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2013Vol. 33, No. 2

Review: Vitreous Cryopreservation of Tissueengineered Compositions for Tissue
Repair
Zhi Wang, TingWu Qin

The most important strategy in tissue engineering is combining scaffolds with living
cells to form tissuengineered compositions (TECs) to promote the repair and
regeneration of tissues. Such scaffolds are expected to support cellzawdm,
migration, growth, and differentiation, and to guide the development of the required
tissues. TECs stored at ambient temperature require expensive human involvement to
satisfy metabolic demands and can potentially be infected and biologiceligdalEor

the commercialization and largeale clinical applications of tissue engineering,
long-term and stable methods that preserve TECs that contain living cells and maintain
their adhesion to scaffolds are required. Cryopreservation can be achigved b
vitrification, which can improve the pestwarming viability of cells and reduce intra

and intercellular ice formation. The present paper reviews the literature and clarifies the
basic technological advances of vitreous cryopreservation of TECs. Tewfisp
requirements for the vitreous cryopreservation of TECs are defined. The
physicochemical basis for vitreous cryopreservation, cryoprotectant properties, and
model studies are emphasized. Examples of TEC vitrification are given. It is concluded
that vtrification is a promising method for the preservation of TECs and is likely to lead
to the oftthe-shelf availability of TECs for tissue repair.
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Influence of Looped Colonoscope on Deformation ofintestinal Wall in
Colonoscopy

WuBIin Cheng, YwYun D, Sivaruban Kanagaratnam, Michael Moser, Edwin M.
Zhang, WerJunZhang

Colonoscopy that is a very commonly carried out procedure has several problems,
including a risk of perforation of the colon and significant discomfort for patients. Loop
formation ca be the reason of these problems. Loop formation is further associated with
the configuration of the colon, in particular the rectsigmoid and sigmotdlescending
segment s t hat have a-shapedaploliies whene the tloopec
colonoscopeeerts a quasstatic force on intestinal wall, and then results in deformation

of the intestinal wall. Variablstiffness colonoscope and ovtebe colonoscope may be
used to prevent loop formation; however, conflicting results relating to their use have
been reported. In this paper, influence of a looped colonoscope on deformation of the
intestinal wall is analyzed. It was found that the flexural rigidity of the looped
colonoscope contributes deformation of the intestinal wall.
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Enhanced Migration of Whar t ondés Jel |l y M@efise Gravh yoma | St e
Polyurethane Nanocomposite

Chih-Yang Huang, Chiekisun Lin, Tunglso Ho, HuiChen Chen, MeYun Chu,

WetShen SunWetiChien Kao, Hueyshan Hung, Shahui Hsu

Mesenchymal stem cells can sense and respondbsirate stiffness and topography,
which modulates their differentiation into special cell lineages. Vascular cells reside in
an elastic extracellular environment and are subjected to normal as well as shear forces.
Polyurethane (PU), a synthetic elastoneinvestigated in this study for its potential to
promote the attachment and migration of !
(WIMSCs). A nanocomposite of PU containing gold nanoparticlesAPUwith

distinct phase separation on the nanometer ssalkso tested because it provides better
mechanical/topographical cues compared to those of pristine PAAuRp-regulates

the protein expression of focal adhesion kinase (FAK)/Bh®ase/matrix
metalloproteinas® in WIMSCs upon the stimulation of vasmukendothelial growth

factor (VEGF) and stromalerived factorl (SDF1). Furthermore, PAu improves the
attachment and migration of WIMSCs and increases the expression levels of cell surface
markers such as CXCR4 and5 b #tegrin after VEGF and SDE dimulation.
Collectively, these results suggest that elastic nanocomposites such-Aas Ry
enhance WJMSC migration in response to tissue and blood vessel injury, which may in
turn contribute to neovascularization in a vascular lesion.
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Effect of Chang Run Tong on The Biomechanical and Morphometric Remodeling

of Colon and Rectum in Streptozotocininduced Diabetic Rats

Hong Sha, Dong Zhao, Jingbo Zhao, Guifang Liu, Zhong Zhen, Pengmin Chen, Xiaolin
Tong, Hans Gregersen

