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Femtosecond Laser Induced Polymerization is an attractive direct writing technique for rapid three-dimensional (3D) micro
and nanofabrication in diverse applications. Recently, it has been successfully applied for 3D scaffold fabrication required in
biomedicine applications. However, there are still a lot of investigations to be done before it can be used for practical appli-
cations in tissue engineering or regenerative medicine. In this work, experimental results on production of artificial polymeric
scaffolds for stem cell growth are presented. Parameters (average laser power, sample scanning speed, and developing condi-
tions) for microfabrication in biocompatible photopolymers AKRE (AKRE37) and ORMOSIL (SZ2080) are experimentally
determined. 3D custom form and size artificial scaffolds were successfully microfabricated. Adult stem cell growth on them
was investigated in order to test their biocompatibility. The results of myogenic stem cell culture expansion were compared
to the control growth of the same cells on the scaffolds manufactured out of commonly used biocompatible photopolymers
ORMOCER (Ormocore b59) and Poly-Ethylen Glycol Di-Acrylate (PEG-DA-258). Preliminary results show FLIP technique
to have potential in fabrication of artificial 3D polymeric scaffolds for cell proliferation experiments. These are the first steps
in transferring FLIP fabrication method from laboratory tests to flexible manufacturing of individual scaffolds out of biocom-
patible and biodegradable polymers.
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1. Introduction

Currently, Femtosecond Laser Induced Polymeriza-
tion (FLIP) technology is being applied in tissue engi-
neering [1]]. Diseases and injuries create a high demand
of artificial tissues which could be transplanted into liv-
ing organism. One of the research fields of growing in-
terest is tissue engineering and production of artificial
scaffolds on which cells could controllably grow and
form tissues [2]. The need of manipulating the scaf-
fold structure is obvious in seeking to grow cells in
3D space [3]]. FLIP satisfies the resolution and fabri-
cation requirements in terms of 3D microobject forma-
tion. Biocompatible photopolymers are used for pro-
duction of complex form scaffolds, which not only act
as frames for growing cells, but could determine the
shape of regenerating organ [4]. It is known that by
changing polymer’s mechanical and chemical proper-
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ties the proliferation of cells on them can be selectively
controlled [3, |3]].

Laser fabrication technologies of various microob-
jects for functional devices were developed rapidly dur-
ing the past decades [6]. One of these constantly
growing technologies — laser induced photopolymer-
ization — got a lot of attention because its simplicity
and high throughput. The photopolymerization pat-
terning is based on selectively exposing photosensitive
material to UV light [7]]. Irreversible chain reaction in-
duced in the exposed monomer volume forms polymers
from which the microobjects are built [8]]. Microstere-
olithography systems are already commercially avail-
able [9]. However, this method can be used for fabri-
cation of two-dimensional (2D) objects, and formation
of three-dimensional (3D) structures becomes long and
complex [10].
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Alternative and more sophisticated FLIP technique,
based on nonlinear multi-photon absorption, has gained
a great interest due to the possibility to fabricate 3D mi-
cro and nanoobjects [11]. Due to quadratic dependence
on light intensity, polymerization reaction is induced in
tiny focused volume of monomer that allows formation
of microstructures in 3D space [12]. It has been al-
ready recognized as an effective method for fabricating
3D optoelectronic devices, photonic crystals, microme-
chanical components, etc. [[13]].

The regenerative medicine involves a multidisci-
plinary effort establishing measures to stop the prob-
lems impending human health or to repair already dis-
eased tissues and organs. It combines the two devel-
oped in parallel, but inter-related biomedical research
directions — cell therapy and tissue engineering [14].
Cell therapy is an approach of introducing new healthy
cells into a damaged tissue in order to treat a disease.
A variety of cell types have been used for cell therapy.
The most promising are embryonic stem cells; they
can differentiate into any type of cell. Non-embryonic
stem cells, also known as incompletely differentiated,
or adult stem cells are just multipotent; their poten-
tial to differentiate into different cell types seems to be
more limited. Other direction of regenerative medicine
is tissue engineering. Tissue engineering is an interdis-
ciplinary field that applies the principles of engineering
and life sciences towards the design and construction
of functional tissues intended for the maintenance, re-
generation, or replacement of multifunctional organs.
The most promising strategy for tissue engineering is
growing of autologous adult stem cells in a 3D envi-
ronment that aims to mimic the natural tissue as closely
as possible [15]]. Later such artificial tissues or organs
could be transplanted to the organism [16]. There are
many data that both regenerative medicine directions
offer many promising new technologies and products
which should help people suffering from injuries and
some diseases (diabetes, bone and cartilage damage,
vascular or other) [[17]. Also, tissue engineering is cur-
rently developed in several directions. One of them is
based on using biological tissue without the cells. An-
other method of the tissue construction is based on the
artificial tissue engineering. Such tissue manufactur-
ing technologies may be developed in two directions as
well. The first of them is the creation of a synthetic
matrix, which would be transplanted into the organ-
ism and stand as a basis for new biological tissues,
formed through the body’s natural vital forces. The
second one is construction of special artificial scaffolds
for cell growing in vitro. When the cells would be ex-

