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Collagen-phospholipid polymer hybrid gel designed for artificfal blood vessel
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'Division of Biofunetional Molecules, Institute of Biomaterials and Bioengineering,
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3-7-1 Fujishiro-dai; Suita; Osaka 565-8565, JARAN
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Introduction: Collagen is often applied for diverse
biomaterial, especlally for cell related products, for its
many advantages. However, use of collagen should be
considered very carefully for its high thrombogenicity and
low mechanical strength [1]. In order to use collagen as a
artificial blood vessel, prevention of grafl failure resulting
from thrombus formation, and réinforcament of physical
and  mechanical properties is  required.  2-
methaeryloyloxyethyl phosphorylcholine (MPC)-collagen
network gel was developed. MPC polymer is a well-
known material for its blood compatiblity and being
applied in biomaterial field in various form [2]. In this
study, we prepared a collagen hybrid gl using MPC
polyimer.and collagen by immobilizing MPC polymer on
the collagen gel surface and characterized the physical
properties of this gel.

Methods: Collagen was made info film and was cross-
linked by immersed into the 0.05M Zanotpholineethane
sulfonic  acid (MES) buffer (pH 9 N3-
dimethylaminopropyl)-V-ethylearbodiimide (EDC) and
N-hydroxysuceinimide (NHS) for 4 hous at 4°C. And
then this gel was immersed into MES buffer containing
EDC/NHS-preactivated poly[2-methacryloyloxyethyl
phosphorylcholine (MPC)-co-methacrylic acid] (PMA)
and immobilized PMA on the collagen gel to make a
collapen hybrid gel. To inerease the mole ratio of PMA
immobilized on the collagen, EDC/NHS activated PMA
was re-added fo the collagen hybrid gel and fmmiobilized
under same condition as written shove to make a double-
immobilized collagen hybrid gel (DIC hybrid gel). X-tay
photeelectron spectroscopy (XPS) and Scanning electron
microscope (SEM) was used to characterize the surface of
the hybrid gel. Swelling ratio and free amine group
analysis was used to characterize the cross-linking
efficiency. Collagenase was used to measire the stability
of ‘collagen lybrid gel apainst depradation. &nd cell
adhesion test was executed (o chareterize the cell
compatibility of the collagen hybrid gel.

Results / Discussion: PMA was suceessfully immobilized
ot the surface of the collagen gel. XPS result showed that
the phospholipids group was mainly deposited on the
surface of the collagen gel. And when the swrfice
morphology end the razor-eut surface was observed by
8EM, the surface became much smooth compared to that
of uncrose-linked surface. The razor-cut. surface showed
that ‘the porows layer, indicating collagen layer, was
placed between non-porous layers of PMA. This impliss
that the collagen hybrid gel would be phase separated,
with PMA layer totally covering the collagen gel,

The free amine groups exist in the microfibrils was
about 60%. The percentape of umreacted amine group
decreased nitichiitm 20% whep the gel iy cross-linked
once again by same procedure. The cross-link of the
collagen gel using EDC and NHS is known stop reacting
after 1 hour [3), but the re-sofivation of earboxylie group
by EDC and NHS made the collagen 1o cross-link with
PMA ind formed much denser nietwork.

The shrinkage temperature - inereased for the
collagen hybrid gel compared to uncross-linked collagen
gel, Thiy implies that immobilization of PMA ocourred on
the surface of the collagen gel, but made the gel tougher
and protect the gel from the thermal degradation by
forming much denser network. Formation of the denser
network incressed the elastic modulus also.

The eollagen gel would bé completely degraded by
eollagenase within 3 hours. In the case of collagen hybrid
gel, approximately 40% would be degraded after 3days.
And for DIC gsls, it would be left undegraded for more
than a week, The leak of PMA was not detested, for DIC
gel, indicating that the high cross-link network would be
stable,

The contact angle of the collagen gel decreases as
the PMA is immobilized on the collagen. The surfuce of
the gel is turning hydrophilic, indieating that the surface is
becoming more bleod compatible and abls to control the
¢ell adhesion. The cell adbesion test using 1.929 showed
that the number of cell adhered on the surface decreases
as the density of PMA increased. This is not due to the
toxieity, for phospholipids polymer is already proven to
be non-toxic [4]. The morphology of the cells was ound,
indicating the Interaction betwsen the cell and surface was
suppressed. This result was alse observed by other groups
f3].

Conclusions: The collagen that was immoebilized on the
collagen gel was firmly cross-linked with collagen
microfibrils. The - adoption of phospholipids polymer
increased the mechanical property, while maintaining its
soft tissue viseoelastic  behavior. Imcrease in the
hydrophilicity made the cell difficult to adheie, which is
the affest of phiospholipid head group.

References: [1] M 1. B. Wissink e al., Biomaterials 22
(20013 pp. 151-163. [2] K. Ishihara, Soi Technol Adv
Mater 1(2000) pp.131-138. [3] L.HHL Olde Damink ¢
al., Biomaterials 17 (1996) 765-773. [4] T. lto st al,
Collo Swf B Biointerf 41 (2005) 175-180. [5] A
Yantasaki etal., Coll Surf'B Biointerf 28 (2003} 5362,
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Influence of nano-vibration stimull on cell differentiation for tissue enginesring

