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ABSTRACT KEYWORDS
In thisreview article we have out lined the applications of Laser in Bio- Laser;
technology. The laser-based systems are the state of art technologies for LMPC;
distinct and noncontact manipulations in cellular or sub-cellular dimen- IVF,
sionswith nanometre accuracy and have become fundamental toolswithin DNA seguencing;

entire community of life science research,. Laser-induced optical forces Femtosecond laser.
can be used to guide and deposit 100nm-10pm diameter particles with
micrometer accuracy; this process is known as ‘laser-guided direct writ-
ing’. Laser and its scrupulous application to various steps in IVF (In-Vitro
Fertilization) processisafield of growing interest. The diversity of com-
pact blue-green lasersin both the variety of technical approaches used to
produce them and the wide range of applications for which they have
been sought has made the field of compact blue green lasers interesting.
Single cell manipulation in tissueis performed with the use of shockwave
manipulation and laser trapping. The laser method is used to improve
gene transfer for therapeutic purposes.
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INTRODUCTION

Thefirst |aser-ass sted microdi ssection of tissuesec-
tionswas published in 1976, The dissectateswere
processed for quantitative, histochemical analysis. In
1995, singlerena tubuleswere captured from freeze-
dried sectionsfor subsequent genetic analysig3. Opti-
cal forces can be used to mani pul ate thousands of par-
ticlessimultaneoudly and to deposit themin acontinu-
ous stream onto surfaces with micrometer accuracy™4.
Hollow-coreoptical fibrescan aid optical-force-medi-
ated particle guidance, creating new opportunitiesfor
thelaser guided direct writing of awidevariety of ma-

terid 9359, Any particulatematerid, including both bio-
logica and dectronic materids, can bemanipul ated and
deposited on surfaceswith micrometer accuracy. Po-
tentia gpplicationsincludebiochip-array fabricationand
threedimensionad cell patterning for tissue engineering.

Laser technology has been used in Assisted Re-
productive Technology sincethe 198097 Laser pulse
hasfound wide gpplicationin IV Ftechnology, particu-
larly when efficient and precise manipulationisof para-
mount importance’®. Laser beamstravel through the
objectivelenses and only mi croscope stage movement
isrequired to adjust embryo position’®*4. In contrast,
contact laser systemsrequiredirect contact between
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thelaser and embryo, usually with either glassor an
optical fibre*?. Thefirst generation of lasersusedin
IVFareArgonfluoride (ArF), Xenon chloride (XeCl),
Kryptonfluoride (KrF), Nitrogenand Nd: Y ttrium-Alu-
minum-Garnet (YAG) lasers. The next generation of
lasers were designed to circumvent dangers of UV
wavelength and cytotoxicity by emittingwavel engthsin
theinfrared region (>800 nm)™. Thefirst of thenewer
generation of lasersto beusedin IVFwasthe2.9 um
pulsed Erbium: Y ttrium-Aluminum-Garnet laser (Er:
YAG)!3, Currently, the 1.48 um diodewave ength In-
dium-Gallium-Arsenic-Phosphorus (InGaAsP) semi-
conductor laser isusedinIVF Itisanon contact | aser,
hasasafer wavel ength and produces cons stent results
intheform of uniform, smooth edged tunnel§*4.

The biocompatibility of polymer surfacestreated
with UV-radiation in reactive atmosphere hasbeenin-
vestigated for variousdifferent typesof biologica cdlls.
AmongthoseisHuman Umbilicd VeinEndothdlid Cells
(HUVEC). They play animportant rolein the avoid-
anceof thrombog s, theimmuneresponse after injuries
or thevascul arisation of tissug*™. Thespecialized topi-
cal meetingsthat sprang up in the early 1990sin re-
sponsetointerest inthefield of compact blue green
lasers such asthe optical society of America’s Topical
Meeting On Compact Blue-Greenlasers, heldin 1992,
1993, and 1994 brought together researchersfrom such
disparatefidd assubmarine communicationsand DNA
sequencing.

