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Cryobanking skin samples permit preserving a maximum of genetic representation from the population
biodiversity. This is a relevant aspect for threatened species, potentially menaced by an epizooty and
from which it is difficult to obtain gametes. As a first step for properly cryobanking skin samples of a
given species, the optimal conditions of culture and freezing have to be studied by covering a broad range
of possibilities. This paper presents, for the first time, a systematic study of such conditions for the Iberian
lynx (Lynx pardinus). To that end, we have analyzed twenty different culture conditions and fifteen dif-
ferent freezing solutions for skin explants, as well as three freezing solutions for isolated cells derived
from them. The culture conditions included both two different culture strategies and several combina-
tions of nutritional supplements and mitotic agents. For the freezing solutions, we have considered dif-
ferent concentrations of the permeating cryoprotectant dimethyl sulfoxide (Me2SO) either alone (5%,
7.5%, 10%, 12.5% and 15% v/v for explants, 10% for isolated cells) or along with the non-permeating cryo-
protectant sucrose (0.1 or 0.2 M). Our results have been analyzed through several quantitative parame-
ters and show that only thawed explants cryopreserved in Me2SO (10%) either alone or with sucrose
(0.2 M) presented similar properties to those in optimal fresh cultures. In addition, for these freezing con-
ditions, isolated thawed cells also presented high survival rates (90%) and percentages of cellular func-
tionality (85%). These results, focussed on the most endangered felid in the world, could be also useful
for other threatened/endangered species.

� 2011 Published by Elsevier Inc.
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Introduction

The Iberian lynx (Lynx pardinus) is the most endangered felid in
the world [21] with about 200 individuals located in only three
metapopulations, each isolated from each other. Since critically
endangered species are vulnerable to catastrophic events such as
epizooties [30], it is essential to preserve the current genetic diver-
sity of the population. However, the banking of a genetic pool rep-
resentative of the population biodiversity is very difficult in
endangered species when only gametes are considered [25].
Through collection and processing of somatic tissues, we can in-
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stead preserve the largest genetic biodiversity possible for both
the male and female populations, as well as to avoid the irreversible
biodiversity loss from individuals that die before reproducing.
Cryobanking somatic tissues and cells could be therefore consid-
ered in threatened species as a preventive conservation strategy,
based on the possible use of somatic cell nuclear transfer (SCNT)
in case of a dramatic epizooty, as well as a supporting tool to
develop studies addressed to favor the animal conservation
[25,35,17,32,31,24]. Even if fundamental research in the field of
SCNT is still needed [4,6] since the efficiency rate is presently very
low, the previous step of processing and cryopreservation of so-
matic cells should be strongly taken into account in threatened spe-
cies [24,25]. In this sense, skin fibroblasts are considered one of the
most suitable cell types as nuclear donors [5]. In such a context of
conservation biology, somatic tissues from endangered species
are being preserved for Spain’s endangered wildlife [24], Southern
Africa’s wildlife [1], the Frozen Zoo of San Diego [31,32] or the
Frozen Ark Consortium (http://www.frozenark.org), among others.
diversity in the critically endangered Iberian lynx (Lynx pardinus) from skin
hly valuable explants and cells, Cryobiology (2011), doi:10.1016/
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Skin biopsies can be harmlessly collected as a source of somatic
tissues and cells but they have to be as small as possible in endan-
gered species, in order to avoid any disturbance of the animals.
Cryobanking and culture of highly valuable, scarce and small skin
biopsies become therefore an important issue in order to recover
them after thawing to be used when necessary.

In skin banking, one of the most widely used cryoprotectants
either for tissues or cells is dimethyl sulfoxide (Me2SO)
[9,27,33,34,28], usually utilized alone or along with a non-perme-
ating cryoprotectant. Me2SO has been extensively used as a cryo-
protectant because of its high membrane permeability, being
even used as a control cryoprotectant when investigating new ones
[33]. However, despite the protection that the cryoprotectant of-
fers to the cells during freezing and thawing, a risk of cell damage
exists, especially when it is used in high concentrations [10]. Pre-
vious studies [33] in different cell types and tissues have demon-
strated beneficial cryoprotective effects of sugars as trehalose,
sucrose or D-allose. In cryopreservation protocols, these sugars
have been used as non-permeating cryoprotectants because of
the negligible permeability of plasma membranes to their mole-
cules, thus stabilizing cellular membranes during freezing, and
possibly dehydrating cells so that excessive swelling and osmotic
shock are avoided [7]. Me2SO and sucrose have been used in sev-
eral species, like Goldfish [27,7] for cells and tissues, human der-
mal fibroblasts and human engineered-dermal tissues [8,34],
human skin allografts [3] or lamb cartilage [29], among others.
However, the results obtained are different depending on the spe-
cies, experimental design and culture protocol.