panded on the scaffold, it could be transplanted into the
pathological lesion in the organism [18]]. The success-
ful creation of artificial biological tissues is inseparable
from the understanding of the physiological, cellular,
and molecular mechanisms of individual tissues or or-
gans in the living organism as well as modelling them
in the artificial system in vitro. Recognition of the vi-
tal processes in vivo and their successful simulation in
vitro is the main reference point for the successful con-
struction of biological tissue with optimal composition
and structure, selection of cell types, growth factors,
and their concentration [19]].

The aim of this experimental work was to investi-
gate the feasibility and optimize the fabrication param-
eters for 3D artificial polymeric scaffold production by
means of FLIP and to test AKRE37 and SZ2080 mate-
rial and structure biocompatibility by growing cells on
them.

2. Experimental part
2.1. Fabrication of the scaffolds

Scheme of FLIP system is shown in Fig. 1(a). In
our experiment femtosecond Ti:Sapphire (Super Spit-
fire, Spectra Physics) laser was used as an irradiation
source with average output power of 500 mW operating
at 800 nm central wavelength and 80 fs pulse duration
at 80 MHz pulse repetition rate. The fully automated
system consists of laser irradiation power controlling
devices, collimating and focusing optics, CMOS cam-
era for online monitoring of the fabrication process,
piezo stages for precise sample positioning, and com-
puter for the automated control of the whole system via
“3D Poli” software. The sample is moved relatively to
the focused laser beam thus tracing the contours of the
desired structure, which can be imported directly from
Computer Aided Design (CAD) file. The more detailed
description of the FLIP system is provided in reference
paper [20]. Easy change of objective lenses enables one
to scale up or scale down the fabrication resolution ver-
sus fabrication throughput [21]. In these experiments
20x NA = 0.5 and 100x NA = 1.4 microscope ob-
jectives were applied.

Four different negative tone photoresins for 3D
scaffold structuring were used. AKRE (an acrylate
based custom made photopolymer AKRE37 consist-
ing of tris(2-hydroxy ethyl)isocyanurate triacrylate and
4,4’ -bis(di-methylamino)benzophenone [22]) and OR-
MOSIL (hybrid organic—inorganic SZ2080 material,
FORTH [23]]) were tested as candidate materials for
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Fig. 1. (a) FLIP system. (b) Pin-point direct writing. Photopolymer is solidified following the trace of the focused femtosecond laser beam.
Smallest structural element voxel is elongated along optical axis, achievable resolution can reach less than 1 ym in most of the commonly
used photopolymers.
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artificial scaffold fabrication. They are already recog-
nized to be excellent for 3D micro and nanostructur-
ing. ORMOCER (Ormocore b59, Microresist GmbH)
and biodegradable PEG-DA (Poly-Ethylen Glycol Di-
Acrylate Mn 258, Sigma—Aldrich Co.) are known to
be biocompatible materials and have been used as the
reference photopolymers for determining the biocom-

patibility from the cell growth [24} 25]).

2.2. Cell isolation and expansion

Primary stem cell culture derived from adult rab-
bit muscle was applied for engineering of polymeric-
origin artificial tissue [26]. Isolated myogenic stem
cells were grown in the polystyrene tissue culture
plates containing Iscove’s modified Dullbeco’s (Gibco)
growth medium supplemented with 10% of fetal calf
serum (Gibco), penicillin (100 U/ml), and strepto-
mycin (100 pg/ml). Cells were maintained at 37 °C
in humidified atmosphere with 5% CO9 and passaged
twice a week detaching cells from the plate by 0.25
(w/v) trypsin/EDTA solution (Gibco). The fabricated
scaffolds were sterilized in 70° ethanol (for 48 h) and
after that by UV radiation (15 min for each side).

