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The epidermis

The skin is a protective barrier, it takes parttime perception, the
thermoregulation, and is essential for the normaatfion of immune system. It
is also a hormone producing organ, cholecalcifenthmin D3) is created in the
skin by UV-B radiation. The skin has three lay¢ng, epidermis, the dermis and
the subcutis. The epidermis is developed from tbwderma and does not
contain blood vessels or nerves. Keratinisatiothefepidermis starts in the 3rd
month of the embrional development. The basal layehe epidermis is built
from stem cells. After the mitosis one cell remamshe basal layer, the other
starts its differentiation into a keratinocyte. the 10-12th week of the
embryonary development neuroectodermal cells negmato the epidermis.
They are the ancestors of the melanocytes whickduge the melanin. The
keratinocytes do not produce any melanin, they tget melanin from the
melanocyte, and accumulate it over their nucleus cap.

The HaCaT cells are commonly used models of themabrhuman
keratinocytes. The HaCaT keratinocytes do not @ontaelanin, which could

protect them from the UV-B radiation.

UV-B radiation

The light is a part of the electromagnetic radmatibhe UV-B (280-315
nm) radiation is a part of the sunlight and it caach the ground. Most of the
UV-B light can be eliminated by window glass but by water. UV-B is also
emitted by several diagnostical and therapeutieaiogs. A positive effect of
the UV-B radiation is to create vitamin D3 in thans On the other hand, the
most common biological effect of the UV-B radiati@sunburn (erythema),
and it also irritates the conjunctiva and the carn€aken together, UV-B
radiation has mostly negative effects: it causegeaand chronic skin damages.



These negative effects consist of damages of thé\,DRNA, protein and

membrane, which can lead to carcinogenesis.

Function of the keratinocytesin wound healing

During the first day of wound healing, macrophagpear in the wound
bed. These macrophags produce cytokines to caihieolvound healing. In the
wound edge, the integrine mediated connections dertwthe keratinocytes
break up before the cells are mobilised. The kaoatites flatten to cover an as
large area as they can, and start to move intavthed bed. The speed of their
movement is approximately 0.5 mm/day. Mitosis ot tkeratinocytes is
enhanced by epidermal growth factor and keratirogybwth factor (KGF).
Diabetes and the excess of gucocorticoids dephesproduction of KGF, and
delay the wound healing.

Purinergic signalisation in keratinocytes

The purinergic compounds are essential componenétie DNA, RNA,
and energy storing molecules. The first publicatadyout their extracellular
effect was appeared in 1929. ATP could be seciatedhe extracellular space
as a cotransmitter or it can be also released figimg cells. Because of the
latter, the ATP is a danger sign for most primitiife forms. The purinergic
receptors are so common in living organisms, tha hard to find cells not
expressing any purinoreceptors. ATP appearing énetktracellular space can
bind to ionotropic P2X and metabotropic P2Y purgiemreceptors, which are
localised in the surface membrane.

Healthy human epidermal keratinocytes express;PRYY, P2Xs and
P2X; receptors. P2Y and P2¥ receptors could be detected in the cells of
stratum basale, their funcion can be to controliferation. P2X receptors were

detected in the cells of stratum spinosum, whilX-P2ceptors were detected in



the stratum corneum. Their appearance can be cmthetith controlling

differentiation of the keratinocytes, or the indactof apoptotic cell death.

Protein kinases and phosphopr otein phosphatases

The reversible phosphorylation caused by protemases has essential
role in the response of cells to extracellular algn Usually the terminal
phosphate group of the ATP molecule is used for ghesphorylation. The
phosphoprotein phosphatase (PP) enzymes can rephogphate groups from
different proteins by hydrolytic cleavage. 2-3%tloé genetic information in the
eucaryotic cells codes protein kinases and phosptep phosphatases. 30% of
the intracellular proteins can be phosphorylated dogtein kinases. The
phosphorylation of the serine/threonine groups asentommon than that of the
tyrosine groups.

