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ABSTRACT

Human autologous epithelia cultivated in vitro, @deen used successfully in treating damage toistagrity.
The methodology allowed the cultivation of theséregtia was described by Rheinwald and Green irb1€7s
methodology consisted in seeding keratinocytes arfeeder layer composed of lineage 3T3 murinefilasts,
the proliferation rate is controlled through théi@t of ionizing radiation. However, currently tleds a growing
concern about the possibility of transmitting psoand murine viruses to transplanted patients. ngakito
account this concern, in this present work, we aegpll the feeder layer originally composed of murine
fibroblasts by human fibroblasts. To obtain thisvnfeeder layer was necessary to standardize thagbno
irradiation dose to inhibit the replication of humébroblasts and the verification of effectivenessthe
development of keratinocytes culture on a feedgrighus obtained. According to the obtained resuk can
verify that the human fibroblasts irradiated atiemas tested doses (60, 70, 100, 200, 250 and 3QMh&d,/their
mitotic activity inactivated by irradiation, allong the use of any of these doses to confectiomefféeder
layer, since these fibroblasts irradiated stillsbd viable until fourteen days of cultivation. trettest of colony
formation efficiency was observed that keratinosyseeded on irradiated human fibroblasts were #&ble
develop satisfactorily, preserving their clonoggmitential. Therefore it was possible the replacgro&murine
fibroblasts by human fibroblasts in confection bk tfeeder layer, in order to eliminate this xentbio
component of the keratinocytes culture.



1. INTRODUCTION

Skin is considered the largest human organ, reptiegel6% of body weight [1], being an
important barrieto the environment by hindering the penetratiormiéroorganisms into our
bodies, preventing several problems and disedsesides participating in homeostatic and
physiological regulation processes [1, 2]. For sughsons, whetthis protection is lost or
severely compromised ihay have an impact in the patient's survival rae,the case of
people that suffered serious burns or extensivep afe susceptible to infections and
septicemia due to depression of the immune respg@hs&herefore, the challenge of finding
the means to substitute skin has been translate@mimportant field of research. Being the skin
mainly constituted by confluent keratinocytes [24B one of the possibilities to be explored was
the feasibility to establish keratinocyte cell auds in vitro[2, 4].

In 1975, Rheinwald and Green published a methogdlogcultivating human keratinocytes,
where they used irradiated fibroblasts to form stexutation layer called feeder layer, making
possible the lifespan extension of keratinocytesuiture [4, 5, 6]. For the use of these cells as
sustentation layer, they modified murine fibrobdastll line (NIH-3T3), arriving at called
3T3-J2 line cell [5, 6, 7], later deposited in MECC under acronym CCL-92.

The importance of using irradiated fibroblasts eeder-layer is due to these cells’ capacity to
synthesize fibronectin, small amounts of Type IMagen, and laminin [8, 9]. These cells also
release growth factors [9, 10] and extracellulartrimagoroteins into the culture medium,
facilitating keratinocytes adhesion and growthdp,

Irradiation of murine fibroblasts is necessarydatcol their growth so that it is not opposed to
the growth of key cells to be cultivated. A dos&6fGrays (Gy) was set up by Rheinwald and
Green as enough to inhibit fibroblast duplicatibn].

With the formation of a feeder layers, formed bwdiiated murine fibroblasts, it was possible
to develop keratinocytes in colonies and propagiaecells in further cultures, allowing
confection of transplantable epithelium [3, 4, 7, 12].

For over 30 years, the use of murines fibroblasith the rate of proliferation controlled by
irradiation or per share anticarcinogenic drugss baen playing successfully its role in
assisting the development of keratinocytes in cejtuor clinical purposes. However,
currently there is a growing concern about the ipdigg of transmitting prions and animals
viruses to transplant patients [13].

Taking into account this concern, the present ward,replaced the feeder layer originally
composed of murine fibroblasts by human fibrobla$ts obtain this new feeder layer was
necessary to standardize the enough irradiatior dosinhibit the replication of human

fibroblasts and the verification of effectivenedsttte development of keratinocytes culture
on a feeder layer thus obtained
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2. MATERIAL AND METHODS

2.1. Medium Preparation

Culture medium D10: Dulbecco’s Modified Eagle’s Médium (DMEM), 10% bbvine calf
serum, penicilin (100 U/mL)/streptomicin (1Q@/mL), amphotericin B (2,;ng/mL) and L-
glutamin (4 mM)

Culture medium K-: Dulbecco’s Modified Eagle’s Medium (DMEM)/Ham’'s E1(2:1)
supplemented with 10% of fetal bovine serum, pénidil00 U/mL), streptomycin (100
ug/mL), amphotericin B (2.5ug/mL), glutamine (4 mM), adenin (0,18 mM), insul{b
ug/mL) , hydrocortisone (0ygy/mL), cholera toxin (0,1 nM), triiodothyironin(ZiM).