The cells were stained with 10 pug/ml diamidino-
2-phenylindole (DAPI) prior to the inoculation to the
scaffold-containing wells. DAPI is the classic blue flu-
orescent probe for viable cells that fluoresces brightly
when it is bound to DNA. In the standard culture
medium, DAPI stained myogenic stem cells at density

(b)

of 60,000 per ml were inoculated into each plate well
containing FLIP engineered scaffolds from AKRE37,
S72080, PEG-DA-258, as well as Ormocore b59. Af-
ter 72 h cultivation the intensity of stem cell growth was
assessed microscopically.

3. Results
3.1. Resolution measurement

Suspended bridges were fabricated willing to iden-
tify the optimal fabrication parameters, like achievable
fabrication resolution and scanning speed v for differ-
ent objectives 27)]. To estimate possible width (lat-
eral resolution or voxel diameter) and height (axial res-
olution or voxel height) of one scan fabricated wall, the
average laser power was kept constant. Resolution de-
pendence on scanning speed was measured from SEM
(Scanning Electron Microscope, HITACHI TM-1000)
micrographs of these structures. According to Rayleigh
model focal spot size is limited by the diffraction and
is expressed as

1.22)
d=—"" 1
NA '’ 1
2\n
l="= 2
NAZ’ @

where d and [ are lateral and longitudinal dimensions of
the diffraction limited spot, X is exposure wavelength,
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Fig. 2. Fabrication resolution dependence on sample translation
speed (v) using 20x NA = 0.5 objective: (a) lateral resolution
d, (b) longitudinal resolution /. Continuous line marks diffraction
limit calculated using Eqs. (1) and (2), dashed lines are theoreti-
cally estimated results using Eqgs. (3) and (4), assuming that n =
1.5. Dots are measured from SEM micrographs. Excess above the
diffraction limit everywhere in (a) is due to voxels having ellipti-
cal shape and being thinner at the edges, where they were mea-
sured, comparing to their maximum thickness at the waist pertain-
ing to the diffraction limit. Disagreement in (b) of the estimated
and measured longitudinal AKRE37 resolutions is due to the mate-
rial shrinkage after development. (Resolution obtained with 100X
NA = 1.4 objective has been reported previously [20]].)

NA is numerical aperture, and n is refractive index
of the sample material [28]]. Using these equations
diffraction limit was calculated and shown in Fig. 2.
It was observed that resolution of the fabricated struc-
tures exceeded diffraction limit when appropriate pa-
rameters were chosen (laser power P or scanning speed
v corresponding to shorter exposure at certain points)
and could be defined using these equations [29]:

A I I3tprv

d=
NA I

; 3)
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Here, I is intensity in the vicinity of focus, ¢ is exposure
time, ( is experimentally derived constant pertaining to
the photosensitive material response, 7 and v are laser
pulse duration and repetition rate, Iy, is the intensity
of polymerization threshold, zg is Rayleigh range. Us-
ing Egs. (3) and (4) theoretically calculated graphs and
experimentally measured structuring resolution values
are shown in Fig. 2.

3.2. Fabrication of 3D artificial scaffolds

For fabrication of 3D artificial scaffolds designed for
tissue engineering, AKRE37 and SZ2080 photosensi-
tive materials, known for their good micro and nanos-
tructuring properties, were chosen. While producing
these objects, the walls of the scaffolds were formed by
several parallel scans in order to increase the total expo-
sure dose resulting in higher monomer-to-polymer con-
version. As a consequence, such 3D objects are more
tough and resistant to deformation or collapse during
developing process [30-32]]. Examples of fabricated
3D structures are shown in Fig. 3(a, b). Such structures
could be promising artificial scaffolds for cell prolifer-
ation in 3D exhibiting high mechanical strength as they
are made of spatial figures — truncahedrons (TRUN-
CAted octaHEDRON), sized 120x 120x55 pm?. Easy
scaling ability using FLIP is demonstrated in Fig. 3(c).
Single truncahedrons and more complex structures of
different size could be produced within the same tech-
nological approach [21]]. The pore size of the scaffold
has to be about twice as big as the size of a single cell,
and for mammals it would correspond to tens of mi-
crometres [33]]. Precise control of pore sizes, their ho-
mogeneity and interconnection is believed to be bene-
ficial for cell proliferation [34f]. Also, scaffold stiffness
and biodegradability will depend on inner architecture
and ﬁlhng factor (Vmaterial/‘/scaffold) [35].