The phosphoprotein phosphatases are categorizételbgminoacid side-
chains they use as a substrate of dephosphorylaté®m can distinguish
serine/threonine (PP1, PP2A, PP2B, PP2C and thentigcdiscovered PP4,
PP5, PP6 and PP7) and tyrosine phosphoprotein patzses.

Serine/threonine phosphatase inhibitor s

We used two different serine/threonine phosphatakéitors in our
experiments. Okadaic acid (OA) was isolated from Halichondria okadai
marine sponge, but actually it is produced by nealgae. It inhibits the protein
serine/threonine protein phosphatase 1, 2A and @Byrsups. Its highest
inhibitory effect is on PP2A, then on PP1 and less effective on PP2B.

Calyculin A (CLA) was isolated from the marine sgerDiscodermia
calyx. It is a more effective serine/threonine phospdatahibitor than the
okadaic acid. Calyculin A can potently inhibit bo#P2A and PP1. Neither
calyculin A nor okadaic acid has any effect on mdadcalic phosphatases or

phosphotyrosine protein phosphatases.



Aims

The skin is a protecting barrier composed of mok#yatinocytes. We
examined the effects of UV-B irradiation and sdnaton the calcium
homeostasis of HaCaT keratinocytes. Our aims veere t

o examine the effect of UV-B irradiation on the vidagi of HaCaT
keratinocytes

« examine the effect of UV-B irradiation on the puamaceptor expression
and calcium homeostasis of the keratinocytes

* measure the ATP-induced apoptosis connected to REZX¥ptors.

Further experiments revealed spontaneous intrdaeltalcium transients in
HaCaT keratinocytes. So our next aims were to
» characterize the spontaneous intracellular cal¢cransients
* examine the effects of scratch on these calciunsieats
* examine the effects of phosphatase inhibitors esdlcalcium transients
and on the migration of keratinocytes.



M aterials and methods

Culturing HaCaT keratinocytes

HaCaT keratinocytes were cultured in Dulbecco’s mnedi Eagle’'s
medium (DMEM) supplemented with 2 mmol/L L-glutaajnl0% fetal calf
serum and antibiotics (50 NE/ml penicillin, 5@/ml streptomycin and 1.25

ug/ml fungizone) at 37 °C temperature in a 5%,@@Mnosphere.

RT-PCR

For RT-PCR analysis total RNA was isolated from thdtures with
Qiagen RNeasy® Micro Kit. Reverse transcription wpsrformed by
Omniscript reverse transcription kit and oligo(ddnmers. Amplification of
specific cDNA sequences was performed with speqpficners that were
designed based on nucleotide sequences publishiée: amternet. PCR samples
were examined on 1.5% agarose gel, stained witidieth-bromide. GAPDH
was used as an internal control. The quantitativalyais of the results was

performed with the ImageJ program.

Western-blot analysis

For the detection of purinoreceptors total celatgs were prepared from
the cultures. Samples were sonicated, then 1/5melaf 5-fold concentrated
electrophoresis sample buffer was added, and waledbfor 10 minat 100 °C.
Samples were transferred electrophoretically tooéllulose membranes. After
blocking with 5% non-fat dry milk in PBS, membranesre incubated with the
primary antibodies overnight at 4°C. After washingth PBST (PBS
supplemented with 0.1% Tween 20), membranes wecabated with a
peroxidase-conjugated secondary antibody. Signhale wetected by enhanced

chemiluminescence reaction.



Irradiation of the keratinocyteswith UV-B

During the irradiation keratinocytes were cultured.0 cm diameter Petri
dishes and kept in 0.5 ml of PBS to avoid desiocatif the monolayer culture.
A broadband UV-B irradiation was applied in a 40end dose for 1 minute.

Deter mination of viable cell numbers

The number of viable cells was determined by maaguhe conversion
of the tetrazolium salt MTT to formazan. Cells wetated in 96-well multititer
plates (5000 cells/well density) and were incubatétt 0.5 mg/ml MTT for 2
h, and the concentration of formazan crystals (@sindicator of number of
viable cells) was determined using a colorimetrgsay according to the

manufacturer’s protocol. Data were expressed as H&EM.