A new method has been proposed using nonlinear
effects of femtosecond laser(*®. In comparison with
forceof aconventional laser trapping, theforce of the
shockwaveisenough larger thanthat of thelaser trap-
ping, becausetheinitid velocity of theparticle, whichis
estimated to be over 3 mm/sec at RO of 6 um, is ex-
tremdy larger thantheve ocity whenthepartideistrans-
ported in water by the laser trapping!*”. Theforce of
shockwave was gpplied to separate two daughter cells
of fission yeast confirm the interaction between the
shockwaveandlivecellg,

L aser microdissection and pressur e catapulting
(LMPC)

Togart, thecaptureof afew hundred or somesingle
cdlsfrom heterogeneousti ssue sampleswas performed
mechanically using scal pel sfor dissection and needles
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or forcepsto lift the dissected areas from the object
slide89, However, these needl e-based microdi ssec-
tion methodsare not convenient for routinework. There
isalso adanger of contamination dueto direct contact
of sampleswith mechanical tools. Laser pressure cata
pulting (LPCP®) isafascinating technol ogy that dlows
precise captureof pure cell populationsfrom morpho-
logicaly preserved cdlsand tissue sectionswithout any
mechanical contact, solely by theforce of thefocused
laser light(221, With asinglelaser shot, the selected
sampleis gected out of the object plane and trans-
ported over centimetre-wide distancesinto an appro-
priate collectionvial. Thisprocess was named “laser
pressure catapulting” (LPCP®)[20,

L MPC inimmunobiology and immunopathology

Recently, CytokinemRNA levelswere quantified
insingledveolar macrophagesisolated by laser micro-
dissectionfrom normad and immunologicaly cha lenged
micd?. It hasbeen shownthat multipleRNA and DNA
sequences can be anayzed from microdissected cell
samplescontaining aslittleasten cells, demonstrating
that laser microdi ssection givesthe specificity neces-
sary to study these complex interactionsin detail >,
Microdi ssection approaches have been used to study
thecdlular originof lymph proliferativedisorders. These
studieshave shown that | aser-assi sted microdissection
can beavaluabletool inthe diagnosis of these patho-
logical conditiong®#7,

LMPC in oncology

LMPC can easily be applied to analyze expressed
genesfrom afew cellsor evenfromsinglecells, which
wereretrieved from archival, formalin-fixed, and par-
affin-embedded tissue as published by variousresearch
groupg02223.2829_ After microdissection of cellsfrom
archival tissuesfollowed by RT-PCR anadysis, specifi-
cally RET/PTCL transcription was detected in about
80% of thyroid papillary carcinomas or in variants
thereof(?®, Thereisemerging evidencethat epithelial
tumour cellsare ableto disseminateto secondary or-
gans at an early stage of primary tumour develop-
ment'®. In associationwith laser isolation, individual,
disseminated tumour cellsderived from bone marrow
aspirateswereandyzed at the genetic level™. In asso-
ciationwithlaser isolation, ISET (Isolation by Size of
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Epithelia Tumour Cells) alowed geneticandysisof in-
dividua CTCs(Circulating Tumour Cells)®U.

LMPC for life-cell isolation

Up till now the microdissection method has been
limitedto cellsfrom fixed or frozentissues. Capture of
living cellsusing the cooki e cutter method resultedin
thedestruction of theisolated Cellg*2. However, cap-
tureof living cellssegregated from admixtures of cells
would behighly desirablefor different investigationg=.
A modification of thelaser techniqueand anewly de-
veloped cdll culture protocol now alows microdissec-
tionand “ejection” of living single cells or cell clusters
with ongoing cultivationfor potentid treetment and andly-
sig,

L aser-guided direct writing

By smply changing thelaser-beamfocus; it hasbeen
suggested that optica forces can beused to manipulate
thousands of particlessimultaneoudly and to deposit
them in acontinuous stream onto surfaces with mi-
crometer accuracy®4. Using aweakly focused laser
beam (i.e. alow-numerical-aperturefocusing lens), the
guidanceof living cdlsinanagueousfluid demongrated
for cdll sorting™!. ‘Laser-guided direct writing’ has been
demonstrated with avariety of organic and inorganic
particlesin both gasand liquid phases*3¢, and with
living cdlsin culturemedium®®. Laser-guided direct writ-
ing has advantage over photolithography becauseit
doesnot requirecorrosivechemicals. Ininitia studies
with embryonic-chick spinal-cord cells, it has been
found that individual cell (diameter 59 mm) could be
guided by a 450 mW near-infrared laser beam and
deposited in arbitrarily defined arraysonto aglasstar-
get surface’d. Thelaser-guided direct writing systemis
fundamentally different from optical trappinginthat it
provides propulsion aong the beam axisinstead of trap-
ping. However, by s multaneously coupling light into
both endsof ahollow optical fibre, atrap canbeset up
insdethefibre.