Culture medium K+: For make K+ it's add Epidermal Growth factor (ImL).

2.2. Murine Fibroblast Culture

Approximately 1x18 murine fibroblast{CCL-92, ATCC) were defrosted and plated in cell
culture flasks, at the density of 2.8%1€ells/cnf, in culture medium D10, at 37°C, in a
humidified atmosphere of 5% of GOWhen cells reached a 70% confluence rate, were
detached from the flask with trypsin (0,05%)/EDTA®%) and amplified to new cultures.

2.3Human Fibroblast Culture

Human fibroblasts were obtained from skin samplesated by the Tissue Bank of the
FMUSP Clinical Hospital’ Central Institute. The Iselvere isolatedn vitro according to the
explants technique proposed by Carrel & Burrowq,[hdmely, the tissue samples were cut
into fragments of 1 mm2 and placed in flasks oC&® containing culture medium D10. By
the time, the fibroblasts migrated from skin fragimneand reached around the same
subconfluent, they were removed from bottles witypgin (0.05%)/EDTA (0.02%) and
amplified in new cultures. Subsequent amplificagiavere carried out to achieve the required
number of cells for the experiments.

2.4Keratinocytes Culture

Human keratinocytes were obtained from skin samgtegated by the Tissue Bank of the
FMUSP Clinical Hospital Central Institute. The sdespwere submitted to a cellular
dissociation treatment with enzymatic action (Tinpsin periods of 30 minutes at 37 °C.
Obtained keratinocytes were seeded at 2x&lls/cnf density over a feeder layer formed by
previously irradiated murine fibroblasts (60 Gy)herl keratinocytes/feeder layer set was
nourished through a K+ medium, and kept in a humedibator adjusted to 37 °C, with 5%
CO, atmosphere. At the sub-confluence of the primafjuce, cells were trypsinized with
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tripsin  (0.05%)/EDTA (0.02%) and seeded in a newdér layer, which became the
secondary culture. At the sub-confluence of theoséary culture, cells were trypsinized,
counted, and employed for experiments.

2.5 Standardization of irradiation dose

The human fibroblasts were exposed to irradiatio®f@o source, type Gammacell-220, with
a dose rate of 567 Gylirradiation at doses of @0, 00, 200, 250 and 300 Gy. After
irradiation, cells were seeded in culture platethv@i4 wells at a concentration of 5 x*10
cells/well in specific medium to keratinocytes Ks a control we used two groups: one
composed of human fibroblasts non-irradiated ahdrabf murine fibroblasts irradiated at 60
Gy. The cells were incubated at 37 °C and 5%, ®@h change of medium every two days,
being that from the first medium change, was adel@dermal growth factor (EGF) at a
concentration of 10 ng/mL. The counting of numbiecalls per well was carried out on zero,
first, second, third, seventh, tenth and fourtesdlgs. The cell vitality test was performed
using the dye transmembrane non-vital trypan blue.

2.6 Colony Formation Efficiency Test

The colony formation efficiency test (CFE) was t@mleiate the growth of keratinocytes in
different feeder layers: murine fibroblasts (CCL-9%radiated at 60 Gy and human
fibroblasts were irradiated at doses of 70, 10@ abd 200 Gy. The lineage CCL-92 and
human fibroblasts were irradiated and seeded imehective densities of 0.26 and 0.2 X 10
cells/cnf. After adhesion of feeder layer, were added 10@tkecytes per well. The culture

keratinocyte/feeder layer was maintained in culmmeddium K+, the change of medium was
performed every 48 hours for fourteen days. Aftes period, the cultures were stained with
Rhodamine B and the keratinocytes colonies werephabogically analyzed and counted,
taking into account the number of colonies in depeient and formation of abortive

colonies.

2.7 Statistical Analysis

The results were obtained and expressed as meastaarthrd deviation of the averages. The
statistical significances of differences were deiaed by the analysis if variance ANOVA
(ONE WAY) post hoc Tukey. Values of p < 0.05 werensidered significant. All
calculations were performed using the statisticdtweare GraphPad Prism for Windows
version 5.0.
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3. RESULTS AND DISCUSSION

Seeking an inactivation of the proliferation and oell death, whereas these cells are used as
feeder layer and sustenance to keratinocytes grathéh fibroblasts were irradiated with
different doses (ranging from 60 to 300 Gy), inerdo determine the optimal dose to
inactivate their proliferation.

According to Figure 1, it was observed that untié tthird day, the non-irradiated and
irradiated cells showed the same number of liviefiscas the day of sowing (day zero).
Changes were only observed on the seventh dayewhercould see that human fibroblasts
non-irradiated continued to multiply, while the sanmradiated remained about the same
number of viable cells. The same behavior was hsexed for murine fibroblasts which

was observed a decrease in the number of viable ceér the the 14 days. These results
corroborate data reported by Almeida et al., 2007.

