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in NIH3T3 cells cultured on the collagen and the fibronectin surfaces because the
ECM environments are already provided to cells at the initial contact stage. At48 h
culture, the expression of TGFBI reflected the same low level on all surfaces used
for this study. From this result, we infer that the environments around the cells cul-
tured on the fibroin surface show similar conditions by accelerated production of
ECM proteins with other surfaces. This inference will be supported by results of
cell-proliferation studies for these surfaces. Figure 5 shows that the growth curve
of NIH3T3 cells on the fibroin surface is identical to that of cells on the collagen
surface and on the fibronectin surface. This result demonstrates that the cells on the
fibroin surfaces can proliferate well, just as they do on collagen and fibronectin sur-
faces. The ECM environment around the cells is formed by cultivation for longer
than 48 h.

The mechanisms related to interactions between the silk fibroin surface and cell
behaviors described as a result of this study remain unknown. A heavy-chain protein
of the fibroin, which is the main component of silk fibroin molecules, has a primary
amino acid sequence as a block copolymer structure that will enable production of
both hydrophilic-hydrophobic and crystalline-amorphous domain structures in the
coating surface [34, 35]. This characteristic structure of silk fibroin might present
specific surfaces to cells. We are proceeding with our research to elucidate those
mechanisms, which we will report in the near future.

5. Conclusion

Silk fibroin can provide a specific surface that supports high cell mobility and up-
regulation of TGFBI expression at an early stage of contact with cells, thereby
accelerating ECM production, wound healing and tissue construction. This charac-
teristic of silk fibroin material makes it useful as a cell scaffold for use in tissue
engineering.
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The outermost surface properties of silk fibroin
films reflect ethanol-insolubilization conditions
in biomaterial use
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Introduction: A variety of excellent material properties encourages a
lot of researchers in studying silk fibroin as a biomaterial. Silk fibroin
films are known to show specific interaction with cells cultured thereon.
Cells cultured on silk films or hydrogels typically form their spherical
shapes and micro-aggregates. However, nobody still has elucidated the
mechanism, nor succeeded in controlling the surface properties of silk.
In this study, we analyzed silk films and found the factor that can pro-
vide different surfaces to cells. The conclusion of this study may give a
new possibility and evolution of application of silk.

Materials and methods: Degummed silk threads were kindly donated
by Dr. Chiyuki Takabayashi at NIAS, Okaya, Japan. The threads were
dissolved in 9 M lithium bromide solution and then dialyzed against
reversing osmosis (RO) water. Glass substrates ware spin-coated with
the silk fibroin solution of 1% and then as-prepared films were
immersed in ethanol solutions with various concentrations at 25°C for
24 hours. The treated films were rinsed with pure water and then sup-
plied to analyses and cell culture tests.

Results: Table 1 summarizes the results of analyses including static and
dynamic contact-angles and zeta potential at pH=7. The results of con-
tact-angle measurements showed that wettability of the surface
increased with decreasing the ethanol concentration. The absolute
value of the zeta potential decreased with decreasing the ethanol con-
centration. Cells on the surface treated with 80% ethanol formed aggre-
gations. By contrast, on the surface treated with 90% ethanol, cells
artached individually and expanded, which morphology was similar
with the morphology on a glass surface (Fig. 1.).

Table 1. The summary of analysis results of silk films.

Ethanol concetration, vol% 70 80 90

Static contact angle, deg. 47.7 47.7 583
Dynamic contact angle hysteresis, deg. 35.5 30.6 29.9
Zeta potential, mV —-264 -308 -31.8

Figure 1. The Fibroblast morphologies cultured for 24 hours on silk sur-
faces treated with 80 vol% (a) and 90 vol% (b) ethanol solutions. A
glass (¢) was used as control. The cells were fixed with methanol and
stained with Giemsa solution.

Discussion and conclusions: The results of surface analysis led us to the
following interpretation: there is a hydrating hydrogel layer as the out-
ermost surface of silk films, and the thickness and the stiffness of the
layer can be controlled by changing the ethanol concentration during
the treatment. Cellular morphologies on the silk surfaces also support
this conclusion.