3.3. Cell-based tissue engineering

The technique that can be used to replace damaged
organ or tissue involves growing the patient’s own cells
on a scaffold to form a tissue-engineered medical prod-
uct. The success of engineered artificial tissue depends
on many parameters. Most important of them are bio-
compatibility of the material and the architecture of the
scaffold. It was demonstrated that the shape of the scaf-
fold or mechanotransduction plays an important role in
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Fig. 3. SEM micrographs of 3D artificial scaffolds fabricated out of SZ2080. (a, b) Microstructures formed out of truncahedrons, (c) shows

differently scaled single truncahedrons fabricated within the same procedure. Objective lens 100x NA = 1.40 was used to fabricate

these microobjects. (d) Honeycomb scaffold fabricated with 20x NA = 0.5 objective lens. The volume and area of the pores are:
(a,b) 11300 pm?; (c), from left to right, 11300, 38200, and 90500 pm?; (d) 1890 pm?.

growth, apoptosis, differentiation, and motility for the
adhesion depended cells [36].

Biocompatibility of the scaffold as well as quality of
artificial tissue can be assessed in vitro by the imaging
of the nuclei of scaffold-housed cells. The nucleus of
living and proliferating cell looks like unbroken rela-
tively big membrane-bound organelle. In all our fabri-
cated micropatterns, we can see sufficient number of
blue DAPI-stained live cell nucleuses which demon-
strate biocompatibility of the tested materials. The pro-
portions of the nuclei as well as whole cell size are
comparable to the pore size (Fig. 4). As the majority
of mammalian cell types are anchorage-dependent and
will die if no cell-adhesion substrate is available, bio-
materials must provide a sufficient cell-adhesion sub-
strate that could deliver cells to specific sites in the
body with high loading efficiency [17]]. Since cell fate
in the scaffold depends upon the transmembrane sig-
naling which in turn depends upon the cell—cell, cell-
scaffold, and cell-growth factors interactions, qualita-
tive studies of newly engineered scaffolds will be con-
tinued and extended in the future.

The scaffold provides a temporary housing and ap-

propriate environment for the cells, therefore, it must
provide an environment in which cell proliferation, mi-
gration, and differentiation can occur, thus forming
functional tissue. The results of our prolonged stud-
ies (data not provided here) proved the presumption
about suitability of tested scaffolds for engineering of
viable tissue. The design of porous scaffold presented
in this study imitates physiological situation of the cells
in the tissue. Cell growth and function of the tissue is
controlled by soluble proteins — growth factors, hor-
mones, and cytokines. In our case, such components
have an opportunity to penetrate porous scaffolds and
reach the cells. Furthermore, cell environment governs
other phenomenon — cell migration, which is very im-
portant for angiogenesis in artificial tissue [37]. There-
fore, scaffolds for artificial tissue must correspond to
many needs.

So, according to our data, all tested scaffolds en-
gineered from acrylate based AKRE37 and hybrid
organic—inorganic SZ2080 as well as Ormocore b59
and biodegradable PEG-DA-258 photopolymers were
biocompatible and thus can be characterized as being
suitable for artificial tissue engineering. This form and
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Fig. 4. Fluorescence microscope images of adult rabbit myogenic stem cells in vitro (highlighted DAPI stained nucleuses having size of

~10 pm and invisible cell body) expanded in the 2D artificial scaffolds fabricated out of (a) AKRE37, (b) SZ2080, (c) Ormocore b59, and

(d) PEG-DA-258; cell density in all scaffolds is comparable, therefore their suitability in artificial tissue engineering applications can be
judged. The pore sizes are: (a) 2025 um?, (b) 2200 pm?, (c,d) 1890 um?.

size of microporosity 3D structures can act as cellu-
lar scaffolds for tissue engineering with tunable or in-
creased functionalities.