Laser pulseapplicationin IVF (In-Vitro Fertiliza-
tion)

Studiesusing laser pul seshave determined the ex-
tent to which the zonahardens during the period from
oocyteto blastocyst and further i dentify which embryos
may need ass stancewith sperm entry or hatching. Zona
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hardnessisgreater duringin vitro culture ascompared
within vivo growth®”. Identical laser pulses create
larger holesrangingfrom 13-17 uminthezonaat ear-
lier stages (oocyte, zygote) as compared to more ad-
vanced stages of development (morula, blastocyst)
whereholesaresmaller at 10-13um 3, Also, larger
holeswerecreated in blastocysts cultured in vivowhen
compared withinvitro grown blastocysts, suggesting
zonahardening during culturé®#=, Polar body can pro-
videhelpful information by reflecting the materna ge-
netic materia containedin that egg®4%. Abnorma oo-
cyteswith genetic defects can besd ectively excluded ™.
When polar body biopsy isperformed using lasers, a
pulseisdirected at theregion of zonapellucidanearest
the polar body. Two pulses of 14 msaregiven by a
1.48 um non contact laser, creating an opening of ap-
proximately 14-20 umi“l, Themateria isthen extracted
withablunt capillary, avoiding potential damagetothe
oocytewith asharp instrument, and the entire proce-
dureiscompleted injust afew minutes*l. A similar
procedure has been described using anitrogen 337 nm
laser and Nd: YAG laser™,

Blastomerebiopsy becomesrelevant at alater tage
indevelopment, after fertilization. Until theintroduction
of laser assisted opening of the zona, blastomere bi-
opsy wasperformed by zonadrillingwithan acid tyrodes
solution2. Laser pulsesareutilized to createaholein
the zonapel lucida, through which ablastomereisre-
moved®. Analysisof laser pulselengthingeneratinga
holefor blastomere extraction showed longer pulse
duration (0.604 msvs. 1.010 ms) produced larger hole
sizes (10.5 nmvs. 16.5 nm, respectively)®®. Studies
comparing embryos after laser assi sted biopsy to un-
treated embryos showed no adverse effects of treat-
ment and similar hatching and devel opment rates*l.
ICSI (IntraCytoplasmic Sperm Injection) isperformed
by aspiratingasperminto asharp glassneedle(5umin
diameter), perforating the oocyte’s zona and deposit-
ing the sperminto the ooplasm. Laser assisted zona
drilling prior toICSI can beusedtoincreasethelikeli-
hood of successful fertilization*. Thismay be done
with a193 nmArgon fluoride (ArF) laser, which was
showntodrill very preciseholeswithout undesired dam-
ageto the zonapel lucid“®!. A 1.48 um diodelaser can
also be used to assist with ICSI“647, The ICSI injec-
tion pipetteisintroduced through thischannel to ddiver
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the previoudly immobilized sperm“&#, To ensureeven
lesstraumatic manipulation, sperm may beinjectedinto
the oocytethroughalaser drilled holeusing optica twee-
zerstoachievefertilization®49,

Typicaly during ICSl, the sperm tail ispositioned
under the glass microcapillary injection needle. The
needleisbrought down and acrossthetail causingitto
break andimmobilizing the perm*%52 | ow level la
Ser pul se can be used to immobili ze sperm, without af-
fecting viability!424753, Fertilization rateswoul d be ex-
pected to be correspondingly higher if better spermare
selected for theinjection™, Laser-assisted zonapd lu-
cidathinning prior to ICSI resulted in decreased 0o-
cytedegenerationrates, better blastocyst hatching rates
andimproved pregnancy ratesafter day 3embryotrans-
fer®™, Laser assisted hatchingisgenerdly well-accepted
inlVFlabs, alowingimproved standardi zation between
operatorg>5el,