© 2014 The Authors.
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Introduction: Regenerative medicine is a high-porential sector of strate-
gic developments in medicine and health industry. The potential to
make curable diseases up to now destined to medical treatments of
long duration and limited effectiveness and the possibility of replacing
organs transplantation make regenerative medicine of very crucial
importance.

The difficulty of ex vivo expansion and complexity of current Good
Manufacturing Practice (¢GMP) requirements for expanded cells lead
to develop MSCs autologous strategies. Adipose tissue contains cells
with phenotypic/transcription profiles of human mesenchymal stem
cells (hMSCs) and pericytes. The availability of a minimally manipu-
lated, hMSC/pericyte-enriched fat product would have remarkable bio-
medical and clinical relevance’. We aimed at developing a new fat
tissue product ready for autologous use and suitable for allogenic set-
dng.

Materials and methods: An innovative system (Lipogems®) allows to
obtain a non-expanded and ready-to-use microfracrured fat tissue, pre-
serving the niche, hMSCs and pericytes, starting from minimum quanti-
ties of lipoaspirate (even less than 10 cc). Lipogems works simply
through minimal mechanical stress in a completely closed system,
avoiding use of enzymes and any other additive, eliminating problems
related to enzymatic digestion and other manipulations®,

Results: The non-expanded Lipogems® product shows a remarkably
preserved stromal vascular fraction (SVF) with slitlike capillaries
wedged between adipocytes and stromal stalks with evident vascular
lumina. Immunohistochemistry and flow cytometry showed that Lipo-
gems"-derived SVF (LD-SVF) harbored a significantly higher percent-
age of mature pericytes and hMSCs, and lower amount of
hematopoietic elements, than enzymatically-digested lipoaspirates. Dif-
ferently from lipoaspirate, the distinctive traits of fresh LD-SVF were
not altered by cryopreservation®. In culture, the Lipogems product
yielded a highly homogeneous hMSC population, committable to osteo-
genic, chondrogenic and adipogenic lineages.

Discussion and conclusions: Lipogems® may pave the way to novel
approaches and paradigms in the rescue of diseased tissues, within the
context of both personalized (autologous) and large-scale (allogeneic)
regenerative medicine.

Disclosures: Prof. C. Tremolada is owner of patents and president of
Lipogems International srl Prof. C. Ventura is a member of Lipogems
International srl All other authors have nothing to disclosure and
declared no potential conflicts of interest with respect to the research,
and publication of this article.

References

1. Tremolada C, Palmieri G, Ricordi C; Adipocyte transplantation and
stem cells: plastic surgery meets regenerative medicine. Cell Trasplanta-
tion 2010; 19(10: 1217-1223

J Tissue Eng Regen Med 2014; 8 (Suppl. 1): 207-518.
DOI: 10.1002/term.1932



232 (16}

B ERER FE RO BIR LR EE

P R

ROR PR F RIS R . () 3%

BH  MERBEELTOMMETH Y, HRSEEDICZ LI E» s, LHEEOBEIEAROWTRE
ELTEBES Ly, HEE BT A2 HEERE LT, 1994 12 BRECE A& S o sic
GRS 5 AR GARBRA O TERISH Sz Lo L, JoFERREHRE R
AHPEHEFAHEL-ABEBETATHR L0 2 MOFHEEL, ERSHENLEHEAREVE V) FBEL
AHhH. 51T, BHICHCA W TSN GERER) OEFEE L VBIT A0, BHEWE
MBI RS S, INLoBBEEARIRT L7010, o5 —4 R 88HE, EERLEEATTHEZ E
DREBRE, HEHE L DRI L - MR BHE, embryonic stem cell (ES#I#2). induced pluripotent
stem cell (IPSHIE) 2 XOEHEEZFE TS, 2 EEERUREIFLINTE. ABTIE. 5Lk
BEHAEEROBRIIOVTRAT 2 L 01, MHCHIEREPOF 7 1 704 v &2z #EEERC

DERMATA.