4. Conclusions

In conclusion, microstructures fabricated out of
AKRE37 and SZ2080 photopolymers shows FLIP as
a potential tool for fabrication of true 3D polymeric ar-
tificial scaffolds for biomedical applications. These mi-
crostructured scaffolds are interesting for the stem cell
growth and behaviour experiments (migration and lo-
calization) as well as for regenerative medicine, in the
future. Obtained cell growth results show that the bio-
compatibility of these materials is comparable to the
ones which are commonly used for biomedicine ap-
plications, such as Ormocore b59 and PEG-DA-258.
Artificial polymer scaffolds can be flexibly created for

every individual patient, having required geometrical,
mechanical, and chemical properties. The use of such
polymer scaffolds and expansion of autologous stem
cells makes it possible to prepare artificial tissue tai-
lored for each individual. This study is the first step
on the way for rapidly manufacturing templates needed
for tissue engineering out of AKRE37 and SZ2080 ma-
terials. Further investigations in vivo are to be done in
order to better understand tissue—material interaction.

Acknowledgements

This work was supported by the Lithuanian State
Science and Studies Foundation Grants B09/08 (Laser
Micro-Processing with High Repetition Femtosecond
Pulses) and B-07041 (Development of the Models to
Regenerate Heart Structures Employing Stem and Spe-
cialized Cells and Biological Tissues). We gratefully



dation

M. Malinauskas et al. / Lithuanian J. Phys. 50, 75-82 (2010) 81

ewe—

of Research and Technology Hellas,

bmm@iesl.forth.gr) for providing zirconium contain-
ing sol-gel hybrid photosensitive material SZ2080. Fi-
nally, we would like to thank Sartomer Company, Inc.
for providing SR368 material for the preparation of
custom made AKRE37 photopolymer.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]

(11]

F. Claeyssens, E.A. Hasan, 1¢10
D.S. Achilleos, A. Ranella, C. Reinhardt,
A. Ovsianikov, X. Shizhou, C. Fotakis, M. Vamvakaki,
B.N. Chichkov, and M. Farsari, Three-dimensional
biodegradable structures fabricated by two-photon
polymerization, Langmuir 25(5), 3219-3223 (2009).
S. Schlie, A. Ngezahayo, A. Ovsianikov, T. Fabian, H.-
A. Kolb, H. Haferkamp, and B.N. Chichkov, Three-
dimensional cell growth on structures fabricated from
ORMOCER® by two-photon polymerization tech-
nique, J. Biomater. Appl. 22, 275-287 (2007).

E. Cukierman, R. Pankov, D.R. Stevens, and K.M. Ya-
mada, Taking cell-matrix adhesions to the third dimen-
sion, Science 294(5547), 1708-1712 (2001).

P. Tayalia, C.R. Mendonca, T. Baldacchini,
D.J. Mooney, and E. Mazur, 3D Cell-migration
studies using two-photon engineered polymer scaf-
folds, Adv. Mater. 20, 44944498 (2008).

A. Ovsianikov, B.N. Chichkov, M. Malinauskas,
S. Schlie, A. Ngezahayo, S. Gittard, and R. Narayan,
Two-photon polymerization of Poly(ethylene glycol)
materials for biomedical applications [submitted to
Adv. Mater.].

3D Laser Microfabrication, Principles and Applica-
tions, eds. H. Misawa and S. Juodkazis, 1st ed. (Wiley—
VCH, Weinheim, 2006).

C. Decker, Laser-induced polymerization, in: Materi-
als for Microlithography, ACS Symp. Ser. 266, 207—
223 (1985).

LLH. Lee and D.-W. Cho, Micro-stereolithography pho-
topolymer solidification patterns for various laser beam
exposure conditions, Int. J. Adv. Manuf. Technol. 22,
410-416 (2003).

V.K. Varadan, X. Jiang, and V.V. Varadan, Microstere-
olithography and other Fabrication Techniques for 3D
MEMS, 1st ed. (Wiley, New York, 2001).

J. Stampfl, S. Baudis, C. Heller, R. Liska, A. Neumeis-
ter, R. Kling, A. Ostendorf, and M. Spitzbart, Pho-
topolymers with tunable mechanical properties pro-
cessed by laser-based high-resolution stereolithogra-
phy, J. Micromech. Microeng. 18, 125014 (2008).
H.-B. Sun and S. Kawata, Two-photon laser precision
microfabrication and its applications to micro-nano de-
vices and systems, J. Lightwave Technol. 21, 624—633
(2003).

