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Discussion and survey of cell
manipulation techniques for our new
project on biological application of
femtosecond laser
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We have a plan to start new experiment relating to femtosecond laser application on
biology. Our goal is development of living cell based devices for study of cytology and
cell based assay system for safety test of drugs and chemicals. Although we well know the
characteristics of femtosecond laser well, we need further information on laser and biology.
The purpose of present visit to Japan is to obtain hints on cell based devices on point of
view of femtosecond laser application. To this end, I have visited to Tohoku Fukushi
University (TFU, Sendai) and Nara Institute of Science and Technology (NAIST, Ikoma).
The host professors kindly presented their new informations. 1) Volume of neuron and
astrocyte are changed by stimulation, which was shown by Professor H. Tsubokawa of
TFU. He said the swelling of brain cells is one of the physiological responses associated
with neuronal and astrocytic activation. This phenomenon will be useful to the
development of cell based drug tests. 2) Single pulse of femtosecond laser can detach
culturing cells and transfer them individually. The transportation of cells depends on the
distance of a target cell and laser focal point. The cell is pulled from laser foal point if the
focal point 1s near than 25 pm to the cell, while the cell 1s pulled in if the focal point 1s
farther. The switching distance of pull-in and -out 1s 25 um (Professor Y. Hosokawa of
NAIST.)
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Recent growing interest in microarray devices such as DNA array, protein array, and
cell array are one of the important roles in related biological fields such as genome and
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proteome. Along the same line, use of living cells as functional elements i1s highly
desirable for miniaturized laboratory-on-a-chip devices. To fabricate the living cell based
microdevices, one of the key issues is the spatiotemporal control of cell adhesion to
substrate and induction of cell-cell networks. Cell adhesion i1s mediated by extra cellular
matrix proteins. Hence, if the extra cellular matrix proteins on a substrate are immobilized
and patterned at the specific position and time during cell culture, novel opportunities may
be provided for studying many cellular processes such as cell division, differentiation,
migration, and cell death. However, the patterns on a substrate surface must be
dynamically modified to study of such cellular processes. Our goal is development of
living cell based devices for study of cytology and cell based assay system for safety test
of drugs and chemicals. We well know the femtosecond laser; we need further information
on laser and biology. I am interested in the devices that are constructed with part of brain
and heart on a solid substrate (e.g. Glass, quartz, and transparent electrode), because they
may be attractive for survey of drugs and chemicals. If it 1s easy to monitor the action of
the drugs and chemicals, it will help the researchers on drug discovery and toxicity test of
chemical.

[HZ= HHY Aims of the current duty-trip]
HATE T —(E S B Rl r S R I B i il - BRI A R TRt
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One of our next steps 1s form reversible surface surface modification technique that
1s controllable to attach and detach functional proteins on a substrate surface on demand,
which may enables living cell arrangement on a substrate surface. The cell development
(F&4k), differentiation (434E) , migration (#%8)h) , and death (FE) will be control on
the reversible surface modification technique. Recently, we developed new technique to
arrange living cells on a glass substrate by femtosecond laser. The substrate covered with
proteinphobic polymer having zwitterion (that inhibits protein adsorption on the glass
surface) 1s easily ablated under physiological buffered solution (neutral pH, 25-37°C,
ambient pressure) by intense femtosecond pulsed laser. We are now applying this
technique to pattern cytophobic maicropatterns on the glass substrate during cell culture to
form to form different cells (i.e. normal cell and cancer cells for study of cancerous cell
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metastasis, neuron and astrocyte as a functional brain model, etc). There are three purpose
of the current duty-trip.

1) &fam Al MR E ARy AT REME - NS 0 T DA A RS R
— o A MBI RHIRIA G st RE S A B AR T R N A S B ZE AT &
e o i — A RAER R KA EH (Madoka Takai) #f% -

Discussing possibility of the reversible surface modification method. Candidate 18 the
new polymer to cover the substrate surface. One patterned surface will modified with
the new polymer that can cover the one micropatterned area under physiological
buffered condition. One of the most famous person is Professor Madoka Takai (553
F £ 7») in the University of Tokyo.