RIESFE 61(5) 1 232-237, 2014

REIAE  HERE, BEER BREENEHRBMES, dgI®

BEHggE I Mas—r 7T ard 7y h i
BEERANBAMEEAEEETH ), BN ERE O B
W7 &, PSR EE 2B #z#H-o Twa. Ll
SEMEETH ST, FMlEEEIRCI LR E2S, |
CBHERENCZLWHETH S, LS EHEFEREG
BT HT Liandl, o EEOMERGEEIZLBEN
HEZIESREITILEPMENTHD. 0z, BilE
BEHBME LTRSS BHEENRKALNATE L.
BETOFELISE D EH» S ORNERMIEELT RS
Drilling "% Microfracture #:71%, i J7 15T, L
By BAF BRSO RTw A, L, Sgs L
TOBETH S0, WTHRE Th5HIEHEEE & X
A&, JIFRYEREE, WEREMEE LICH D, RN
TERW,

R T L AEMMCBEET AT HWELT,
FEME AL HEHEO W2 N TRET 5% (A
REHRBERHA, mosaicplasty”) %, HFEECE MM T #4

CTHER# LM S BICRIBII BT s i (BE
e S B, autologous chondrocyte implantation :
ACD #RZEEh7-Y. ACTIEBFREIC X 2 HEN YIS
TELEMBHETHL—FT, BENRZRNT 2FF
LR LA BT AN ED 2 HMOFHEET
BEGHIMEES DL, S50, BT LEL
TAHEIELD, MBS IS THEL LI HIE
BT 7, BHICHOAHREHEEIFECEERO
EEHE GEWEH) LR 5720, BHETRERHE
HIIZBERYH 5. AFTIE, ACCOBREZLTIC, B
EHFTHN T L EEEEFRH BB DWTEHRT A,

BREEN SRR ENT
(autologous chondrocytes implantation : ACI)

Petersonetal (T 19874 X D A v =2 —F /1 IZ BT
ACIOBIERHAZRE L. BHEOENERL V42D
MEHE 2L, BEEcHREHEE s, KRIBEIC

FoR5-8741 FHEBL{E Al PARE 5641
Z 204 ESH 25 H

WIESESME #6185 WM4EIHIH
ISSN 0040-8670, CODEN: TOIZAG

SIS SR MR - 2014 45 90

Presented by Medical*Online

82



B AEEROBIR 2 TR

Cartilage
defect

Harvest cartilage fro
non-weight bearing
site

Injection of cell
suspension

Coverage of
defect by
periosteum

Chondrocyte culture
(8 weeks)

Fig. 1

Table 1 Comparison of mosaicplasty and ACI

Mosaicplasty ACI
Defect size 1.0-40 cm? 2.0-12.0 cm?
Number of procedures 1 2
Periosteum Not required  Required
Harvest site Large Smail
Pain at donor site 3% 0%
Osteochondral defect Acceptable Bone graflt needed
Cell culture facility Not required Required

ACI autologous chondrocvte implantation
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Fig. 2 Autologous chondrocyte implantation (ACI) for
local defects and fibroin coverage for large defects.
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Present Status and Future Direction of Regenerative
Medicine for Articular Cartilage

Koichi Nakagawa
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ABSTRACT: Because hyaline cartilage has a poor intrinsic capability for self-repair, there is no estab-
lished method to repair a large full-thickness defect in articular cartilage. Cultured autologous chondrocyte
implantation (ACI) was first used clinically in 1994. However, ACI is a two-step laboratory-dependent proce-
dure that is costly and has a high risk for contamination. In addition, only a limited number of cells are avail-
able for implantation. To solve these problems, researchers have attempted to use scaffolds of many types
(collagen, polysaccharide, and artificial bioabsorbable materials). Considerable recent attention has focused
on stem cells, including autologous mesenchymal cells, embryo stem cells (ES cells), and induced pluripotent
stem cell (iPS cells). This review describes the current status and future direction of regenerative medicine
for articular cartilage.
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