Cryobanking tissues and cells are closely linked to cellular cul-
ture conditions. Nevertheless, little attention has been paid upon
the ability of few and small explants from a given precious species
to try to unfailingly outgrow cells. Two of the major factors influ-
encing the success in cellular culture, as the culture strategy and
composition of the medium, are usually studied separately. Ex-
plants were thus seeded either directly [14,15] or after a gentle col-
lagenase pre-treatment [27,28]. Concerning the culture medium, it
has been verified that the serum concentration has a significant
influence on the cell growth [18,16,13], as well as mitotic agents
like epidermal growth factor or fibroblast growth factor
[2,12,20,26] which have been successfully used, especially in hu-
man skin explants.

At the present, neither the specific effect of any cryoprotectant
on the viability of thawed Iberian lynx somatic tissues and cells nor
the optimal specific cell culture protocol has ever been evaluated.
In order to preserve a maximum of a population’s genetic biodiver-
sity and to dispose of somatic cells for developing any study ad-
dressed to favor the animal conservation, our global goal was to
establish optimal culture and freezing procedures related to skin
explants and cells from the Iberian lynx. For that, we firstly deter-
mined the optimal cellular culture conditions by considering
simultaneously two culture strategies (non-treated and gentle col-
lagenase pre-treated explants) and different concentrations of
nutritional supplements as fibroblast growth factor, epidermal
growth factor, glucose and foetal bovine serum, testing twelve cul-
ture conditions. Next, we assessed the ability of Iberian lynx skin
explants and cells to be cryopreserved in different freezing solu-
tions, by analyzing the effect of several concentrations of the per-
meating cryoprotectant Me2SO used either alone or in combination
with the non-permeating sucrose, studying fifteen freezing solu-
tions for explants and three for isolated cells derived from them.

To our knowledge, no similar studies have been carried out nei-
ther in the Iberian lynx nor in any other felid. This work could
therefore be useful for the rest of felids as well, at least as a starting
point to initiate the implementation of Genetic Resource Banks, as
the majority of the species of this family are threatened.
Please cite this article in press as: T. León-Quinto et al., Cryobanking the genetic
biopsies. Investigating the cryopreservation and culture ability of hig
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Materials and methods

Reagents

Culture media and supplements were purchased from Gibco/
BRL (Grand Island, NY, USA), with the exception of collagenase, ba-
sic fibroblast growth factor (bFGF), epidermal growth factor (EGF)
and MTT assay which were from Sigma Chemical Co. (Madrid,
Spain) and foetal bovine serum (FBS) from Biochrom (AG).

Skin sampling and preliminary treatment

The collection of skin biopsies was performed under agreement
with the Environmental Council of the Regional Government of
Andalusia. We implemented protocols to collect and send samples
from living animals and provided sampling kits with the appropri-
ate media [25]. The samples were either personally transported or
sent by urgent courier in refrigerated Styrofoam containers. The
time elapsed from the moment the samples were taken to its pro-
cessing in the laboratory was under 24 h. The samples consisted of
millimetre-sized skin biopsies, which were isolated always profit-
ing from animal manipulation for other reasons (radio tracking,
sanitary check-ups, etc.).

Once in the laboratory the skin biopsies were washed several
times in a washing medium, which consisted of D-MEM (Dulbecco’s
Modified Eagle’s medium) supplemented with 25 mM Hepes,
100 U/mL penicillin, 0.1 mg/mL streptomycin and 1% fungizone.

All the biopsies used for the present work were obtained from
adult animals and taken outside the reproductive season.

Freezing and thawing procedures

In order to assess the cryopreservation ability of the Iberian
lynx skin explants, we investigated the effect of several Me2SO
concentrations used either alone or in combination with sucrose.
Based on the results obtained by Wang et al. [34], we selected five
different Me2SO concentrations (5%, 7.5%, 10%, 12.5% and 15 % v/v).
Each Me2SO concentration was investigated alone and along with
sucrose at 0.1 or 0.2 M, testing thus fifteen different freezing solu-
tions for skin explants.

The cryoprotectant solutions were composed of D-MEM supple-
mented with 25 mM Hepes, 1% non-essential amino acids, 0.1 mM
2-mercaptoethanol, FBS at 35% (v/v) and the different cryoprotec-
tant agents commented. According also to the results obtained by
Wang et al. [34], the cryoprotectant solutions were added at 4 �C,
at a cooling rate of 1 �C min�1 until the cryovials reached �70 �C
and subsequently plunged into liquid nitrogen. Based on the re-
sults obtained in this work for explants, cells derived from them
were cryopreserved in freezing solutions containing as cryoprotec-
tant agents Me2SO at 10% v/v alone and together with sucrose at
either 0.1 or 0.2 M, checking three different freezing solutions for
isolated cells.