Deter mination of apoptosis

To detect the rate of apoptosis, the Dead Cell Aggp Kit with Annexin
V FITC and Pl was used. Cells were plated in 96tititel plates with black
walls and clear bottoms (5000 cells/well density).detect the total cell number
CyQUANT® Cell Proliferation Assay was used, accogdi to the
manufacturer’s protocol. To evoke apoptosis 180 AIMP was administered to
the cells. Solution was changed after every 12 $ioline apoptotic cell number

was normalized to the total cell number.

Whole cell calcium measurements

Changes in intracellular [€] of the cells were measured with Fura-2-
AM fluorescent dye. The cells were loaded with dye for 60 min in a 37 °C
incubator. Excitation wavelength was alternatedvben 340 and 380 nm by a
Photon Technology International (PTI) Deltascan |duaavelength
monochromator, while the emission was monitored 540 nm using a

photomultiplier. [C&"]; was calculated from the ratio of fluorescencerisitées



(R = Rso/Fsgg) using an in vivo calibration (= 0.2045, Rax= 8.315,
Kqp = 1183):

[Cazqi=KD'B'(R'Rmin)/(Rmax'R)-
Cells were continuously washed with normal Tyrodalutson using a
background perfusion system. ATP was directly aapbnto the cells through a

perfusion capillary tube.

Confocal microscopy

Calcium transients were monitored with the Zeidd\BE confocal laser
scanning microscope. HaCaT keratinocytes were steabwith 1QuM Fluo-4-
AM for 30 min at 37 °C. Calcium imaging was perfednin normal Tyrode
solution. Fluo-4 was excited with an argon ion fagdl measurements were
performed at room temperature. Images were analgyedsing an automatic
event detection program, developed in our depatini€lnorescence of the

images (F) was normalized to baseline fluoresc€hgeand amplitudes of the

transients were determined/s/F,.

Time-lapse photography

An inverse microscope was equipped with a high igeig video
camera, and was connected to a custom-built imaggiisition computer
system. Custom-designed illumination was develofgedninimize heat- and
photo-toxicity. Photographs were taken in every uten The measurements

were performed at 37 °C in a 5% ¢£&mosphere.

Cell migration assay

Cell migration was measured in Boyden-chambers diggufibronectin-
coated (FN) Quantitative Cell Migration Assay. HAdQzells were incubated in
the absence or in the presence of 50 nM OA andMQChA for 18 hours.



Migration of the cells to the other side of the nbeame was assessed by

measuring the optical density of dye in filteretiscat 540 nm in a plate reader.



Results

Effectsof UV-B irradiation on the viability of HaCaT keratinocytes

In our experiments cells were treated with a 1 teiflong, 40 mJ/cf
dose of UV-B irradiation. As measured at severaktipoints after irradiation,
the number of viable cells— expressed as the pegerof control — decreased
substantially as assessed using the MTT assayomytdid the number of cells
decrease but their morphology was also altered.iifadiated cells shrank and

lost their extensions.

AT P-evoked Ca*" transientsin HaCaT keratinocytes

Both control and irradiated cells responded to lehgkes of extracellular
ATP by elevating their intracellular €alevel ([C&'])). In the irradiated cells
the amplitude of the ATP-evoked ¥aransients was lower, and after the
transient the [C&4]; returned to its resting level more slowly than imizol cells.
The resting calcium level and the maximal rateigd of the calcium transients

were also lower in the irradiated cells.