2) DA fEpas ~ EARAMAE B Ui & AR A Ry Th e MERS 4 RE AR B 2 5 5m o BE)1
7% (Hiroshi Tsubokawa ) =2 HA - ffE H AIZAVRIEHENREE (FRAIL
KEE) BIRIEREE (I KREE) e RESTIRE o BLRBEN KISTORERV &3
RACHEUERERERTT > BT AR AR E BLER) [] Tsubokawa 2% A /N EKE]( Seiji
Ogawa) #f2 (NEEHBEER=EZHDEMEZIIRE G > Wiikn ARt
o4 ) i e
Discussing a development of functional brain cell-circuit that 1S constructed with
central neuron, astrocyte, and vascular cells. Professor Hiroshi Tsubokawa (FEJ[]
%) is well known in Japan. He is researching brain functions at Tohoku Fukushi
University (Private University) and Tohoku University (National University) located in
Sendai, Japan. The meeting about the brain function will be held in Tohoku Fukushi
University, thus I attend the meeting and discuss with not only Professor Tsubokawa

but also Professor Seiji Ogawa (/N 1155 5], He developed functional MRI at Bell-lab.
in USA, and nominated to Nobel Prize.).

3) THERIOARE S B AVIE R MEI S - R NEE S AEYPELE K Yoichroh
Hosokawa &5 « TERFPARTE 25 5 E N dlREaviH e £ CRERI 2 E 4R ) -
2 E = S TR RIER - P2 EEtasE s -
Understanding non-linear phenomenon of femtosecond laser. I discuses with Professor
Yoichiroh Hosokawa, who i1s a hope of yang generation in the interaction of

femtosecond laser pulse and living cells (especially the plant cells) of Japan.
Collaboration with him 1s also discussed during the discussion.

[FEHARCR The result that is expected]
1) Bfam A 3% s TS T DAH (- 4HREHT Z i A el (R & R AR =



2)

3)

731 ) o BAFTREAE SRS 771 &It (Takal) BdZAJEEAEA N TR
iGas By o B ERPIAE G LA R -

Design of new polymers to prevent cell adhesion on the substrate surface
(proteinphobic and cytophobic polymer) will be cleared on the discussion. Candidate
of polymer will be decided on the discussion and Professor Takai may prepare it for us
at the next visit to Professor Takai® s laboratory.

£FJ1T Tsubokawa FZRESEE R AHELEL 2 IRANARAE (B 28 _EHYTIRE -

Functions of neuron and astrocyte on the microfabricated pattern may be shown by
Professor Tsubokawa.

A TRPD AT 25 S L 5 [ SR AR TR R (% © Hosokawa FFomii 3837 &
SRS BEEYYE BB (% - ILEERGER B RTHR AR -

The relation of femtosecond laser and its mechanical force is cleared. Professor
Hosokawa says he has an important experimental data about geographical condition
where the laser irradiates at under water condition to move materials on the substrate,
which is confidential.
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= H-+7#.H March 15 (Friday): Travel to Sendai
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6:30-18:00: I departed at Toayuan international airport at10:00 and arrived at 14:00
at Narita international airport in Japan (JAL 0802). I moved from airport to Sendai by
using high speed railway and arrived at around 18:00. Although I have appointment to
discuss with Professor H. Tsubokawa, he called me at evening and told me that his father
had died and he must prepare his funeral, thus he canceled the discussion.
He offered to me sending a related paper and discussing by e-mail and phone. I received an
article named "GABAergic input contributes to activity-dependent change 1n cell volume

in the hippocampal CA1 region" and the related papers (Fi).
I stayed at hotel in Sendai today.

= H-+7~H March 16 (Saturday): TFU, Sendai

R ALENE RESNA RS FHEEATE A EE% T Advanced individual preventive
care system for a mental disorder | » EA&FH (Kamei) Zi#% (MRI @555 )
/INIERE] (Seiji Ogawa) g% (P HEERRE I IMRI_E BOLD J57%) &tim)
AREAZ R Ry vl T - B3 (Kamel) B IEAERERGES BG4
AR -

13:00 to 18:00: I attended a meeting named "Advanced individual preventive care
system for a mental disorder" to search the brain science. I discussed with Professor Kamei
(B F#E; specialist on MRI micro-imaging) and Seiji Ogawa (/[N 115% ., He invented
Blood Oxygenation Level Dependent (BOLD) method on fMRI at Bell Laboratories.). We
discussed about ability of imaging of living cells by MRI micro-imaging. Professor Kamei
18 now making a prototype for micro-imaging under low magnetic field for feasibility test.