After at least two weeks of cryopreservation, tissues and cells
were removed from liquid nitrogen. Briefly, cryovials were quickly
thawed, maintained at room temperature in air for 0.5–1 min in or-
der to avoid fracture in tissues, before plunging in a water bath at
37 �C. Thawed explants and cells were plated into appropriate
media after washing of the cryoprotectant solution, which was
diluted 10 times in basal culture medium (see the composition
below).

Culture conditions

The basal culture medium was composed of D-MEM supple-
mented with 25 mM Hepes, 1% non-essential amino acids,
diversity in the critically endangered Iberian lynx (Lynx pardinus) from skin
hly valuable explants and cells, Cryobiology (2011), doi:10.1016/
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0.1 mM 2-mercaptoethanol, 1 mM sodium pyruvate, 100 U/mL
penicillin and 0.1 mg/mL streptomycin. In order to determine the
optimal culture conditions we tested in fresh explants different
nutritional supplements and culture strategies: (1) Nutritional
supplements. As basic supplements, we analyzed the effects on
the cellular culture of two glucose concentrations, both a low
1 g/L and a high 4.5 g/L value, each one used together with one
of the three studied percentages of FBS (10%, 15% or 20%). Such
supplements were added to the basal medium in all possible com-
binations. For the combination giving the best results, we also ana-
lyzed the possibility of obtaining a further amelioration by adding
the mitotic agents fibroblast growth factor (FGF) or EGF, at 5 and
10 ng/ml each one; (2) Culture strategies. After proper washing,
each fresh biopsy was cut into two pieces of similar size by using
a scalpel. The two resulting parts were then submitted to one of
the two following culture strategies: (a) Non-treated explants: half
of each biopsy was directly seeded without suffering any treat-
ment; (b) Gentle collagenase pre-treated explants: the other half
from the same biopsy underwent a gentle collagenase treatment,
which was focused on studying a possible amelioration on explants
culture, as previously observed in other animal species [27,28]. Ex-
plants were thus incubated at 37 �C for 30 min in 0.2 mg/mL of col-
lagenase diluted in the washing medium, rinsed several times
afterwards and immediately plated.

In all cases, the explants were transferred onto gelatine-coated
35 mm Petri dishes (Corning, NY) in basal culture medium supple-
mented with the mentioned nutritional supplements and incu-
bated in 5% CO2 in air and 95% relative humidity. Searching for a
maximum of adhesion, explants were cultured for 2 h at 37 �C in
5% CO2 in air before adding the culture medium [25,24,23], which
was changed every 2–3 days.

Assessment of explants culture quality

Culture quality was assessed and quantified in fresh and thawed
explants according to different parameters: (1) plating efficiency
(PE), measured as the percentage of cultures with tissue attached
at day 1 after seeding; (2) cell-donor (CD) explants, calculated as
the percentage of the cultures with outgrowing cells around ex-
plants at day 3 after seeding; (3) population doubling (PD) rate,
by the population doubling assay, which was calculated as follows:
skin cells around explants were allowed to proliferate for 7 days,
trypsinized at such a day, counted and seeded on new gelatine-
coated dishes (day 0) until seven days later (day 7), when the cells
were tripsinized again and recounted. The PD rate was calculated
by using the following equation [18,22]: PD = log 2 (Cell number
at Day 7)/(Cell number at Day 0). Viable cells were counted on a
hemocytometer using the trypan blue exclusion assay.

In thawed tissues we introduced an additional parameter, the
cellular rate (CR) around explants, calculated as the percentage of
cells outgrowing around them at day 7 after thawing with respect
to the cells obtained in the same fresh ones at the same time lapse
(day 7 after plating).

Cell viability assessment

Cells obtained from fresh explants were trypsinized at day 7
after plating. Once isolated, living cells were counted, pooled and
subdivided into four groups: one group was used as the fresh con-
trol and the other three were frozen in the three freezing media
commented above.

The viability of thawed cells was analyzed by determining their
membrane integrity and functionality, using the trypan blue stain-
ing and the MTT methods, respectively: (a) the survival rate (SR)
was calculated by means of the trypan blue staining, as the ratio
of the number of cells presenting intact membranes after thawing
Please cite this article in press as: T. León-Quinto et al., Cryobanking the genetic
biopsies. Investigating the cryopreservation and culture ability of hig
j.cryobiol.2011.02.001
to those cryopreserved x 100; (b) the cellular functionality (CF) of
viable cells was measured via mitochondrial dehydrogenases, by
means of the colorimetric 3-(4,5-dimethylthiazolyl-2)-2,5-diphe-
nyltetrazolium bromide (MTT) assay. Mitochondrial dehydrogen-
ases of metabolically active cells cleave the tetrazolium ring,
yielding purple formazan crystals, which are insoluble in aqueous
solutions. The crystals formed were dissolved in acidified isopropa-
nol and the resulting purple solution was spectrophotometrically
determined from the absorbance values. Briefly, isolated fresh
and thawed living cells were seeded and cultured in a humidified
atmosphere of 5% CO2 at 37 �C. After 6 h, 20 lL MTT solution
(5 mg/mL in PBS) were added and the plates were incubated for
an additional 4 h at 37 �C. To achieve solubilization of formazan
crystals formed in viable cells, MTT solubilization solution
(200 lL) was added and the absorbance was then measured at a
wavelength of 570 nm. For comparison, the fresh-control group
was assayed for cell functionality and the mean value obtained
was normalized to 100%, which was used as the reference for the
cryopreserved cells.
Statistical analysis