Detection of purinergic receptorsin connection with UV-B irradiation

Our lab previously identified the P2XP2X;, P2X; and P2Y receptors to
be the most common purinergic receptors on norragadd cells. With Western
blot both the ionotropic and metabotropic purinef@ors were detected after 8,
12, 24, 36h of UV-B irradiation. The protein level P2X; was less in the
irradiated cells as compared to control (mock-&dntells in almost every time
points. In the case of P3Xeceptor, after the irradiation, an extra bandeapgd
below the P2X protein band. This might indicate that UV-B irramion
damaged some of these receptors. Examining the p@¢ein levels we could
detect the characteristic (80 kDa) band of thecintaceptor only in the non-

irradiated cells. In the irradiated cells we codé&tect only an approximately 20
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kDa band, which could represent the monomeric fofnthis receptor. The
expression of the P2Yreceptor was higher after 8 hours from the irriaine
although, this change was not detectable afteral2sh After 24 and 36 hours
from the UV-B treatment, the expression of R2¥ceptor decreased in the
irradiated cells.

The mMRNA expression of P2Xeceptor was lower in almost every case
after irradiation, compared to control. After irraiibn the mRNA level of the
P2Y, receptor decreased, and after 36 hours from thadiation, the mRNA of

this receptor disappeared from the UV-B treatets cel

Deter mination of the ATP induced apoptosis

Although the basal rate of apoptosis (in the abseiATP) was already
slightly smaller in UV-B irradiated cells (78+19% aon-irradiated control,
n=8), this difference did not prove to be statatic significant (p>0.2). If
apoptosis was induced by the addition of ATP ih lbathing medium, the rate
of apoptosis was significantly smaller in UV-B drated cells (61+22% of
control, n=8; p<0.02), in line with the absencefwictional P2X receptors on

these cells.

Detection of spontaneous calcium oscillations of HaCaT keratinocytes

Confluent HaCaT keratinocyte cultures displayedwsland repetitive
spontaneous [G§; transients as observed by confocal laser scanning
microscopy.

To assess the underlying mechanisms responsibtedaE4” oscillations
we tested a number of chemical agents. Tetracair200 uM — assumed to
affect only RyR — neither modified the percentadescillating cells nor the
frequency of oscillations. On the other hand, & linhibitor Xestospongin C,
and tetracaine in 1 mM (which concentration is kndw inhibit IRR as well),

significantly reduced both parameters. Similar obstton was made with 10
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uM thapsigargin which depletes the ER*Catores by inhibiting the SERCA

pumps.

The percentage of cells showing Ca* oscillationsin scratched cultures

In scratched cultures untreated by phosphataskiiors the percentage of
oscillating cells decreased significantly near theratch as compared to
unscratched cultures. In case of scratched CLAOArtreated cultures this
significant decrease was also observable compacedheir unscratched
counterparts. On the other hand, the ratio of lagicij cells was significantly
higher in cells treated with phosphatase inhibitbath before and after the
scratch. This was true for all cases except for uhecratched untreated
unscratched CLA-treated cultures. These obsenatitgarly suggest that while
neither CLA nor OA influenced the effects of schang), they both interfered
with the basic mechanism responsible for the geéwoeraf the spontaneous
increases in [CA].

Not only the percentage of the oscillating cell$ &lgo the frequency of
calcium oscillations was significantly lower in teeratched control (untreated)
cultures than in the unscratched control. The meseof the phosphatase
inhibitors did not alter the frequency of osciltats significantly, as measured
before and after the scratch was made. Neverthéhessame tendency was
present in untreated and in CLA and OA treatecscathmely, the frequency of
calcium transients was less in cells next to thiatsh as compared to cells from
unscratched cultures. Furthermore, the presengihadphatase inhibitors also
raised the frequency of oscillations in cells frboth unscratched and scratched
cultures as compared to control cells, althougrsdhdifferences were not
significant. The ratio of cells showing €ascillations next to the scratch was

higher in the presence of phosphatase inhibit@s tmder control conditions.

Effect of phosphatase inhibitors and scratching on the resting [Ca?'];
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After scratching, the resting [€& of the cells near the scratch was
significantly higher in both control, both in CLAr dOA treated cells as
compared to unscratched control or phosphatasbitohtreated cultures. The
Phosphatase inhibitors did not alter the restirgj JCof HaCaT keratinocytes.

Characterisation of the Ca®* transients.