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

S.H. Park, T.W. Lim, D.Y. Yang, R.H. Kim, and
K.S. Lee, Improvement of spatial resolution in nano-
stereolithography using radical quencher, Macromol.
Res. 14(5), 559-564 (2006).

S. Maruo and J. Fourkas, Recent progress in multi-
photon microfabrication, Laser & Photon. Rev. 2(1-2),
100-111 (2008).

P.V. Guillot, W. Cui, N.M. Fisk, and D.J. Polak, Cell
differentiation and expansion for clinical applications
of tissue engineering, J. Cell. Mol. Med. 11(5), 935—
944 (2007).

C. Boura, S. Muller, D. Vautier, D. Dumas, P. Schaaf,
J. Claude Voegel, J. Francois Stoltz, and P. Menu, En-
dothelial cell-interactions with polyelectrolyte multi-
layer films, Biomater. 26(22), 4568—4575 (2005).
M.N. Rahaman and J.J. Mao. Stem cell-based com-
posite tissue constructs for regenerative medicine,
Biotechnol. Bioeng. 91(3), 261-284 (2005).

A. Atala, Engineering tissues, organs and cells, J. Tis-
sue Eng. Regen. Med. 1(2), 83-96 (2007).

D. Howard, L.D. Buttery, K.M. Shakesheff, and
S.J. Roberts, Tissue engineering: strategies, stem cells
and scaffolds, J. Anat. 213(1), 6672 (2008).

S. Bajada, I. Mazakova, J.B. Richardson, and
N. Ashammakhi, Updates on stem cells and their appli-
cations in regenerative medicine, J. Tissue Eng. Regen.
Med. 2, 169-183 (2008).

M. Malinauskas, H. Gilbergs, V. Purlys, A. Zukauskas,
M. Rutkauskas, and R. Gadonas, Femtosecond laser-
induced two-photon photopolymerization for structur-
ing of micro-optical and photonic devices, Proc. SPIE
7366, 736622 (2009).

M. Malinauskas, V. Purlys, M. Rutkauskas,
A. Gaidukeviciuté, and R. Gadonas, Femtosecond
visible light induced two-photon photopolymerization
for 3D micro/nanostructuring in photoresists and
photopolymers, Lithuanian J. Phys. [submitted].

M. Malinauskas, V. Purlys, M. Rutkauskas, and
R. Gadonas, Two-photon polymerization for fabrica-
tion of three-dimensional micro- and nanostructures
over a large area, Proc. SPIE 7204, 72040C (20009).

A. Ovsianikov, J. Viertl, B. Chichkov, M. Oubaha,
B. MacCraith, 1. Sakellari, A. Giakoumaki, D. Gray,
M. Vamvakaki, M. Farsari, and C. Fotakis, Ultra-
low shrinkage hybrid photosensitive material for two-
photon polymerization microfabrication, ACS Nano
2(11), 2257-2262 (2008).

S. Schlie, A. Ngezahayo, A. Ovsianikov, T. Fabian,
H.A. Kolb, H. Haferkamp, and B.N. Chichkov, Three-
dimensional cell growth on structures fabricated from
ORMOCER by two-photon polymerization technique,
J. Biomater. Appl. 22(3), 275-278 (2007).

L. Almany and D. Seliktar, Biosynthetic hydrogel scaf-
folds made from fibrinogen and polyethylene glycol
for 3D cell cultures, Biomater. 26, 2467-2477 (2005).