To assess the cellular culture quality we analyzed the possible
effect on three target variables (plating efficiency, cell-donor ex-
plants and population doubling rate) of three factors: culture strat-
egy (two levels, non-treated and gentle collagenase pre-treated
explants), glucose concentration (two levels, 1 and 4.5 g/L), and
FBS percentage (three levels, 10%, 15% and 20%). A multi-factor
ANOVA was applied with two factors: FBS (three levels) and glu-
cose (two levels) and the corresponding interaction between them.
An additional study of the influence of the FBS factor on the target
variable PE was carried out with a single-factor ANOVA. The anal-
ysis of the mean behavior of the variable PE between the levels of
glucose was made with a Student t-test. In the case of comparison
between the two levels of glucose, tests for the equality of two pro-
portions were applied. The cell-donor explants (CD) variable was
studied by using contingency tables and chi-Square tests. The pop-
ulation doubling (PD) variables were analyzed by means of multi-
factor ANOVA, with second-order interactions included, and
single-factor ANOVA tests. Student’s t-tests, Bonferroni and HSD
Tukey tests were applied for multiple comparisons when conve-
nient. In order to detect statistical differences, a P < 0.05 level of
significance was applied in all the considered analyses. Each exper-
iment was repeated at least four times.
Results

Establishment of optimal culture conditions

Optimal cellular culture conditions were developed in fresh tis-
sues by analyzing the effect of the previously mentioned two cul-
ture strategies and the addition of several concentrations of
Epidermal Growth Factor, Fibroblast Growth Factor, glucose and
foetal bovine serum, testing twelve different treatments.

Table 1 summarizes the results obtained for the PE, CD and PD
parameters in all the combinations of basic supplements, foetal bo-
vine serum and glucose, analyzed in both culture strategies. This
Table shows that the PE parameter was 100% in all the cases. Such
a complete success in PE was likely due to the culture of explants
for 2 h at 37 �C in 5% CO2 in air before adding the culture medium, a
pre-treatment applied in all cellular cultures.

Concerning the CD parameter, at day 3 after seeding we found
that outgrowing cells around explants had an overall trend of
appearing before in collagenase pre-treated explants than in non-
treated ones (see Table 1). In this way, a percentage of 100% was
diversity in the critically endangered Iberian lynx (Lynx pardinus) from skin
hly valuable explants and cells, Cryobiology (2011), doi:10.1016/
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Table 1
Assessment of the effect of basic supplements (glucose and foetal bovine serum) on
fresh explants culture.

Culture strategy FBS
(%)

Glucose
(g/L)

PE
(%)

CD
(%)

PD

(a) Non-treated explants 10 1 100 25a 1.28 ± 0.12a

4.5 100 50b 2.39 ± 0.48b

15 1 100 75c 3.11 ± 0.62b
4.5 100 100d 4.47 ± 0.25c

20 1 100 50b 3.69 ± 0.27b

4.5 100 100d 4.26 ± 0.31c

(b) Gentle collagenase
pre-treated explants

10 1 100 75c 1.34 ± 0.17a

4.5 100 100d 2.57 ± 0.47b

15 1 100 100d 3.13 ± 0.36b

4.5 100 100d 4.74 ± 0.55c

20 1 100 75c 3.38 ± 0.71b

4.5 100 100d 4.82 ± 0.48c

The culture quality assessment was analyzed by the parameters: plating efficiency
(PE), calculated as the percentage of the cultures with tissue attached at day 1 after
seeding; cell-donor (CD) explants, calculated as the percentage of the explants with
outgrowing cells around them at day 3; and population doubling (PD) rate, calcu-
lated by the population doubling assay in a time lapse of 7 days starting at day 7
after plating. Data are percentage or mean ± S.E.M. Each treatment was repeated
four times. Within columns values with different superscripts (a,b,c) are signifi-
cantly (P < 0.05) different.

Table 2
Assessment of the effect of the mitotic agents fibroblast growth factor (FGF) and
epidermal growth factor (EGF) on fresh explants culture.