In unscratched cultures in the presence of phoapblainhibitors the
amplitudes of the spontaneousC#ransients were significantly higher than
without the inhibitors. No such increase was obegler analyzing the data of
cells next to the scratch in any of the drug tresttts. Furthermore, except for
the CLA treated cells, the difference in the anmolé values measured in
unscratched cultures and in cells near the screshnot significant.

In control and in OA treated cultures the full tina¢ half maximum
(FTHM) values were significantly higher in the wity of the scratch as
compared to untouched areas. This difference whstatstically significant in
case of CLA treated cells. In unscratched cultl@és\ treatment decreased,
while OA treatment increased the FTHM values. Iisceear the scratch, the
CLA treatment decreased significantly, while OAatreent did not change the
FTHM values as compared to the scratched conthsl. ce

The influence of the scratching on both parametes parallel in control
cultures, i.e. the amplitude as well as the FTHREreased. After the treatment
by phosphatase inhibitors the measured valuesesktiparameters (except for

CLA treatment on FTHM) were also augmented.

Time-lapse and Boyden-chamber experiments to examine the migration of
HaCaT keratinocytes

In the time-lapse experiments the control cellsitasth to cover the
scratched area, and they totally filled it in bg ti#" hour of the experiment. In

contrast, CLA and OA treated cells were not abledwver the scratched area
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during the same time interval, furthermore, in cab®A treatment cells lost
their extensions and their connections with thaighbors by the end of the
experiment.

In Boyden-chamber experiments OA in 50 nM concéwinadecreased
the chemoattractant-induced cell migration by ab®@%c. Similarly, 10 nM
CLA also had a massive inhibitory effect on cellgration decreasing the

normalized cell migration by 90%.
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Discussion

In our experiments, we examined how keratinocyespand to UV-B
irradiation in respect to their purinergic calciwignaling. In the events of
programmed cell death one of the first steps isirtbeease in the intracellular
calcium concentration of the cell. Several studiase linked the activation of
purinoreceptors especially that of the R2&ceptor o the initiation of apoptotic
cell deathIn vivo these purinoreceptors may be activated by ATP icgrfrom
other dead cells, or physiologically released frorves, uroepithel and
endothel. In the human squamosus cell carcinoma W31 micromolar
concentrations of ATP were mitogenic and increasdcacellular calcium
levels. ATP has also been shown to activate celifpration in MCF-7 breast
cancer cells and in human ovarian tumor cells. mambly tough high
concentrations of ATP and BzATP (specific agonittlee P2X receptor)
caused a significant decrease in A431 cell numlmeour experiments, after
irradiation, the P2Xreceptors were diminished in the cells, and weatet less
P2X; receptor mRNA. This might indicate that cells whiwere damaged to
some extent but survived the irradiation were nstcapable of initiating
apoptotic cell death. This in turn could give risea population of cells with
damaged DNA but low apoptotic capabilities thus béing malignantly
transformed cells to persist. It should be noteolwdver, that while DNA
damage in the skin is commonly described in asgsoniavith UV-B irradiation
the direct degradation of proteins following expasto UV-B light is far less
frequently observed.

Other P2X and P2Y receptors also have importanttioms in regulating
the proliferation and differentiation of cells. Theetabotropic P2Yand P2¥
receptors were shown to control the proliferatibrkeratinocytes. When a skin
cancer evolves from healthy keratinocytes, theepatof these purinoreceptors

may change. We found that UV-B irradiation decrdadee amount of both
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P2X; and P2¥ receptors, while essentially destroyed the PBCeptors. In
particular, P2¥ receptors have been associated with promotingfenration in
both normal human keratinocytes and in HaCaT cellour experiments, we
demonstrated that the viable cell number was dseteafter UV-B irradiation,
in which the decreased amount of B2¥ceptors might also have played a role.
Indeed, the experiments revealed that the mRNA®fR2Y; receptor was less
in the UV-B treated than in control cells, and 3futs after the irradiation the
MRNA of this receptor disappeared from the irrastiatells. Although 8 hours
after the irradiation the protein level of the B2¥ceptor was higher in the UV-
B treated than in the control cells, the amounihaf receptor was decreased in
the UV-B treated cells at every other point in tirBy loosing much of these
receptors, cells could lose the control over thdiferation, differentiation or
both, and thus be shifted towards a malignant toamstion.