The present study investigates tldfect of Chang Run Tong (CRT) on the
biomechanical and morphometrical remodeling of colon and rectum in
streptozotocirinduced diabetic rats. The colonic and rectal segments were obtained
from diabetic (DM), CRTreated diabetic (T1, high dosage: 50 ¢day; T2, low
dosage: 25 g/kg/day) and normal (Con) rats. The experimental period was 60 d. The
blood glucose level and body weight were measured. The circumferential length, wall
thickness, and opening angle were measured from the segments in-lte aod
zerostress states. The residual strain was computed from the morphometry data. The
stepwise distension was done on the colonic segment (from 0 to 20 cmH20O). The
circumferential and longitudinal stresses and strains were computed. The blood glucose
level was significantly higher and the body weight was significantly lower in the DM,
T1, and T2 groups compared to those in the Con groupO(Pl, p<0.001). The
glucose level did not differ among the DM, T1, and T2 groups. The wet weight per unit
lengthto body weight ratio, wall thickness, cressctional wall area, opening angle, and
absolute value of residual strain of colonic and rectal segments in the DM group were
significantly higher than those in the Con group(@.05 and p< 0.01), and thosenithe

T1 group, but not those in the T2 group, were significantly lower than those in the DM
group (p< 0.05, p<0.01). Furthermore, the circumferential and longitudinal stiffness of
the colonic wall in the DM group was higher than those in the Con gifdyut not T2,
treatment could significantly decrease the colonic wall stiffness in both directions
(p<0.01). CRT (high dose) treatment could partly restore the morphometric and
biomechanical remodeling of the lower gastrointestinal tract in diataésic r
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Effects of LED Light Irradiation on Human Foreskin Fibroblasts and Its
Implication to Wound Healing

YuehFeng Hsieh, JuHsiang Hsieh, Engean Yeong, Wehyng Li, YuChi Chou,
RuohChyu Ruaan

The photostimulation of skin can possibly improveuwd healing. However, the effects

of light stimulation on the process of wound healing are not fully understood. This study
shows that red light emitted from a liglmitting diode (LED) device can effectively
stimulate the proliferation of human foreskibroblasts (HFFs) and the synthesis of
important cytokines related to wound healing. The proliferation of HFFs was found to be
significantly accelerated after exposure to a red LED light (630 nm) at 16.3 rd/ftmm

400 seconds. The syntheses of Transfogwrowth factor beta 1, Keratinocyte growth
factor, and Adenosine triphosphate were increased by light irradiation. Importantly, our
findings indicate that the LED light irradiation could stimulate the proliferation of
fibroblasts and may facilitate theownd healing.
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Effects of Matrix Viscoelasticity on HepG2 Cell Metastasis in A Microfluidic
Device
QunFang Ye, Sha¥i Cai, XiacZhen Dai, XiaeQing Yan, MiSha Zou, Zhiling Xu

Cancer metastasis is a complex dynamic cascade with multiple steps,irhereced

by various kinds of biochemical and biophysical factors in the microenvironment. The
stiffness of the substrate is considered one of the most important factors for appropriate
physiological function in numerous contexts. The extracellular m@mM) around the

cell is a material with viscoelasticity, the role of which in the cascade of events of cancer
metastasis is poorly understood. This study establishes a 3D metastasis research model
to investigate the influence of ECM viscoelasticity oa ttascade of events of cancer
metastasis in a suitable in vitro microenvironment. In the model, tumor cells and ECM
can be precisely patterned in microfluidic channels, affording cancer cell an #kavo
pathophysiologic thredimensional (3D) microensdnments. The viscoelasticity of
collagen gel was controlled via collagen gel concentration, measured by rheometer. The
effects of viscoelasticity on the viability, cytoskeleton, invasion, and migration of
hepatocellular carcinoma (HepG2) cells were ingestd. our results reveal that the
viscoelasticity of collagen gel increased with increasing concentration of collagen. The
viability decreased with increasing viscoelasticity. The cytoskeleton seems denser in
collagen gel with high viscoelasticity. Theigration rate decreased with increasing
viscoelasticity. These results suggest that the microfluidic device fabricated as a
metastasis model could provide an in vlik@ pathophysiologic microenvironment for
cancer cells to monitor the response of cawcedls to changes in their environments in
reattime. We conclude that the viscoelasticity of collagen gel, mainly the elasticity,
plays a role in the viability, cytoskeleton, capacity, and rates of invasion and migration
of HepG2 cells.
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Plasma Treatment of Random and Aligned Electrospun PCL Nanofibers
Da Yan, John Jones, Xiaoyan Yuan, Xinhua Xu, Jing Sheng, Jamés€, Guigiu Ma,
Qingsong Yu