Culture strategy Growth
factor

Concentration
(ng/mL)

PD

(a) Non-treated explants GF(control) – 4.47 ± 0.25a

FGF 5 4.40 ± 0.31a

10 4.61 ± 0.35a

EGF 5 4.54 ± 0.31a

10 5.21 ± 0.28b

(b) Gentle collagenase
pre-treated explants

GF(control) – 4.74 ± 0.55a

FGF 5 4.72 ± 0.64a

10 4.95 ± 0.46a

EGF 5 4.63 ± 0.51a

10 5.12 ± 0.77a

FGF and EGF were added to the basal medium supplemented with FBS 15% and
glucose 4.5 g/L. Since the plating efficiency (PE) and the cell-donor (CD) explants
were 100% in all cases, the only parameter shown in the table is the population
doubling (PD) rate. Data are percentage or mean ± S.E.M. Each treatment was
repeated four times. Within column and considering separately each culture
strategy, values with different superscripts (a,b) were considered significantly dif-
ferent (P < 0.05) when compared to its respective control value.

Table 3
Assessment of Iberian lynx skin explants’ ability to be cryopreserved.

Me2SO (%) Sucrose (M) PE (%) CD (%) CR (%) PD

5 0 100 25a 58 ± 11a 2.11 ± 0.37b

0.1 100 25a 59 ± 19a 2.21 ± 0.42b

0.2 100 50b 63 ± 21a 2.96 ± 0.31b

7.5 0 100 75c 64 ± 14a 2.76 ± 0.41b

0.1 100 50b 65 ± 16a 2.81 ± 0.34b

0.2 100 75c 65 ± 15a 3.74 ± 0.36b

10 0 100 75c 76 ± 13a 5.01 ± 0.39a

0.1 100 75c 75 ± 19a 4.49 ± 0.26b

0.2 100 75c 79 ± 16a 5.08 ± 0.32a

12.5 0 100 75c 71 ± 9a 3.54 ± 0.56b

0.1 100 75c 75 ± 15a 3.41 ± 0.48b

0.2 100 75c 77 ± 12a 4.23 ± 0.37b

15 0 100 75c 73 ± 16a 3.62 ± 0.41b

0.1 100 50b 69 ± 11a 3.54 ± 0.38b

0.2 100 50b 68 ± 14a 3.91 ± 0.52b

Fresh control Fresh control 100 100 100 5.21 ± 0.28a

The culture success was analyzed in thawed explants by: plating efficiency (PE),
cell-donor (CD) explants, cellular rate (CR) around explants, and population dou-
bling (PD) rate. Data are percentage or mean ± S.E.M. Each treatment was repeated
four times. The control values refer to those obtained in fresh non-treated explants
cultured in FBS at 15%, glucose at 4.5 g/L and EGF at 10 ng/mL. Within columns
values with different superscripts (a,b) are considered significantly (P < 0.05)
different.
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observed in 4 out of the 6 combinations in collagenase pre-treated
explants, while only in 2 out of 6 was this observed for non-treated
explants. However, after 7 days all the explants presented cells
around them in whichever strategy employed.

The most discriminating parameter was found to be the PD rate,
computed as described in Materials and methods. We found a sig-
nificant dependence of the PD rate on the glucose concentration at
any fixed FBS concentration and in any culture strategy (see Table
1). Indeed, the use of a higher glucose concentration always re-
sulted in a significant increase in the PD rate. The FBS percentage
had also some significant effects on the PD rate. For both culture
strategies, the minimum PD value was obtained for FBS at 10%
along with a low glucose concentration. In the opposite side, the
maximum PD rate was obtained with FBS at either 15% or 20% in
combination with a high glucose concentration, without significant
differences between both percentages of FBS (15% or 20%) in either
culture strategies. However, the culture strategy had a non-signif-
icant impact on the PD rate for any combination of FBS and glucose.

Since FBS at 20% in the culture medium did not induce any sig-
nificant increase as compared to FBS at 15%, we choose as the best
result a culture medium supplemented with FBS at 15% and a high
(4.5 g/L) glucose concentration as basic complements. Using such
culture conditions, we then studied a possible potentiating effect
from the use of the mitogenic agents FGF and EGF. When FGF
and EGF were individually added to the culture media the percent-
ages of PE and CD were maintained as in the control, being thus
100% for both parameters in all the combinations studied. Once
again, the PD rate resulted in being the most discriminating
parameter; although significant differences were found solely for
non-treated explants (see Table 2). Indeed, the averaged PD value
obtained for non-treated explants with EGF at 10 ng/mL was signif-
icantly higher (5.21 ± 0.28) than those obtained in all other cases
including the control culture (4.47 ± 0.25, P = 0.035), FGF at either
10 ng/mL (4.61 ± 0.35, P = 0.046) or 5 ng/mL (4.40 ± 0.31, P =
0.049) and EGF at 5 ng/mL (4.54 ± 0.31, P = 0.048). Instead, no sig-
nificant differences were observed in pre-treated explants at any
concentration of added FGF or EGF with respect to its specific con-
trol value without growth factor.