In line with the altered expression of purinoreocept differences in the
calcium transients obtained in response to chadlengith ATP were also
observed. The amplitude and the rate of rise adehmalcium transients were
lower in the irradiated cells, which may reflece ttower amount of purinergic
receptors on these cells. The latter might alsoaused by the shift from mostly
ionotropic (P2X) to partly metabotropic (P2Y) respe in the irradiated cells.
For [C&"]; to return to its resting level took longer timesthie irradiated cells.
This could indicate that other proteins, for exaenjble calcium pump was also
damaged by UV-B irradiation. This notion shouldwewer, be taken with
caution since resting [€3; was lower in irradiated than in control cells.

Scratching a confluent layer of keratinocytes aunasequent filling of the
wound bed with new cells represent a wound heainoglel often applied to
study the mechanism of wound closure and restoratidarrier function of this
cell type. Protein kinase and phosphatase enzyogesher with the changes in
[Ca®]; have been shown to possess a significant rolédnregulation of cell

migration and wound healing. The latter is espgciahportant in case of the
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skin which is the first defense line of the bodyespite of the numerous studies
there still is no clear consensus whether changg€#’]; and phosphatase
activities have parallel or antagonistic roles.

Our present results show that in cells from scedchiegions the
frequency of C&-oscillations are significantly decreased compdcethe cells
from the untouched areas and the ratio of osciljatells is also reduced. The
characteristic parameters of these oscillationspl#éume, FTHM), however,
were significantly higher in the scratched areaeskEhobservations suggest that
the C&" release processes in cells next to the scratclessefrequent but last
longer and result in a greater change in“{lzas compared with untouched
cells. Other cell types like Cajal and extraocuhauscle cells also show
spontaneous calcium elevations, which are simbathbse observed here on
HaCaT cells considering both their amplitude ararttime course.

On the other hand, enhancing the phosphorylatigal lef proteins by
inhibition of Ser/Thr specific protein phosphatase@th cell-permeable CLA
and OA increased resting [€R and the frequency of €aoscillations in cells
of both unscratched and scratched areas, howeslés ctose to the scratch still
exhibited fewer number of oscillations than theanaghed ones. This [E&
increasing effect of phosphatase inhibitors isaooadance with previous results
suggesting that phosphatase inhibition may rais& J[Cand C&" entry via
enhancing the phosphorylation level of proteinoiwed in C&*-transport such
as phospholamban, ryanodine receptor and plasmabraee C& channel. In
non-scratched cultures the characteristic parasietér the C&-transients
(amplitude, FTHM) were calculated to be higherraite treatment by CLA and
OA (except for FTHM in case of CLA treatment). Tegsarameters showed
remarkable alteration after scratching on phospieatahibitors treated cell
cultures. Comparing the values measured on nonebe@ cultures to the
parameters obtained in cells next to the scratclsyreergistic relationship

between phosphatases and the scratch-induced shamd€&']; could be
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excluded. The magnitude of the scratch-induced®JCalevation was not
significantly potentiated either by CLA or by OAeatment. The changes in the
examined parameters observed in control culturésr &cratching were not
amplified by the application of phosphatase inbifsit rather they were
diminished or vanished, however the applicatiorplebsphatase inhibitors on
non-scratched cells had similar effect on the messparameters as the scratch
did.

Still standing key question is how changes in ’Gaand the
phosphorylation state of certain proteins may dbute to the proliferation and
migration of the cells during the wound healing qgass. According to the
current literature this issue is controversial. tBa one hand a burst increase in
[Ca"]; was reported to stop directional movement of keoaytes and an
increased phosphorylation level of myosin Il togetvith an increased stress
fiber formation resulted in a decreased hepaticnsigjration. On the other hand,
protein-serine/threonine kinase inhibitors enhattheeformation and extension
of lamellipodia, a process believed to mark thet sthevents that lead to the
migration of keratinocytes and wound healing. Inliadn, inhibition of PP2A
by 10 nM okadaic acid resulted in an increasedngxiemigration.