Pl asma tr eat ment-caprblacterie)qRCL)mansfipen randgmomatg &nt)
aligned meshes is studied. The changes in the surface chemistry, and mechanical and
biological properties of the PCL nanofibers induced by NH3 + O-2 plasma treatment
are aluated using surface contact angle measurementsay Xphotoelectron
spectroscopy (XPS), scanning electron microscopy (SEM), tensile tests, and cell culture.
It was found that plasma treatment resulted in a significant increase in surface
hydrophilicity of the PCL nanofibers, with the water contact angle reduced from ~135°

to 0°. XPS surface characterization indicates that the plasma treatment introduced new
functional and polar groups on the fiber surface. Tensile test results show that, after the
plasmatreatment, the ultimate tensile strength and the ultimate strain of both the PCL
nanofiber random mats and aligned meshes were reduced. The phenomenon indicates
that the plasma etching effect occurred on the PCL nanofiber surfaces. When cultured
with mou® osteoblast cells (MC31B1), the plasmd#reated PCL nanofiber random

mats and aligned meshes yielded much higher cell proliferation rates compared to those
obtained for the untreated controls. Environmental SEM examination shows that the
plasma treatmerdignificantly enhanced cell growth along the aligned PCL nanofibers.
These results indicate that plasma surface modification of electrospun nanofibers has
great potential in the development of novel polymeric scaffolds for tissue engineering
applicationssuch as bone healing and cartilage repair.
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In Vitro Cell Study of Possible Anti-inflammatory and Pain Relief Mechanism of
Far-infrared Ray-emitting Ceramic Material

Ting-Kai Leung, YeChuan Liu, ChiefHo Chen, Hsieh Niefang, KunCho Chen,
Chi-Ming Lee

Inflammation and pain are the major chronic symptoms in geriatric medicine. This study
examines the possible mechanism of aifdfnared rayemitting ceramic material
(bioceramic) on these symptoms wusing cell models. Effective doses of
lipopolysacchades (LPS) were added to induce acute episodes of inflammation in
murine macrophage (RAW 264.7) and human chondrosarcoma (SW1353) cells. The
inducible nitric oxide synthetase (iNOS), cydrygenas€® (COX-2), and
prostaglandin E2 (PGE2) levels were deteexi for the cell lines. Biocermic treatment
was found to have significant inhibitory effects on G@Xand PGE2 and a probable
effect on INOS in the cell models of LA®ediated inflammation. Bioceramic treatment
may be an alternative method for palliativairp control to reduce chemical drug
dependence for the protection of renal functions in the chronic pain disease population.
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Design and Validation of Perfusion Bioreactor with Low Shear Stress for Tissue
Engineering

Anneh Mohammad Gharravi, Mahmoud @wmadeh, Mahmoud Hashemitabar, Karim
AnsartAsl, Salem Banoni, Ali Alifard, Sina lzadi