Summarizing, our results favor the culture of tissues without any
collagenase pre-treatment, and using a culture medium composed
by the basal medium supplemented along with FBS at 15%, glucose
at 4.5 g/L and EGF at 10 ng/mL. The fact of using non-treated
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explants has the additional advantage of avoiding unnecessary
enzymatic damage upon the tissues and, therefore, they could be
available for additional freezing and thawing processes.

Ability of Iberian lynx skin explants to be cryopreserved: culture
quality in thawed explants

We evaluated the ability of thawed explants to be cultured after
cryopreservation in fifteen different freezing solutions, by compar-
ing the values obtained in the parameters quantifying the culture
quality with those obtained in fresh ones. In order to avoid an
excessive number of variables, the culture conditions were always
those favored as the optimal ones in the previous subsection: non-
treated explants cultured in a basal medium supplemented along
with FBS at 15%, glucose at 4.5 g/L and EGF at 10 ng/mL. In this
way, our analysis will be now focused on the possible effects of
the different freezing solutions.

When considering the PE parameter, the complete attachment
observed in fresh controls was observed in frozen-thawed explants
as well (see Table 3). The parameter CD, indicating the percentage
diversity in the critically endangered Iberian lynx (Lynx pardinus) from skin
hly valuable explants and cells, Cryobiology (2011), doi:10.1016/
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of explants presenting outgrowing cells at day 3, was lower in fro-
zen-thawed explants than in fresh ones, not reaching 100% at any
case. However, in thawed explants the values of such a parameter
still achieved a high percentage of 75% in 9 out of the 15 freezing
media (Table 3), particularly in all the explants cryopreserved in
Me2SO at 10% and 12.5% v/v, either with or without added sucrose.
After 7 days, all the explants presented cells around them, how-
ever. By means of the CR parameter, we calculated the percentage
of cells outgrowing around thawed explants at day 7 respect to
those obtained in the same fresh ones at the same time lapse. Such
a CR parameter was clearly decreased in all thawed explants from
whatever the freezing solution used (Table 3), with no statistically
significant differences among them. Noteworthy however, as ob-
served for the CD parameter, that all the explants cryopreserved
in Me2SO at 10% and 12.5% v/v, either with or without added su-
crose, achieved in absolute values the highest cellular percentage,
being around 65–75% respect to the fresh controls. The prolifera-
tion ability of cells outgrowing around the thawed tissues was esti-
mated by the PD rate once isolated. As Table 3 shows, we found a
significant decrease of this parameter for the majority of the
thawed explants, with the exception of those previously cryopre-
served in Me2SO at 10% v/v either alone or along with sucrose at
M2SO 10%
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Fig. 1. Effects of different cryoprotectants’ concentrations on the cellular survival
rate after thawing.
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Fig. 2. Effects of different cryoprotectants’ concentrations on the cellular function-
ality after thawing.
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0.2 M. In these two latter cases, the achieved PD rates were similar
to those observed in the fresh controls.
Viability of thawed cells derived from skin biopsies of the Iberian lynx

The viability of isolated thawed cells previously obtained from
skin explants cultures was evaluated by means of the survival rate
and the percentage of cellular functionality. As shows Fig. 1, the
survival rates after thawing were very high and around 90% for
cells from the three freezing solutions used, with no statistically
significant difference among them.

Concerning the percentage of cellular functionality, living cells
previously cryopreserved in the three freezing media presented
after thawing mean values around 85%, without any statistically
significant difference among the three groups (see Fig. 2).
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Discussion

Cryobanking skin tissues and cells permit maintaining a maxi-
mum representation from the population biodiversity. This is a rel-
evant aspect to take into account in endangered and threatened
species, populations potentially menaced by an eventual epizooty
and from which it is difficult to obtain gametes. However, properly
cryobanking highly valuable, scarce and small tissues and derived
cells require developing appropriate protocols. In order to establish
optimal culture and freezing procedures related to skin tissues and
cells from the Iberian lynx, the most endangered felid in the world,
we analyzed twelve different culture conditions and fifteen differ-
ent freezing solutions for skin explants, as well as three different
freezing solutions for isolated cells derived from them. We selected
appropriate quantitative parameters, which conduced to discern
among all the possibilities studied, those presenting the best con-
ditions of culture and freezing. Therefore, by covering a broad spec-
trum of possibilities we established in this work the optimal
conditions to implement a genetic resource bank (GRB) by means
of skin tissues and cells from an endangered species when gametes
to preserve are very scarce, a common problem when dealing with
endangered species.