Although Szabowski-Maas et al. (1999) [16] claimttht dose of 70 Gy human fibroblasts
interrupt their duplication, this fact was not domfed in our conditions, where we observed a
slight increase between the third and seventh dagd, subsequent maintenance of the
number of viable cells. We obtained a count of alBox 1¢ + 0.2 x 10 cells at day zero to
70 Gy in the 7 day the number of cells was couritedd + 0.26 x 16, The same was
observed to the others doses. However, after thentie day, was not observed increase nor
decrease in the number of viable cells in cultwkfbroblasts irradiated at doses ranging
from 60 to 300 Gy, during the period in which tleettwas performed. Noting the possibility
of use any of these doses for inactivation of hufitaoblasts.

1000000

/ = CCL92 60 Gy

100000 =—TFH non-irradiated
/ - FHG60 Gy

- - — ‘—I ——TFH70 Gy

Log number of viable cells

£ ——= ~———FH 100 Gy
10000 FH200 Gy
FH250 Gy
FH 300 Gy
1000 .
0 1 2 3 7 10 14

Time (Days)
Figure 1. Graph of the survival curve of human fibioblasts irradiated with various

doses of radiation compared to control (CCL-92, 6@y). The control of the assay was
determinate by the non-irradiated human fibroblasts(HF, control non-irradiated)
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Despite the possibility of irradiating human fiblagts at different doses, we should verify if
this variation may affect the development of keratiytes. Therefore, was performed the
colony formation efficiency test of keratinocytadtared on feeder-layer obtained as shown
in the previous item. Using this test, it's possitd analyze the clonogenic potential of these
cells, by counting the different types of colonieamed, as the colonies in development and
abortive colonies, besides the macroscopic visaiiiz of these colonies.

In Figure 2, observes that the culture of keratytes over the feeder layers obtained with
doses of 100, 150 and 200 Gy, showed similarityhie percentage of colonies, both in
development and abortion, with the types corresimgndn control consisted of feeder layer
of murine origin irradiated to 60 Gy. However, whbe cultures observed at a dose of 70 Gy,
there is an increase in the percentage of coloniedevelopment, already about abortive
colonies the percentage remains similar to corinol other doses. The above results diverge
with those reported by Rheinwald and Green (19%%) Where these authors verified that
keratinocytes cultured with human fibroblasts grelawer than when culured with murine
fibroblastes, but the main difference between kagbhays is that in our case was used a
standard type of FBS, fetal clone Il serum, thusalding a better development of
keratinocytes cultured with irradiated human fibesibs.

B Developing Colonies
@l Abortive Colonies

Colony Forming Efficiency (%)

CFE1 CFE2 CFE3 CFE4 CFES CFE
60 70 100 150 200 Dose (Gy)

Figure 2. Percentage of colonies in development anabortives obtained in CFE of
keratinocytes, with human fibroblasts feeder layer,at different irradiation doses (70,
100, 150 and 200 Gy), respectively EFC2, EFC3, EF@hd EFC5. As a control, we used
CCL-92 irradiated at 60 Gy (EFC1).

Still talking about these cells cultures, we casualize in Figure 3, in the Colony Formation
Efficiency (CFE) with feeder layer in various dosespecially at doses from 150 to 200 Gy,
the emergence of larger colonies of keratinocyteselation to other doses including the
control CCL-92 irradiated at 60 Gy. In microscojmnecages, at doses of 150 and 200 Gy,
observes a decrease in the amount of human fitstsblehich allowed better development of
the keratinocytes, this is due to the influencedehsity on feeder layer. According to
Rheinwald and Green [5], this is a primordial fadim the development of keratinocytes in
colony.
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Figure 3: Photographs of optic microscopic observains (left) of the fibroblasts
irradiated at doses of 60, 70, 100, 150 and 200 G&nd macroscopic visualization (right)
of the respective CFE of the keratinocytes (CFE ICFE 2, CFE 3, CFE 4 and CFE 5)
stained with Rhodamine B.

4. CONCLUSIONS

According to the obtained results we can verifyt tttee human fibroblasts irradiated at
various tested doses (60, 70, 100, 200, 250 andsypMad their mitotic activity inactivated
by irradiation, allowing the use of any of thesese®to confection of the feeder layer, since
these fibroblasts irradiated still showed viabléldourteen days of cultivation. In the test of
colony formation efficiency was observed that keatytes seeded on irradiated human
fibroblasts were able to develop satisfactorilggarving their clonogenic potential. Then, we
recommend the doses of 70 and 100 Gy to confedtidhe human feeder layer, because at
these doses it's possible to obtain the same sesidtn the others using lower doses.
Therefore it was possible the replacement of mufibeblasts by human fibroblasts in
confection of the feeder layer, in order to eliméahis xenobiotic component of the
keratinocytes culture.
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