The generation of thred@imensional tissue substitutes in vitro requires the development
of new culture strategies, including bioreactor concepts. The present stuglysdasd
validates a perfusion bioreactor to facilitate skeletal tissue engineering. The perfusion
bioreactor has four main components: a culture chamber, a circulation unit, which
consists of a peristaltic pump and silicon tubes, a mechanical deviceseasdrs.
Analysis of flow behavior within the bioreactor was performed using computational
fluid dynamics (CFD). Flow distribution was determined using dye tracer experiments to
visualize the mixture effects with and without alginate hydrogel. Bovine cboyigs

were isolated from nasal septum, seeded into alginate hydrogel, and -cultured
dynamically in the perfusion bioreactor.-um sections of bouifixed and
paraffirembedded alginate/chondrocyte constructs were prepared. The sections were
stained histdeemically for cell and tissue morphology assessments. Results of CFD
indicate a very low wall shear stress on the surface of the culture chamber at a flow rate
of 0.5 mL/min. The peak velocity and maximum wall shear stress were 8.818 m/K0

and 0.001238 dyne/cm2, respectively. Under a steady flow of 0.5 mL/min, nearly all of
the dye was distributed through the alginate gel. An average mixing timeé ofid was
obtained with the perfusion bioreactor setup. After 12 days of chondrocyte culture in
alginae, all chondrocytes were clearly surrounded with a stained matrix. The matrix
volume surrounding each cell increased with time. In the matrix, fairly large round cells
rich in cytoplasm were scattered individually or as an isogenous group at two weeks.
Chondrocytes were housed in lacdiflee structures. The dissolved oxygen and pH of
the culture medium were approximately constant at biological levels. The developed
perfusion bioreactor is demonstrated to mimic various environmental conditions found
in vivo for cartilage tissue engineering.
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Optimization of Intradural Spinal Cord Stimulator Designs via Analysis of
Thoracic Spine Imaging Data

Stephanus Viljoen, Brian D. Dalm, Chandan G. Reddy, Saul Wilson, Charles Smittkamp,
George T. Gillies, Matthew A. Hard |11

Axial magnetic resonance images of the thoracic spinal cord of 50 patients are analyzed
in order to measure the length of the dorsal arc span between the dorsal root entry zones
for the purpose of optimizing the mechanical design dimensions diiuh@an Spinal

Cord Modulation System (HSCMS), which delivers electrical stimuli directly to the
spinal cord. Two mathematical approaches are used to assess the data, with validation of
the results conducted via a direct physical measurement using a edgnitge.
Results show that the nominal value of the arc length i2 6.0 mm (1 ), with high

and low values of 8.8 and 5.1 mm, respectively. The mean radius of the spinal cord was
found to be 3.& 0.5 mm. Taking into account previously reported measurements, it is
suggested that values at the high end of this range be used far fominphometric
studies of the cord in the thoracic region. The implications of these findings on the
design of the HSCMS are discussed.
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Effects of Substrate Rigidity on Human Hepatic And Hepatocellular Carcinoma
Cell Migration Behavior
Yanzi YangbeniHongbing Wang, Qiagyan Tan, Song Li, Li Yang

During cancer cell metastasis, the microenvironment stiffness around tumor cells
dramatically changes. This study investigates the effects of substrate stiffness on cell
migration behavior, especially on theesenchymal and amoeboid migration adoption of
human hepatic (L02) and heptatocellular carcinoma (HCCLMS3, abbreviated as M3)
cells. Polyacrylamide gels with different various stiffnesses were prepared by varying

the concentration of acrylamide and-bisrylamide. The cell morphology and migration

were observed using recorded by a microscope observation, and cytoskeleton
organization was visualized bydetin staining. In addition, the expressions of cofilin

and integrin Dbl wer e aamdamarix enetalloprgteinage st er n
(MMP-2) levels were measured by zymography. The rigid gel promoted the
mesenchymal mode of cell migration via the maintenance of directional migration,
organization of polarized stress fibers, and enhancement of-RIdPRd it egr i n b1
expression. Conversely, the soft substrate induced the tendency for amoeboid migration,
with loss of directional migration, deprivation of actin stress fibers, and a decrease of
MMP-2 and I ntegrin b1l expression.ypicaFurther
mesenchymal migration on rigid gel but M3 cells did not. The soft gel induced M3 cells,

but not LO2 cells, to adopt amoeboid migration. These differences in LO2 and M3 cell
responses resulted from the differences in the cell intrinsic properéiesghe pattern of
cytoskeleton organization and the expression of migragtated proteins). Our

findings suggest that substrate rigidity amplifies the mesenchymal or amoeboid
migration potential of cells. The tendency to adopt one specific mode oxtarenof

modes is likely attributable to cell intrinsic properties. Understanding the influences of
substrate rigidity on such distinct modes of tumor migration may lead to the
development of more effective antivasive therapies.
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Bioactivity and Biocompatibility Studies on Silk-Based Scaffold for Bone Tissue
Engineering

