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Knee meniscus

Shape and composition

= Semi lunar shape
« Fibro-cartilage
- meniscus cells
- collagen and proteglyan:

Function

» Weight bearing

» Shock absorption
« Lubrication

« Stability.

» Proprioception

Medicine for Sports and Performing Arts, Osaka Univ. Graduate School of Medicin



Problem of meniscus injury

v Low healing potential
v Lead to OA

Fairbank T. J. JBJS 1948
Tapper E. M. et al. JBJS 1969
Henning C. E. et al. Clin Sports Med 1985

“Preserve Meniscus
as much as possible ”

rts, Osaka Univ. Graduate School of Medicin .
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Operative Arthroscopy 2nd ed.
Lippincott - Raven 1996
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Meniscus REGMED (Regenerative icine)

Transplantable/
Proliferation durable

) i 3D-tissue ex vivo
Differentiation o ) 0o

OO0
SO0

Cells

Meniscus cell

Stem cel (Growth factors,

Cytokines, etc.)

Biomechanical
stimulation

FHcH B ER KEIENRA T FITHE (1541061)
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RETZ D th
19%

PEE, JOSKAS 2013

Types of meniscus tear and Treatment

C = R - \
Longitudinal | ') pucket <7 ) | ma  Repair EH
/ tear
Horizontal \ W /) el ; - 7
7 Q J <
— —— “Challenging Rep:
[N C \ Procedures”
Radial ) )\ T A - 7
C // < / //
Flap tear ,U - ?
“Regenerative Medicine”
Discoid ey 2 DY ? RECHED
meniscus N S / Q bnd
tear ‘ g
Vs -
Complex ) > /“ -»> 7
Nakata K, etal OS NOW Instruction 2009
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hPMC (human Primary Meniscus Cell)

Development and characterization
Nakata K. et al. Connective Tissue Res 2000,
Nakata K., et al. CORR 2001
1 3 different cell types

Fibroblastic cell
Small round cell
Polygonal cell

(1) cartilage
Colll Aggrecan Col X
4 7

oays 14 7 14 7 1
Mu‘.m==-
Articular
chondrocyte
Rib
chondrocyte

Coll Colll GAPDH

Days 1 4 7 1 4 7 1 4 7
Meniscus cell =-=
o | |
chondrocyte
Rib
-

(Nakata K. et al. CORR 2001) 1

(Nakata K. et al. Connective Tissue 2000)
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ECM REGMED for Meniscus Ovaa ¢

@ Allograft meniscus
4 Tendon autograft

Biocompatible, biodegradable materials

@ Copolymeric collagen scaffold

(CMI, Menaflex, ReGen)
Stone KR , Rodkey WG. AJSM 1992
Rodkey WG, JBJS 2008
Monllau JC Arthroscopy 2011
Zaffagnini S, MarcacciM AJAM 2012

@ Polyurethane (Actifit, Orteq) if:’ -

de Groot JH Biomaterials 1996 . 3 '\‘&‘: 4
Verdonk P, AJSM 2012 ) a4

Efe T, KSSTA 2012
Baynat C, Orthop Traumatol Surg Res. 2014
Initial Biomechanichal Property
Spencer SJ, Knee. 2012

Medicine for. Sports and Performing Arfs,
Osaka Univ.

Mechanically—reinforced Atelocollagen
“Mighty® ” (koKEN, JAPAN)

Bovine skin Type I Collagen Stress-Strain curve
Scaﬂcl‘d only

© -
Removal of te]opept]de 5 | menisc s(fsmursld}\/

(Atelocollagen) 3 Imnﬁia\}
y : 7
/

Y

Stress (kPa)

Lyophlizaed X2 ! 7
\ P 7]
§ /]

Cross™linked

Mechanical stiffness Pa—

(Patemt #4915693 2012) Strain (%)

v Inter-conncted pore
— cell infiltaration
v Same stiffness as meniscus

3-D tissue and Mechanical stress

Catabolic Catabolic
(osteoporosis, sarcopenia® Anabolic (Stress fracture, OA)
(Growth)
|
|
|
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Atello-collagen

Collagen molecule

Osaka U

Filaments

Atello-collagen

v High homology in a.a. composition among species
v' Low antigenisity

EWETRR
. BEDHEAF—7 scaffold
(2. 35—7viBdkeEMARERN S RTHRRM

B EE)R B RiER
(B4R, ¥ AR,
BB, BF4M. ete)

¥
29—V BBERT

35— Scaffold{&TE

|

=R HREE
(HPHREERHD)
(KIRRFERNEGZR) (Nakata K., et at. Clin Orthop Rel Res 2001)
(Nakata K., ICRS 2005)
(Murai Y., Nakata K. et al. JOR 2007)
(Akamine Y, Nakata K et al. JOMS 2012)
(Shimomura K, Nakata K et al. BJR 2014)
EHEMS

1. AR DEED HSH25—4 scaffold
2. 254 Atk MRE AL =S RITHEE
[ 3 ERANFAFEELEBOMRE )

ERRUIZ.

(PCT/JP2008/052099)

CLS-4J, 79/Ea—#t
v RRIBAZHEEE (0-50kPa) (Muroi Y., Nakata K. et al. J DR 2007)
(Nakata K, Akamine Y. et al IRICT 2009)
v %Yy 7))L EEAGINIE (Shimomura K, Nakata K. et al ICRS 2010)

(Akamine Y, Nakata K et al IJOMS in press)
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Morphology, Proliferation, and Apoptosis after 3-D Cyclic Load Stimulation

(ng/scafold)

DNA content

T2

OkPa__ 10kPa _ 30kPa

Lo = v

0kPa_ 10kPa_ 30kPa

T

b apoptotic cells

Fig.5. DNA content of 3D construct
and ratio of TUNEL positive cells. n=3

(Muroi Y, Nakata K et al. 2007 JOR)

CLS did not alter proliferation
nor apoptosis
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Cells attached to collagen sacffold
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Osak
Discussion " ’
Effectiveness

v Gross appearance
v Tissue quantity
v Tissue quality

Atelocollagen > Fibrin clot > Defect

Stress-Strain curve
N seog oy

Macroscopic evaluation
}- Histological evaluation

Features of Atelocollagen
v Inter-conncted pore
v Same stiffness as meniscus

@ To support cell infiltaration during remodeling process after
implantation for 3 mos.

4 To maintain tissue integrity of the surronding of the defect

F BRI, BRUAFEFICKD IL-6, IL-8, PGE2EA

p <0.01

B B R
T ———
U O ROWEES SR T,

ogm)  MMP-3
150

24 h after cyclic loading
(n=6)

0 * p<0.05
OkPa  20kPa  40kPa Okba  20kPa  40KkPa
(Akamine, Y, Nakata K 1JOMS 2072)
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Feasibility Study of Atelocollagen Material | mm——
using Porcine Meniscus Model ®
i

Materials & Methods

@®5mm punched-out defect
In an anterior segment of med. meniscus

18 defects in 9O pigs
press-fit fixation

v Atelocollagen (n=6)
v Defect (neg. contl) (n=6)
v Fibrin clot (posi. contl) (n=6)

Evaluation @ 3 mos. after implantation

Medicine for Sports and Performing Arts, Osaka Univ. Graduate School of Medicine
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