Skin samples in endangered and threatened species have to be
as small as possible, in order to avoid any disturbance of the ani-
mals, what constitutes a problem to overcome when trying to as-
sure the success in the cellular culture. In highly valuable and
small explants, the establishment of the optimal culture conditions
becomes therefore an important issue. With such a goal, we con-
sidered analyzing the effect of several nutritional supplements
and culture strategies. Among the nutritional supplements, we
chose those susceptible of having a relevant effect upon the so-
matic cell cultures, differentiating between basic (glucose and ser-
um) and additional (growth factors) supplements. Concerning the
basic supplements, the serum concentration used in the culture
medium has a significant influence on the cell growth [18]. A ser-
um percentage of 10% has probably been the most widely used in
previous studies [27,33,28,18,13]. In our work, we were interested
in analyzing a possible potentiating effect induced by higher serum
concentrations. We hence compared the effect of several foetal bo-
vine serum (FBS) percentages: 10%, 15% and 20%. On the other
hand, cells require a constant energy source to drive metabolic pro-
cesses, being carbohydrates, especially D-glucose, the key energy
additives in culture media. We also therefore considered interest-
ing to compare the possible effects on the cellular growth of the
glucose concentration. To that end, each FBS percentage studied
was combined with either a low (1 g/L) or high (4.5 g/L) glucose
concentration by using two culture strategies, non-treated and
gentle collagenase pre-treated explants, testing thus twelve differ-
ent culture conditions.
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hly valuable explants and cells, Cryobiology (2011), doi:10.1016/

http://dx.doi.org/10.1016/j.cryobiol.2011.02.001
http://dx.doi.org/10.1016/j.cryobiol.2011.02.001


460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

6 T. León-Quinto et al. / Cryobiology xxx (2011) xxx–xxx

YCRYO 3135 No. of Pages 7, Model 5G

16 February 2011
In order to establish the optimal culture conditions for skin ex-
plants we quantified the culture quality by means of the parame-
ters plating efficiency (PE), cell-donor (CD) explants and
population doubling (PD) rate. The former PE parameter has been
widely used in the literature in assessing culture quality, mainly
because it is the first requirement to permit the cell outgrowth
around explants. We achieved complete success in such a parame-
ter both for fresh and thawed explants, probably due to their pre-
treatment that consisted of culturing for 2 h at 37 �C in 5% CO2 in
air before adding the culture medium, conditions previously estab-
lished in our laboratory [25,24,23]. Concerning the CD parameter,
outgrowing cells around explants had an overall trend of appearing
in collagenase pre-treated explants before than in non-treated
ones. However, after 7 days all the explants presented cells around
them in whichever the strategy employed. Proliferation ability of
the cells growing around explants in the different culture condi-
tions was quantitatively assessed by the population doubling
(PD) assay. Since we achieved 100% in PE and all the explants pre-
sented cells around them after 7 days of culture, the PD rate ac-
quired more relevance than the other two parameters, in order
to be able to discern the optimal culture conditions among the
twelve tested. The relevance of using a high glucose concentration
was objectivized when comparing the PD rate values. Indeed, in
both culture strategies a significant improvement in the PD rate
was found at any FBS percentage when the glucose concentration
was changed from a low to a high value. A significant amelioration
in the proliferation ability of the cells was also obtained by increas-
ing the FBS percentage up to 15% or 20%, as compared to the most
widely used percentage of 10%. Therefore, our results showed that
the use of high glucose (4.5 g/L) concentration and high FBS per-
centage, either 15% or 20%, led to achieve the best results in the
cellular cultures, in whichever of the two strategies employed.
Likewise, FBS at 20% in the culture medium did not induce any sig-
nificant increase as compared to FBS at 15%, being therefore unnec-
essary to use the former percentage. With the finality of trying an
additional positive effect on the already high performance ob-
tained for the cell cultures in presence of glucose at 4.5 g/L and
FBS at 15%, we added the mitogenic agents EGF or FGF at 5 and
10 ng/mL each one. As a result, the high PD rate obtained by means
of modulating the basic supplements studied was significantly in-
creased but only in non-treated explants with EGF added at 10 ng/
mL.

Summarizing, our results showed that no single strategy in the
culture of explants stood out against any other. We chose therefore
the ‘‘non-treated explants’’ strategy since the PD rate significantly
increased when EGF was added at 10 ng/mL and so that explants
can be utilized several times, avoiding possible enzymatic damage
to the tissue. We hence delimited the optimal culture conditions to
apply in skin explants culture, which include as supplements glu-
cose at 4.5 g/L, FBS at 15% and EGF at 10 ng/mL by using non-trea-
ted explants as culture strategy.