—H+/\H > March 18 (Monday): NAIST, Ikoma

AR EFHLREEIHT Lab on a Chip IXXEFfE - N EREE
NAIST #17 > Fr AR A ttf 1 B s i BLBE n iy 47 - A A T iR 258
AR REsa A




10:00-20:00: T am preparing manuscript for Lab on a Chip. Since some experiments
were done in NAIST, I checked the name of equipments and materials (objective, culture
medium, conditions of femtosecond laser, SEM, XPS, etc). I have select instruments that I
want to transfer from NAIST to NCTU
I stayed at resident room in NAIST.

= H-J1 March 19 (Thursday): NAIST, Ikoma, and Funeral at Kawasaki (at night)
EFERIEE TR o RAPREE ~ FTEIFE TS R ERE - AN
HEEE T AHERS 2 AR SR 0 DIMESS R TR B S - AR T
T4 -
9:30-14:00: Preparation of manuscript for Lab on a Chip. I selected, packed, and sent
many documents to send NCTU. I select mstruments (one cell PCR, incubator, etc) in
NAIST. I have a plan to transport them to NCTU for our experiments in NCTU. I have
checked the documents for for export them from JAPAN.
14:00-18:00: Movement from NAIST to Kawasaki

[ attended a funeral for Professor Tubokawa's father.
I have stayed at my parents' house.

— H —- March 20 (Wednesday): Holiday in Japan.

HABERH -

Today 1s holiday in the Vernal Equinox Day in Japan.
Translocation to Osaka.

= H —-+— March 21 (Thursday): NAIST, Ikoma

JAN T A S T B Hosokawa iz sm APV HiciET 25 S 1 7 F BB T4 8 - 48 -
9:30-19:00: Discussion with Professor Hosokawa for the femtosecond laser

application. I also discussed with Professor about transportation of my equipments (one
cell PCR, incubator, etc) in NAIST.

= H —-+ = March 22 (Friday): AIST, Ikoma
AN A T S T8l Hosokawa 25 5 HERAE S am R PP ARE S HAVER > B &TE
IR TEYIAHRE L > DU k& e 55 [REAY Er 20 {a] v DABERE AL o

9:30-19:00: Discussion with Professor Hosokawa and students for the femtosecond
laser application, which included application on plant cells. Generation of impulse force by
femtosecond laser, and 1its application for cell transfer was discussed.



19:00-24:00: Moving to Hotel near Haneda international airport.

— H —-+= March 23 (Saturday): travel to Hsinchu

FETE JAL 0802 FEf% > R[E[ZEH T - 15:30-23:30: I departed at Haneda Tokyo

international airport at17:55 and arrived at 14:00 at Narita international airport in Japan

(JAL 0802).
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1) LR ELE AR AP FE S LAYET S Volume-change of neuron and astrocyte:

Discussion with Professor Tsubokawa of TFU by telephone.

Tsubokawa 7~ El & HALEL 2 IR H RS AH sk Ae iR B L B B A
58 - ARIBAMG I R A E g rHEN e B Ayl t e e By i 2 N e
T [EIRF Attt 0 P AR R AR SRR T A A 2 LR - P DURAE T
IEAERE G PRI > R H R AR & U RO S 4SS - - B4R
=Y AR > GG =B HEE BB R AR as Ry (L - DLEJT AR
PRt EE AR EEEHE - Ll Tsubokawa BUR CACSE R E4E A T = — S /bhkE:
g olR ErURIFRIFE - SBERPIEAE TS (ER = -