Compact blue-green lasersin DNA sequencing

Blue-greenlasershave usesinthefield of biotech-
nology*?. Theobjectiveof DNA sequencingisto de-
termine the sequence of the nucleotidesthat encode
geneticinformationinthemolecular structureof DNA.
Such sequencesareimportant for diagnosing genetic
disordersand alsoimportant in thefield of forensic sci-
ence. Inatechniquefor DNA sequencing, the genetic
codeisdetermined by creating aseriesof replicasof a
particular section of the DNA molecule. Eachreplica
starts at the same point in the sequence of the DNA
molecule, but differsinlength from other replicas by
one nucleotide. Fluorophores determinetheterminat-
ing nucleotideof each replicaby “tagging” the replica
with oneof four fluorophores, each fluorophore deter-
minethe presenceof one of thefour nucleotides. The
fluorophoresarechoseninamanner that their emission
peaksare sufficiently separated to beeasily resol ved.
Four common fluorescent molecules used for thispur-
pose are Fluorescein, NBD, Texas Red, Tetramethyl
rhodaminetogether with their absorption and emission
spectrd®. Sorting of the replicasby length can bedone
by forcing them to diffuse through an el ectrophoresis
cdl. Excitationfrom abluegreen|aser excitesemisson
from thefluorophoreas each replicareachestheend of
thegd. By andyzing thefluorescent emissonthrougha
filter whed, thefluorophore and corresponding nucle-
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otideareidentified’?. Severa commerciad productsare
availablethat useargon-ion lasersasthesource of blue-
green light asaresult of agreat deal of devel opment
has goneinto DNA sequencersbased on thistechnol -

ogy.
Non-destructivemanipulation of singlelive plant
cell by laser induced micro shockwave

Somekind of snglecal manipulationfor both plant
and animal cdllshavebeen demonstrated by using laser
trapping and | aser ablation'6%61, However, usage of
thelaser trapping islimited, becausethe optica pres-
sureisnot so strong™*”. To overcomethisproblem, a
new method has been proposed using nonlinear effects
of femtosecond laser!8. When anintensefemtosecond
laser isfocused on atransparent organic/biological
material, various nonlinear photophysical and photo-
chemica dynamic processes, such as, shockwave, cavi-
tation bubble, plasma, and so on, areinduced asare-
sult of high efficient multiphoton aasorption, mutud in-
teractions between excited states, and/or i oni zationl®*
&I, The force of the shockwaveis considered to be-
come much larger than that of the conventional |aser
trapping. Itissupported that singlecell manipulationin
tissueis performed by combining the shockwave ma-
nipulationwithlaser trapping.

L aser enhanced genetransfer

Much interest hasbeen shown intheuse of lasers
for non-viral targeted gene transfer, sincethe spatial
characterigticsof laser light are quitewd | defined®l. A
smdl holemadeinacel membraneby pulselaserirra-
diation to help a gene contained in a medium to be
transferred into the cytopl asm through the hol €. This
hol e disappearsimmediately with the application of la-
ser irradiation of the appropriate power®7,
Femtosecond |aser treatment representsanovel and
atractivemethodfor invivo geneddivery becausethe
lasers are convenient to operate, relatively non-inva-
sive, and have been shown to Sgnificantly enhancegene
transfection efficiency without detectabl e tissue dam-
age in mice®®%, They have been applied toward in
vitro genetic modification of cellsand haverecently been
found toimproveintradermal and intramuscular deliv-
ery of DNA in mice®%, Such alaser technology can
beusedto deliver DNA encoding antitumor genesin-
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cluding proapoptotic, immunostimulatory, and/or
antiangiogenic factorsto effect eradication of tumours
through gpoptos s, immune-mediated mechanisms, and
nutrient deprivation. Infuturestudies, it will beimpor-
tant to explore the employment of laser treatment in
combinationwith genetherapy using plasmid DNA en-
coding thesefactorsfor the control of diseasein pre-
clinicd modds

CONCLUSIONSAND PROSPECTIVE FOR
THEFUTURE

In modern biotechnol ogy, the LM PC technology is
anindispensablefor functiond genomicsand proteomics
studies. LMPC in combination with MALDI (Matrix
Assisted Laser Desorption lonization) allows protein
fingerprinting in order to differentiate between various
cell types, normal, premalignant, or malignant cells. In
botany, singlechloroplast can beisolated to visuaize
interior of pollen grainsand also for plant systematic
studies. Laser-guided direct writingisanemergingtech-
nology for the high throughput deposition of particles
withmicrometer accuracy. Lasersareussful inlVFtech-
nology withwhichto perform ddlicate proceduressuch
asblastomerebiopsy, drilling through the zona pellu-
cida, sperm manipulation and cellular microsurgery.
Laser technology may make performance of thesetasks
easier and faster. Astheuse of laser technology inre-
productive medicine spread among alargearea, long
term studieswill be needed to evaluate DNA abnor-
malitiesthat may not clear until later inlife. Laser light
scattering has proved a valuable technique for
characterisation of macromoleculesin solution. Inthe
future, light scattering based assayswill offer afaster
and chesper aternativeto established screening meth-
ods. A new femtosecond laser-based DNA delivery
strategy will aid genetherapy with plasmid DNA and
DNA vaccinationfor thetreatment of human disease.
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