http://dx.doi.org/10.1021/la803803m
http://dx.doi.org/10.1021/la803803m
http://dx.doi.org/10.1021/la803803m
http://dx.doi.org/10.1021/la803803m
http://dx.doi.org/10.1021/la803803m
http://dx.doi.org/10.1021/la803803m
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1126/science.1064829
http://dx.doi.org/10.1126/science.1064829
http://dx.doi.org/10.1126/science.1064829
http://dx.doi.org/10.1002/adma.200801319
http://dx.doi.org/10.1002/adma.200801319
http://dx.doi.org/10.1002/adma.200801319
http://dx.doi.org/10.1002/adma.200801319
http://www.amazon.com/gp/reader/352731055X/
http://www.amazon.com/gp/reader/352731055X/
http://www.amazon.com/gp/reader/352731055X/
http://dx.doi.org/10.1021/bk-1984-0266.ch009
http://dx.doi.org/10.1021/bk-1984-0266.ch009
http://dx.doi.org/10.1021/bk-1984-0266.ch009
http://dx.doi.org/10.1007/s00170-003-1538-9
http://dx.doi.org/10.1007/s00170-003-1538-9
http://dx.doi.org/10.1007/s00170-003-1538-9
http://dx.doi.org/10.1007/s00170-003-1538-9
http://www.amazon.com/gp/reader/047152185X/
http://www.amazon.com/gp/reader/047152185X/
http://www.amazon.com/gp/reader/047152185X/
http://dx.doi.org/10.1088/0960-1317/18/12/125014
http://dx.doi.org/10.1088/0960-1317/18/12/125014
http://dx.doi.org/10.1088/0960-1317/18/12/125014
http://dx.doi.org/10.1088/0960-1317/18/12/125014
http://dx.doi.org/10.1088/0960-1317/18/12/125014
http://dx.doi.org/10.1109/JLT.2003.809564
http://dx.doi.org/10.1109/JLT.2003.809564
http://dx.doi.org/10.1109/JLT.2003.809564
http://dx.doi.org/10.1109/JLT.2003.809564
http://www.polymer.or.kr/english/publications/journals.html
http://www.polymer.or.kr/english/publications/journals.html
http://www.polymer.or.kr/english/publications/journals.html
http://www.polymer.or.kr/english/publications/journals.html
http://dx.doi.org/10.1002/lpor.200710039
http://dx.doi.org/10.1002/lpor.200710039
http://dx.doi.org/10.1002/lpor.200710039
http://dx.doi.org/10.1111/j.1582-4934.2007.00106.x
http://dx.doi.org/10.1111/j.1582-4934.2007.00106.x
http://dx.doi.org/10.1111/j.1582-4934.2007.00106.x
http://dx.doi.org/10.1111/j.1582-4934.2007.00106.x
http://dx.doi.org/10.1016/j.biomaterials.2004.11.036
http://dx.doi.org/10.1016/j.biomaterials.2004.11.036
http://dx.doi.org/10.1016/j.biomaterials.2004.11.036
http://dx.doi.org/10.1016/j.biomaterials.2004.11.036
http://dx.doi.org/10.1002/bit.20292
http://dx.doi.org/10.1002/bit.20292
http://dx.doi.org/10.1002/bit.20292
http://dx.doi.org/10.1002/term.18
http://dx.doi.org/10.1002/term.18
http://dx.doi.org/10.1111/j.1469-7580.2008.00878.x
http://dx.doi.org/10.1111/j.1469-7580.2008.00878.x
http://dx.doi.org/10.1111/j.1469-7580.2008.00878.x
http://dx.doi.org/10.1002/term.83
http://dx.doi.org/10.1002/term.83
http://dx.doi.org/10.1002/term.83
http://dx.doi.org/10.1002/term.83
http://dx.doi.org/10.1117/12.821776
http://dx.doi.org/10.1117/12.821776
http://dx.doi.org/10.1117/12.821776
http://dx.doi.org/10.1117/12.821776
http://dx.doi.org/10.1117/12.821776
http://dx.doi.org/10.3952/lithjphys.50203
http://dx.doi.org/10.3952/lithjphys.50203
http://dx.doi.org/10.3952/lithjphys.50203
http://dx.doi.org/10.3952/lithjphys.50203
http://dx.doi.org/10.3952/lithjphys.50203
http://dx.doi.org/10.1117/12.811125
http://dx.doi.org/10.1117/12.811125
http://dx.doi.org/10.1117/12.811125
http://dx.doi.org/10.1117/12.811125
http://dx.doi.org/10.1021/nn800451w
http://dx.doi.org/10.1021/nn800451w
http://dx.doi.org/10.1021/nn800451w
http://dx.doi.org/10.1021/nn800451w
http://dx.doi.org/10.1021/nn800451w
http://dx.doi.org/10.1021/nn800451w
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1177/0885328207077590
http://dx.doi.org/10.1016/j.biomaterials.2004.06.047
http://dx.doi.org/10.1016/j.biomaterials.2004.06.047
http://dx.doi.org/10.1016/j.biomaterials.2004.06.047

82 M. Malinauskas et al. / Lithuanian J. Phys. 50, 75-82 (2010)

[26] R. Sirmenis, V. Bukelskiené, V. Domkus, and V. Sirvy-
dis, Cellular cardiomyoplasty: Isolation and cultiva-
tion of skeletal muscle satellite cells, Acta Med. Litu-
anica 6, 178—-181 (1999).