He said the volume of brain tissue including neurons and astrocytes changes in

relation to neuronal activity, which is one of the physiological responses associated with
neuronal activation. The volume change and synaptic response 1s correlated. Although he
has done experiments using brain slice, the cultured cells may change their volume within
a few min. In his experiments, because his sample was brain slice (hippocampal from mus
musculus), the neuron-astrocyte networks were ablated. Therefore he said that he is
interested in the networks formed on the substrate on monitoring volume change (swelling)
responding to drug simulation. Now we are preparing two dimensional (2D) culture,
although three dedicational(3D) coculture 1s more suitable condition. There are some
difficulties on conventional 3D coculture of neuron and astrocyte. Identification of neuron
and astrocyte 1s very difficult without immunological staining that induce unknown effect
on that cells. If we make patterns of neuron according to the design and covered with
astrocyte layer, the neuron and astrocyte will be distinguished by their spatial locations.
This can be achieved by our femtosecond laser-induced surface modification as cell array.
The detection of volume change on each cells will be able to be monitored with 3D
Rayleigh scattering imaging that is now developing in our laboratory. The water flow
through aquapoline on the cell membrane may be possible to detect by our another method
using correlation spectroscopy for micro area. Thus the information from Professor
Tsubokawa 1s important for our study. Additionally, he kindly lent me CO: incubator and
desk-top clean bench, that are already transferred from TFU to our laboratory in NCTU for
our experiment. We want to collaborate together for monitoring the volume change on
neuron-astrocyte circuit on a substrate, which was formed by femtosecond laser-based
surface modification method.
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2) NAIST {EHTHH PN AR A DI (1 25 2 e P B 4l A= W 22 58 E AU HERE Recent

progress in femtosecond laser application on cytology in NAIST: Discussion with

Professor Hosokawa of NAIST.

D) TR B H15 [0 IR E 7T e oA © Hosokawa 245 4% E SHREAE AR
EIIERTY - ARFESET B SRR - Al EnE R - 9T T4l EE
G FEREEENL(E FEVRA (% - RS 7T A A4S R © S LEEEELY/ N 2 D1l
SREF > AR T AR - TS BEEE AR 2 5 ORISR > SRARRIHEHL =) FE%E - Hosokawa
BULFOR IS 0] DAY EEh R AR ( ER T ST S R b 4N A
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E(ETETE o EE 11 A5 NAIST #47
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1) Cell manipulation by femtosecond laser induced impulsive force: Recently, our

group has reported different direct patterning method using femtosecond laser matching
biological window (700-900 nm) because of minimal damage of proteins and cells. In our
method, the laser 1s focused in aqueous solution located in intermediate layer between laser
targeted and post-patterned substrate, therefore their arrangement is fully carried out in
aqueous solution. Functional proteins caged in insoluble articles and cells are released into
liquid by cavitation bubbles accompanied with mechanical force generated by femtosecond
laser, which were transferred to substrate, resultantly their pattern. This particle patterning
was firstly developed by Professor Hosokawa. As I want to know the further results in his

laboratory, I visited to him.
If the laser 1s focused in culture medium, the cells sometimes moves from laser focal

point to further position and sometimes moved to the focal point. The reason is not cleared.
His group has done a series of experiment by changing the distance of cell and focal point

(Fig. 1.).
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Fig.1. Micromanipulation of individual particles in water by femtosecond laser
induced cavitation bubble. A) Schematics of movement of bead after the laser
induced. B) Illustration of the result. Final position of the bead means the shifted
position of the bead. If the bead is pushed from the focal point the final position
shows plus, and if the bead 1s pulled toward focal point it shows minus.

If femtosecond laser pulse is focused in water, the shockwave and cavitation bubble
18 generated at its focal point. The cavitation bubble is quickly collapsed. If the bead
(model of cell) was sit near the laser focal point, the bead is affected with force of
generation and collapse of the bubble (A). The experimental data was as many as 1000
points. The result was very interesting. If the laser was focused near the cells less than 25
um, the cells were pulled from focal point. If the laser was focused farther than 25 um, the
cells were pulled-in the focal point (B). Thus the force field of the cavitation bubble is
local as several tens micrometers and the direction of force can be switched. He said this
phenomenon 1s able to be explained theoretically by kinematics. (High confidentiality

because of preparation of paper)

This information is very useful for our project, because the force of cavitation bubble
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18 as strong as detach a cell adhered on culture substrate.