TK Kimura', Y1 #0', TF Fujisato®, TM Masuzawa' AK Kishids'
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The handling of cells is ong of important faclors for tissue engineering. Recently, physical strass snd stimuli, such as 2D siretch,
hydrostatic pressure and shear stress, have been extensively studied for controfling cell funclion. In this study, we report the influsnce
of nano-vibration stimuli as physical stress on cefl differentiation. Here, we adopted nano-vibration stimulation system as a novel
physical simulation method. The piezo-electric actuator is employed to apply micrometer- to nanometer amplituds. To investigate the.
influence of nanc-vibration on call difarentiation, PC12 cells were used a3 model calt and stimulated using nano-vibrator. The cells wers
seeded on multi cullure plate and then nerve growth factor (NGF) was added at final concentration of 50 ng/ml. The cell culiure plate
was set on nano-vibrator and shaken at various frequendes for 1 hour from day to day. The morphology of live cells was chserved by
light -microscope: for 4 days. The celie having-at least ona neurite with a length equal fo the call body diameter wers defined ae
differentiated cefis. The degree of cell diffsrentiation was expressed as a perceniage of the fotal cells: I the case of no addilion of NGF,
the cells were handly differentiated with and without nano-vibration stimull, On the other hand, with NGF, the call difforontiation was
abserved and promoted with nanc-vibration In the initial stages; The length and number of neurite par a call were investigated using NIH
image. The no different in number and length of neuriie was observed with or without nanc-vibretion simull. These findings may lead 1o
vovel celb culture systems conbroliing cell differentiation of some of stem and progenitor celis;
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Development of bioscaffold preserving collagenic structure in biological tissue
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The development of regenerative vascular grafts is strongly desired espacially for the pediatric patients. Thers are many research works
related to artificial grafls made of biodegradable synithatic materals. However, it is still difficult #o control the biodegradability due to thely
hydrolysls, adapt the mechanical properties required in the artery, and reproduce complex shape such as aoitic arch. In this study, a
regenerative collagenic vascular graft was developed from porcine aorta by removing cells and structural protains other than collagen
from the lissue.

Parcine aora was isolated from the Clawn miniature pig (Japan Farm, Co. Lid.}). The tissue was placed ina vacum oven at 1200 1o
cross-link collagen fibers, Elastin fibers were then taken away form the fissus by enzymetic digestion using elastase of 0.56 wim! in tis
buffer solution ngluding CaCi2 of 10 mM and NaN3 of 0.02% at 37°C with genile stir. The obtalned tissue was subjscted to histological
and biomechanical studies,

The mechanism of cross-linking by the dehydrate heat treatfient i vacuum atmosphere may be-attibuted to condensation reaétion
between a carboxyl or hydraxyl group and an amino group of the protein, However, the elastic fibers were digested erzymatically even
after the treatment and it was confirmed higtologically that the obtained tissue has no slastic fiber and cellutar componsnts Inside. The
Collagen fibers remathing in the tissue were also degraded completsly by collaganase. The tensile strength certainly decréased afier the
enzymatic treatment, however an appropriate cross-linking could reduce the decling in tensile strength. The tensile strengths of the
obtained vascular graft, = porcine native aorta, and pulmonary artery were 1:09, 245, and 0.87 MPa, respectively. The graft may
applicable not only to the pulmonary artery but to the other arteries, Also, the grafl may have belter ability fo promote call infiltration and
Hssue remodeling compared with the acellular tssue without elastin digestion since the tissue may have niore porous structure. The
original structure was well preserved all through the process,

The collagenous grafts were prepared by the crossHinking followed by elastin digestion of the porcine vasculsr fissus. This may be
adapted to the vascular issue regeneration.
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Myogenic Pre-Differentiation of Bone-Marrow Human Mesenchymal Stem Cells By in Vitro
Electrostimulation

A Genovese', R Giambronf, O Schussler’, A Patel’, T Ravikumar’, £ Lauref', A Carpentier, JC Chachques’
’Universx‘fy of Pitisburh Medical Center, FITTSBURGH, United Siates of America
*Pompidou Hospital, University of Parls, PARIS, France

Objective

Cell therapy using bone marrow ster cells (BMSCs) is emerging as a potential new therapy for myocardial regeneration. These vells
could be capable of profiferation and. differentistion info cardyomyocytes; however the differentiation of BMSCs info fibroblasts after
implantation into an infarct area may increase the risk of veriricular tachyarhythimia. The cylological differences betwssr Borie-mamow
stem cells and muscle cells could be g limitation for graft success and a reason for the initial reduction of implanted calls. We
investigated the effects of cell preconditioning with bipolar 'ex vivo' slectrostimulation of human bonesmarrow mesenchymal stem calls
{(HMSC). :

Methods

HMBC cellswere colfected from patients undergoing CABG procedures of purchassd (Polstics. IMSC, Cambrex BSR; Inc.). In the first
case, four mi of stemal bone marrow were collected after steotomy and HMSC selected and purified. Cell cultures wers dividad in two
groups, one withaut stimulation and one electro stimulated during 3 weeks using two elecirodes submerged into the oell cufture medium
and sonnected to apulse gensrator delivering SVolts; 0.54 ms pulses at a rate 6f 120 ppm, similar to fetal cardiac frequensy. After each
week, cell differentiation was evaluated by changes in cell marphology and with desmin, connexind3 and troponin -C antibodiss.

Results

The electrostimulation of HMSC resulted in myogenic morpholagle and immunclogic modifications with positive anti-desmin, anti-
troponin stain, and changes in the expression and distibution of connexin 43. Call multiplication was increased In the long-term
électiostimulated cultures.

Conclusions

Electrostimulation was investigated for driving the conditioning process of HMSC towards myogenic cells. We observad an Increass in
cell muitiplication, improved cell organization, and primary myageric pre-differentiation. This method might be used to precondition stem
cells-ora malrix-{grafted with celis) befora implantin the ischemic heart with potential benefits In graflt survival and therapeutic effests.
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