[27] RJ. DeVoe, H. Kalweit, C.A. Leatherdale, and
C.R. Williams, Voxel shapes in two-photon microfab-
rication, Proc. SPIE 4797, 310-316 (2003).

[28] S. Inoue and R. Oldenbourg in: Handbook of Optics:
Devices, Measurements, and Properties, Vol. 2, ed.
M. Bass (McGraw—Hill, 1995) pp. 566-568.

[29] Y. Liu, L. Pyrak-Nolte, and D. Nolte, General 3D mi-
croporous structures fabricated with two-photon laser
machining, Proc. SPIE 6886, 68860Y (2008).

[30] D. Wu, N. Fang, C. Sun, and X. Zhang, Stiction prob-
lems in releasing of 3D microstructures and its solu-
tion, Sensors Actuators A 128, 109-115 (2006).

[31] S.H. Park, K.H. Kim, T.W. Lim, D.Y. Yang, and
K.S. Lee, Investigation of three-dimensional pattern
collapse owing to surface tension using an imperfec-
tion finite element model, Microelectron. Eng. 85,
432-439 (2008).

[32] H. Segawa, S. Yamaguchi, Y. Yamazaki, T. Yano,

S. Shibata, and H. Misawa, Top-gathering pillar array
of hybrid organic-inorganic material by means of self-
organization, Appl. Phys. A 83, 447-451 (20006).

[33] J.C. Chachques, J.C. Trainini, N. Lago, M. Cortes-
Morichetti, O. Schussler, and A. Carpentier, Myocar-
dial assistance by grafting a new bioartificial upgraded
myocardium magnum trial: Clinical feasibility study,
Ann. Thorac. Surg. 85, 901-908 (2008).

[34] J. Weng and M. Wang, Producing chitin scaffolds with
controlled pore size and interconnectivity for tissue en-
gineering, J. Mater. Sci. Lett. 20, 1401-1403 (2001).

[35] S.J. Hollister, R.D. Maddox, and J.M. Taboas, Opti-
mal design and fabrication of scaffolds to mimic tissue
properties and satisfy biological constraints, Biomater.
23, 4095-4103 (2002).

[36] D.E. Ingber, Cellular mechanotransduction: putting all
the pieces together again, Faseb J. 20, 811-827 (2006).

[37] K. Kaladhar and C.P. Sharma, Surface passivation and
controlled ligand supplementation of cellular activa-
tion processes — strategies for bottom up synthesis of
bioactive surfaces, Trends Biomater. Artif. Organs 21,
29-62 (2007).

TRIMACIU DIRBTINIU POLIMERINIU KARKASU KAMIENINEMS LASTELEMS AUGINTI
FORMAVIMAS FEMTOSEKUNDINIU LAZERIU
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G. Bickauskaite®, V. Purlys?, D. Paipulas?®, V. Bukelskiené®, R. Gadonas®.
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Santrauka

Eksperimentiniame darbe pristatomas dirbtiniy trimaciy poli-
meriniy karkasy, skirty kamieninéms lasteléms auginti, formavimo
biuidas, naudojant femtosekundinio lazerio Sviesa indukuota poli-
merizacijos reakcija. Tyrimui naudojamos naujos, perspektyvios
medziagos AKRE37 ir SZ2080. Auginant triusio kamienines laste-
les, tikrinamas §iy medZiagy biologinis sutaikomumas ir lyginamas
su biomedicinos praktikoje placiai naudojamomis $viesai jautrio-
mis medziagomis Ormocore b59 ir PEG-DA-258. Pateikiami for-

mavimo erdvinés skyros vertinimai ir trimaciy karkasy pavyzdZiai,
atskleidziantys Sios technologijos lankstuma ir taikymo galimybes
gaminant sudétingos geometrijos mikroporétus karkasus. Lasteliy
augimo tyrimai rodo, kad medziagos ir i$ ju suformuoty karkasy
sandara yra tinkamos biomedicininiams taikymams. Tai — pirmieji
Zingsniai, kuriant dirbtinius karkasus paZeistiems audiniams atsta-
tyti. Darbe pateiktu biidu jie galéty biiti gaminami individualiai
kiekvienam pacientui.
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