11) Gene transportation to plant cells by femtosecond laser. pressure of cytosol 1S
higher than around in case of plant cells (osmotic pressure). It causes difficulty of gene
transportation of plant cells. Although femtosecond laser easily make a hole to plant cell,
this osmotic pressure inhibit the genetic transformation. His group is developing gene
transfer method by laser-induced engraving the plant cells under high pressure. He shows a
prototyping of the equipment. This 1S interesting but is not related in our study.

111) GIST-NAIST-NCTU: Professor Hosokawa asked me to come to NAIST together
with students of NCTU at GIST-NAIST-NCTU conference. The conference will be held in
NAIST, November.

1v) Equipment and cells I used in NAIST: 1 have many equipment in NAIST.
Although I have a right to be fair in transfer them from NAIST to NCTU, the transfer fee
is expensive as high as 2,000,000 JPY (about 700,000 NT$). Additionally there are no
space in our laboratory in NCTU. We decided we do not transfer the heavy and big
equipment excepting small one that I can carry by aircraft. Equipment (big) are
vacuum-chamber for oxygen sensitive chemical reaction (stainless steel, one piece), baking
chamber (200°C, one piece), spinner for resist-coating on substrata (2 piece), program
air-incubator for bacteria culture (2 pieces), and mechanical shaker (2 pieces). Small ones
are single cell PCR (1 piece), electrophoresis set, UV illuminator, diode laser (473 nm, 1
piece), and bottle roller (1 deices). I have stored many cells at NAIST, such as normal
human astrocyte, human neuronal pigment cell, normal human keratinocyte, PC12, C2C12,
NIH3T3, Hela, CHO, P19CL6,ST2. I can transfer them from NAIST to NCTU for our
study. I have checked they are safely stored in liquid nitrogen or -80°C.

By the way, Prof. Tsubokawa of TFU kindly rent me a CO: incubator and a desktop

clean bench, which were already transferred from TFU (Sendai) to NCTU.
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Open domain papers from Prof. Tsubokawa:

1) Sachiko Takagi, Kunihiko Obata, Hiroshi Tsubokawa, GABAergic input
contributes to activity-dependent change in cell volume in the hippocampal CA1 region,
Neurosci. Res. 44, 315-324 (2002)

R« BRI E I R R — BB A RANY AR BN IE - (B 0T T/ NER

RISESY) R AAEAS TR L B2 S FERYAS T AE A - 72 CA LS 4HREIE REY [E]H -

ATEALINCEF BRI BTG M 1R ool B (i g sk M AR - EEREGE REURIRA
GABA-A Za3HYERET BN 28 S8 [FEAVEE RS CAIEM K2 HFTERA -

Abstract

Swelling of brain cells is one of the physiological responses associated with neuronal

activation. To investigate underlying mechanisms, we analyzed interactions between
changes 1n cell volume and synaptic responses in the hippocampal slices from rodents.
Swelling within the CA1 area was detected as increases in transmittance of near-infrared

licht (IR), and field excitatory postsynaptic potentials (fEPSPs) were recorded

simultaneously. High frequency stimulation (HES) of afferent fibers induced a transient

increase 1n IR transmittance in both somatic and dendritic regions, which was temporally
associated with fEPSPs. Stimulus-induced increases in transmittance were strongly reduced
in the presence of dl-2-amino-5-phosphonovaleric acid and
6-cyano-7-nitroquinoxaline-2,3-dione, indicating involvement of glutamate receptors.

Application of a GABA-A receptor antagonist, bicuculline, increased the amplitude
and time course of the fEPSPs but rather decreased HES-induced optical signals. When the
extracellular Cl— was reduced to 10.5 mM, HES induced a decrease in transmittance,
which was also blocked by bicuculline. In hippocampal slices obtained from mice deficient
in the 65 kDa isoform of glutamic acid decarboxylase, HFS-induced signals were
significantly smaller than in the wild-type mice, although fEPSP profiles did not differ.
These results suggest that Cl  influx through GABA-A receptors contributes to
synaptically evoked swelling in the hippocampal CA1 region.