Movement of cells requires remodeling of the actiteskeleton that
includes formation of actin-myosin stress fibersa vihe C&-dependent
phosphorylation of the 20 kDa light chain of myosih (MLC20) and
RhoA/Rho-kinase induced phosphorylation and inatim of myosin
phosphatase. It was shown that following wounding@d phosphorylation of
MLC20 occurred as a prelude of cell polarizatiod amgration which required
a cytosolic C& flux and upstream activation of the p38/MAPK. Tharly and
rapid phosphorylation of MLC20 resulted in trangitian of myosin IIA to the
cell cortex primarily and this actin-myosin intetiaa was implicated in the
membrane repair of wounded cells. In addition, RiRi#-kinase was found to

be essential for contraction and directed migratioh keratinocytes.
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Accordingly, inhibition of the protein phosphatad®s CLA or OA would be
expected to favor cell migration via increasing {G;aas well as promoting the
phosphorylation of both MLC20 and the inhibitory gsphorylation of the
myosin phosphatase regulatory subunit as showreedlevertheless, CLA and
OA were shown here to apparently halt migratiorkefatinocytes in both the
wound healing assay and in the transwell migratiagsay. Myosin
phosphorylation plays important roles in the céhehment-detachment process
especially during retraction of the tail which regs the force exerted by the
actin-myosin stress fibers. As cell migration inxed repeated attachment-
detachment processes it should be coupled withiccyghosphorylation-
dephosphorylation of MLC20. Our findings suppore tldea that phosphatase
inhibitors cause a maintained phosphorylation of @20 with long-lasting
stress fibers which eventually suppresses migration

With respect to these findings the decrease &f-Gsillations in cells
close to the scratch may help keratinocytes to motethe gap between the
cells caused by scratching. On the other hand logdC&*]; may also be
advantageous for the proliferation of keratinocydaee this process could be

inhibited by increasing influx of Ginto the cells.
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Summary

In this thesis the effect of UV-B radiation on maigic receptor
expression of HaCaT keratinocites was examined. révealed that HaCaT
keratinocites show spontaneous repetitive calcnamsients. The effects of two
phosphatase inhibitors (CLA and OA) on these spwmuas calcium
oscillations, and the keratinocite migration welsoaxamined.

UV-B irradiation decreased the number of viabldscahd changed the
morphology of the cells. UV-B irradiation decreaghd amount of both P2X
and P2Y receptors and essentially destroyed the /P@xeptors in surviving
cells. Morphology of ATP-induced €atransients were altered in irradiated
cells compared to control. The amplitude and the cd rise of the transients
were decreased and the return to restingJCprolonged. This observation is
consistent with the finding that in control cellsostly ionotropic, while in
irradiated cells mostly metabotropic receptors wanderlying the response to
ATP. These alterations in the expression pattefpuoherg receptors and in the
Cd" transients could explain the observed decreasetbtey for ATP-induced
apoptosis and thus enable the malignant transfavmat keratinocytes.

Scratching confluent HaCaT monolayers decreasedtingber of cells
displaying repetitive Ca oscillations as well as the frequency of theif'Ca
transients in cells close to the wounded area aitidted migration of the cells
into the wound bed. In contrast, calyculin-A (CLAhd okadaic acid (OA),
known cell permeable inhibitors of protein phosplsatl and 2A, increased the
level of resting [C&]; and suppressed cell migration and wound healing of
HaCaT cells. Furthermore, neither CLA nor OA infleed how scratching
affected C& oscillations. It is assumed that changes in atetalons of the
phosphorylation level of Chtransport and contractile proteins upon

phosphatase inhibition mediates cell migrationwondnd healing.
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