Sahba Mobini, Mehran Solakashjin, Habibollah Peirovi, Noor Azuan Abu Osman,
Mazaher Gholipourmalekabadi, Mahmoud Barati, Ali Samadikuchaksaraei

Novel materials with promising progges can be used to achieve scaffolsed tissue
engineering goals. Natural silk (NS) polymer has remarkable biomedical and mechanical
properties as a material for bone tissue engineering scaffolds. This study describes the
fabrication of a silkbased cmposite, in which natural silk and regenerated silk (RS) are
combined to achieve better mechanical properties in the-dimesnsional (3D) porous
form. The biocompatibility and bioactivity of these scaffolds are evaluated. RS was
made using mulberrgilk cocoons. RS/NS composite scaffolds were fabricated using
the freezedrying technique. Silk protein extract was evaluated by Fourier transform
infrared spectroscopy (FTIR), with sharp amide peaks appearing at 165%zed1530

cm-1 in the FTIR spectrum, ofirming the existence of fibroin. The fabricated 3D
scaffolds were morphologically analyzed by scanning electron microscopy (SEM). An
inter-connective spongy structure was found. Mechanical characterizations were carried
out using a universal testing mawod. Results show that the mechanical properties of the
RS/NS composites are better than those of scaffolds fabricated with RS alone. In
addition, in vitro tests, including those for cell viability and adhesion, were carried out
with osteoblast cells by ¢h MTT assay with a new calculation approach, which
confirmed biocompatibility. The bioactivity potential of the RS and composites fibers
was tested by introducing scaffolds to normal simulated body fluid for 21 days.
Energydispersive Xray spectroscopy anSEM analyses proved the existence of CaP
crystals for both configurations. Thus, reinforced silk composite is a bioactive and
biocompatible alternative for bone tissue engineering applications.
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Finite Element Model of The Chick Eye to Study Myopia
Reno Genest, Naveen Chandrashekar, Elizabeth L. Irving

Myopia is a refractive error of the eye and is characterized by an increase in the axial
length of the eye. The exact mechanisms for the axial elongation are still unknown.
Higher intraocular pressurdQP) has been associated with myopia and could be
involved in eye enlargement along with other factors. However, studying the creep
behaviour of the scleral tissue of the eye due to increased IOP and extraocular muscle
forces is difficult. The present stydlevelops a finite element (FE) model of the chick

eye to study the development of refractive error in the eye due to external mechanical
forces and IOP. Chick eyes were harvested from young chickens. The IOP inside the eye
was increased using a spedati apparatus. The deformation of the eyes was measured

in the axial and radial directions using digital photographs. A chick eye was frozen,
sliced, and photographed. The images were aligned and segmented. A three
dimensional geometric model of the caorseleral shell was built from the segmented
images. A FE model of the chick eye was then developed. Hyperelastic material
properties were used to model the cornea and scleral tissues. The pressure inside the FE
model was increased and the resulting de&tion of the model was measured. The
results were compared with the experimental measurements. The deformation modes of
the FE model were similar to those observed in experiments. The FE model of the eye
was elongated in the axial direction and contraaietie radial direction, similar to the

eyes in the experiment. The developed FE model can be used to study the development
of myopia due to mechanical forces.
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Characterization of a Hybridization Scaffold Based on PLGA/Acellular Pigskin for
Nerve Regeneration
Xiaozhen Dai, Lan Wang, Kaiwang Ma, Bin Liu, Hong Li, Kejian Pan

Peripheral nerve regeneration across a long defect is a challenge in nerve reconstructive
surgery. Nerve tissue engineering is a promising strategy for such regeneration.
Artificial nerve scaffold design is an important part of nerve tissue engineering. In this
study, a hybridization nerve scaffold was designed and fabricated with poly (actide
co-glycolide acid) (PLGA) and acellular pigskin. Its potential as an artificial enerv
scaffold is investigated in vitro. Acellular pigskin was prepared by enzymolysis and
detected by hematoxylin and eosin (HE) staining, scanning electron microscopy (SEM),
and examination of the DNA that remains in it. The hybridization scaffold was
fabricated from PLGA and acellular pigskin using a hpgessure permeation technique.

