m
* Sport medicine : M Julia

* Other ongoing projects

* Ankle OA Mobilty
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