Keywords

Intrinsic optical signal; Cell swelling; High frequency stimulation; Hippocampal
slice; Glutamatergic input; GABAergic input
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2) R.D.Andrew, M.E. Lobinowich, E.P. Osehobe, Evidence against volume
regulation by cortical brain cells during acute osmotic stress, Experimental Neurology, 143,
300-312 (1997)

R PR B A AAEAG TRIERZ A BRI SR B #E A LAEEh RS
TSEEIE e - AWTFeieig S RadH V) R AR ISR DL E BRAINB R R AR R
FEH CAVEIS R T 2B  ioik 1 @5 e A 4H AR ERRH (8 LARAMAG
TRV - (FE RG] R oY B AR EN2 BB T A R DU RS R
b i EAEREIIS B e Eie T - AR RYE o A e 2Eim IEdTHERS -

Abstract

The cell bodies of neurons and glia examined in culture respond to severe osmotic
stress (100 to 200 mOsm) by passive volume change that is followed within several
minutes by volume regulation, even in the face of maintained osmotic change. However, in
clinical situations, the brain does not experience such precipitous and severe changes in
brain hydration. In this study we examined if there 1s evidence from the hippocampal slice
preparation supporting the type of volume regulation observed in cultured brain cells.
Within the CAl region we 1maged changes in light transmittance (LT), recorded the
evoked field potential, and monitored tissue resistance (all measures of cell volume change)
during the first hour of osmotic stress to search for evidence of volume regulation. During
superfusion of hypo-osmotic aCSF (=40 mOsm), LT increased 24 to 28% 1in the dendritic
regions of CAl neurons. The LT reached a plateau which was maintained throughout a
45-min application interval, more than enough time to reveal a regulatory volume decrease.
Upon return to control saline, LT immediately returned to baseline and settled there.
Hypo-osmolality reversibly increased the relative tissue resistance (Kre.) measured across
the CAl region with a time course identical to the increase in LT. Conversely,
hyperosmotic aCSF (mannitol, +40 mOsm)decreasedboth Rretby 8% and LT by 15.5% with
no indication of a regulatory volume increase. The CA1 cell body layer showed only slight
hypo-osmotic swelling whereas exposure to the glutamate agonist quinolinic acid caused
pronounced swelling in this region. Even when osmolality was decreased by 120 mOsm
for 20 min, dendritic regions responded passively with no regulatory volume decrease.
However, when aCSF Cl was substituted, the CA1 dendritic regions displayed immediate
swelling followed by a dramatic volume reduction under nonosmotic conditions, indicating
that such behavior can be evoked by extreme aCSF dilution. We conclude that in the brain
slice preparation, the cortical cells do not exhibit classic volume regulation in response to
sudden physiological changes in osmolality. Moreover it 1s the dendritic region, not the cell
body region, that displays dynamic volume change during osmotic challenge.

16



3) C.E. Morris, J.A. Wang, V.S. Markn, "The invagination of excess surfce area by
shrinking neurons, Biophys. J. 85, 223-235 (2003)

S AR A e A T S R B O T AR R B A2 T ARG
YRS - DU am & B TP A2 B PR R (e T A AR AR R - (F &38R
TS BRI - AR s TR Y LS - L E Rt fIHEE #haT
AR 2 E BRI AAAE L B sHE AR ~ IR R Z fE D -

Abstract

Over most of their surface, neurons are surrounded by a narrow extracellular gap
across which they make adhesive cell-cell contacts. Thus constrained, how do they regulate
their geometry when osmotically perturbed? Specifically, are there any interesting
consequences of local osmosis 1n such conditions? Using confocal imaging of shrinking
neurons 1n culture, we observe water exiting into the cell-substratum gap. This water efflux
generates a hydrostatic pressure that, at discrete (low adhesion) sites, causes the neuron's
excess plasma membrane to invaginate, thus compensating for shrinkage with a
pseudo-intracellular volume. To identify the minimal requirements of the process, a
compartment/flux model was constructed. It comprises, essentially, a large liposome
adhering 1n a labyrinthine fashion to a substratum. The model predicts that invaginations
form at the cell-substratum interface under the influence of local osmosis, provided that
adhesion across the gap is neither too tight nor too loose. Local osmosis in the central
nervous system, in contrast to epithelia, 1s usually considered a mishap, not a physiological
opportunity. We postulate, however, that local osmotic forces acting in conjunction with
confined extracellular spaces could be harnessed in service of surface area, shape, and
volume regulation when intense neural activity alters a neuron's osmotic balance.
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