Once the optimal culture conditions for skin samples from the
Iberian lynx were established, we next analyzed the effects of dif-
ferent freezing solutions on the explants and cell culture quality
after thawing. Because of its high membrane permeability, Me2SO
has been extensively used as a protectant for cryopreservation of
different types of cells and tissues, i.e., human platelets [11],
umbilical cord blood cells [19] or human skin allografts [3], among
others. However, despite the protection that the cryoprotectant of-
fered to the cells during freezing and thawing, cryoprotectants can
be damaging to cells, especially when they are used in high con-
centrations [10]. In this way, Wang et al. [34] showed that expo-
sure of dermal fibroblast to Me2SO at concentrations lower than
15% (v/v) leads to better cell survival rates, being >90% when
Me2SO was used at 5 and 10%, regardless of the duration and tem-
Please cite this article in press as: T. León-Quinto et al., Cryobanking the genetic
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perature at which exposure occurred. The same authors also
showed that when using Me2SO at 10% (v/v) and a cooling rate of
1 �C min�1 (from 4 to �60 �C), the frozen-thawed engineered-der-
mal tissues could retain the maximal cell viability, which was 75%
of the fresh control viability. Considering these previous works we
chose a cooling rate of 1 �C min�1 and Me2SO concentrations
around 10 but lower than 15% (5%, 7.5%, 10%, 12.5% and 15% v/v)
for explant cryopreservation. On the other hand, the combination
of dimethyl sulfoxide and non-permeating cryoprotectant sucrose
has been previously studied. When Goldfish fin cells were cryopre-
served by using dimethyl sulfoxide at 13% v/v together with su-
crose at 166 mM, half of them survived after thawing [27]. In
tissues, when Me2SO was used to preserve Goldfish fins at 10% v/
v in combination with sucrose at 125 mM, the frozen-thawed ex-
plants showed after 14 days of culture the same cell growth rate
and somatic cell number as the fresh ones [28].

Considering the previous related works, we investigated the
ability of Iberian lynx skin explants and cells to be cryopreserved
by means of Me2SO either with or without added sucrose. Fifteen
different freezing solutions were studied for explants and three
for isolated cells. The assessment of the cryopreservation effects
was carried out by comparing the development of the cellular cul-
ture in thawed versus fresh explants through the previously com-
mented quantitative parameters PE, CD and PD. One additional
parameter was introduced in this part of the work, the cellular rate
(CR), which informed us about the relative percentage of cells out-
growing around thawed explants at day 7 after thawing, with re-
spect to the cells obtained in fresh ones at the same time lapse.

Our results showed that the plating efficiency (PE) of thawed
explants was not altered by any of the freezing solutions. The per-
centage of explants presenting outgrowing cells at day 3 (CD
parameter) in frozen-thawed explants was instead moderately
lower than in fresh ones, not reaching 100% in any case. In the
same way, the CR parameter at day 7 was decreased in all thawed
explants. Considering both parameters, CD and CR, all explants
cryopreserved in Me2SO at 10% and 12.5% v/v, either with or with-
out added sucrose, achieved the highest percentages being them
similar for the six freezing conditions. Once again, as occurred in
fresh explants when comparing the culture conditions, the popula-
tion doubling rate was the quantitative parameter conducing to
clearly differentiate among the different freezing solutions. The
ability to proliferate of the cells outgrowing around explants was,
once isolated, significantly decreased in the majority of the thawed
explants. However, in spite of the delay observed in thawed ex-
plants in appearing cell outgrowing around explants and even a
decrease in the cell number at day 7 after thawing, cells coming
from tissues cryopreserved in Me2SO either alone or along with su-
crose 0.2 M achieved population doubling rates similar to those
found for fresh ones.

In order to freeze isolated cells obtained from explants cultures
we were interested in assessing not only the number of living cells
remaining after thawing but also their functionality. Survival rates
obtained after thawing were very high for cells from the three
freezing solutions used, the mean value being around 90% and thus
similar to those obtained in other species when the cryoprotectant
used was Me2SO at 10% alone [33,34]. Moreover, the three freezing
solutions used, Me2SO alone as well as in combination with su-
crose at either 0.1 or 0.2 M, resulted in retaining about 85% of
the cellular activity in thawed living cells.

Taken together the results obtained from thawed tissues and
cells, the cryoprotectant Me2SO at 10% v/v, either alone or along
with the non-permeating cryoprotectant sucrose at 0.2 M, properly
preserves the culture properties of skin explants. Likewise, Me2SO
at 10% v/v alone and together with sucrose at 0.1 or 0.2 M seem to
be very appropriate to cryopreserve isolated skin cells.
diversity in the critically endangered Iberian lynx (Lynx pardinus) from skin
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Conclusions

This study represents the first attempt for the felid family in
general and the Iberian lynx in particular, to delimit the require-
ments and conditions for properly cryobanking skin explants and
cells. Our results are relevant to establish optimal culture and
freezing procedures related to somatic tissues and cells, as a first
step to initiate a genetic resource bank from skin biopsies when ga-
metes are difficult to obtain. Considering that the majority of the
species of the felid family are threatened and that no similar stud-
ies have been carried out in any other species of this family, our re-
sults could provide a useful starting point to develop genetic
resource banks for other threatened/endangered felids, in order
to cryopreserve their genetic patrimony.
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