The microstructure, water absorption behavior, biodegradation, mechanical properties,
and biocompatibility of the scaffold were investigated. SEM images show that the
scaffoldis a homogeneous threémensional porous structure. The maximum swelling
index of the scaffold was about 124%, the thickness of the wall increased by about 56%,
and the ultimate mass loss was about 9.05% in phosphate buffered saline (pH 7.4) after
8 weels. PLGA improved the mechanical properties of acellular pigskin.The
biocompatibility was evaluated by assessing the morphology and proliferation of
Schwann cells (SCs) on the hybridization scaffold. Many SCs attached and adhered to
the surface of the scatfl. The scaffold exhibited no cytotoxicity effects, increasing the
proliferation of SCs. Therefore, the hybridization scaffold made of PLGA and acellular
pigskin has suitable biodegradability, proper mechanical properties, and good
biocompatibility for SG, and thus has potential as an artificial nerve scaffold.
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Role of FAK-ERK1/2 Signaling Pathway in Proliferation of Rat Bonemarrow
Mesenchymal Stem Cells Stimulated by Cyclic Stretching
Lin Yuan, Qing Luo, Li Yang, Gudin Song

Mechanical stretchings known to play an important role in regulating the proliferation
of mesenchymal stem cells (MSCs). However, information regarding the molecular
mechanisms that link mechanical stretching and MSC proliferation is still limited. In this
study, the signatig molecules likely involved in the mechanistiletchinginduced
bonemarrowderived rat MSC (rMSC) proliferation are examined. The results show
that rMSCs subjected to a cyclic stretching of 10% amplitude dtiaftequency for 15

min exhibited a signitant increase in their proliferation andfas expressions
compared to those of statically cultured rMSCs. Furthermore, cyclic stretching (10%, 1
Hz) markedly promoted focal adhesion kinase (FAK) activation in rMSCs, followed by
rapid extracellular signakgulated kinase 1/2 (ERK1/2) phosphorylation for up to 1 h,
while no significant difference was found in total FAKFAK) or total ERK1/2
(t-ERK1/2) expressions between all detection time points. FAK inhibitor completely
abolished the effect of cyclidrsetching on rMSC proliferation,-fos expression, and
ERK1/2 activation. The same phenomenon was observed when ERK1/2 activation was
inhibited, where cyclic stretching did not compensate for the effect of inhibition. These
results demonstrate that the FARKL/2 signaling pathway is necessary for
mechanicabtretchinginduced rMSC proliferation.
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The 35th Annual International Conference of the IEEE Engineering in Medicine
and BiologySoci ety (EMBCOG613)
Osaka, Japan. Jubs-07,2013

http://embc2013.embs.org/

6th World Association of Chinese Biomedical Engineers (WACBE)
World Congress on Bioengineering
Beihang University, Beijing, Chinaug. 05-08,2013.

http://www.asiaminstitute.org/symposia/6thWACBE.html

Ca n 6 2AESASTEMA 14th International Conference
Toronto, CanadaAug. 0509, 2013.

http://aesatema2013.wordpress.com/

7th Asian Pacific Conference on Biomechanics
Seoul, KoreaAug. 29-31, 201.

http://www.apbiomech2013.org/

The 7th International Conference on Bioinformatics and Biomedical Engineering
(iICBBE 2013)
Beijing, China. Sep. 2@8, 2013.

http://www.icbbe.org/@13/

8" International Conference on Surfaces, Coatings and Nanostructured
Materials (NANOSMAT-2013)
Granada, SpairSep. 2225, 2013.

http://www.nanosmatonference.com/
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Services (IEEE Healthcom 2013)
Lisbon, PortugalOct 09-12, 2013
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MEDICA-World Forum for Medicine International Trade Fair with Congress
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