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ABSTRACT

The snow leopard (Panthera uncia) is a Vulnerable felid, and cryobanking of its somatic cells is a practical way to pre-
serve the genetic diversity of the Kazakhstan population. We compared the post-thaw viability of snow leopard skin fibro-
blasts after two slow-freezing protocols. Primary fibroblast lines were established from ear-skin biopsies of 16 animals and
cryopreserved at passage 5. In experiment 1, cells were frozen passively in cryovials placed in a polystyrene block at =70 °C
(about 1 °C/min) in fetal bovine serum with 10% dimethyl sulfoxide (DMSO). In experiment 2, cells were frozen in 0.5 mL
straws in a programmable freezer with 1.5 M DMSO or 1.5 M ethylene glycol (EG). Viability was assessed by trypan blue
exclusion. Passive freezing reduced viability from 98.5 + 0.3% to 43.7 + 12.5% (p < 0.001). Controlled-rate freezing yielded
57.9 + 9.4% viable cells with DMSO and 62.9 + 8.9% with EG; the difference between the two cryoprotectants was not sig-
nificant (p = 0.13). Both controlled-rate variants outperformed passive freezing, by 14.2 and 19.2 percentage points (one-way
ANOVA, F(2,45)=14.7, p < 0.001; Tukey test, p < 0.001). Thawed cells reattached, proliferated and reached confluence within
7 days. Controlled-rate freezing in straws is recommended for the snow leopard somatic cell bank, and DMSO and EG can be
used interchangeably. The resulting fibroblast collection forms the first somatic cell cryobank of snow leopards in Kazakhstan.

Keywords: snow leopard; Panthera uncia; fibroblasts; cryopreservation; controlled-rate freezing; dimethyl sulfoxide; eth-
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1. INTRODUCTION

The snow leopard (Panthera uncia Schreber, 1775) in-
habits the high mountains of Central and South Asia and is
listed as Vulnerable on the IUCN Red List; its main threats are
poaching, depletion of wild prey, conflict with livestock herd-
ers and habitat fragmentation [1]. In Kazakhstan the species
is included in the national Red Book and occurs in the Tien
Shan, Dzungarian Alatau, Saur-Tarbagatai and Altai ranges
[2]. Populations of large felids are small, scattered and slow
to recover, so every individual carries a noticeable share of
the remaining genetic diversity.

Genome resource banks complement in situ protection by
storing germplasm and somatic material at —196 °C for fu-
ture use [3—5]. Somatic cell banks are particularly practical
for wild carnivores: a small skin biopsy can be taken from an
animal of any sex and age during immobilisation, and fibro-
blast lines derived from it provide DNA for genomic studies,
donor nuclei for somatic cell nuclear transfer and starting ma-
terial for induced pluripotent stem cells [6, 7]. In felids this
approach has been implemented for the Iberian lynx [8], the
African wildcat, which was cloned from fibroblasts [9], the
jaguar [10] and the Bengal tiger [11].

Reproductive and cellular technologies for the snow
leopard remain poorly developed. Published work concerns
mainly semen characteristics and sperm function in captive
males [12, 13], and induced pluripotent stem cells were de-
rived from snow leopard fibroblasts [14]. To our knowledge,
however, freezing protocols for snow leopard somatic cells
have not been compared, although the choice of protocol de-
termines how much of a banked sample survives thawing.

Cell survival after slow freezing depends on the cooling
rate and on the cryoprotectant. Cooling that is too fast leads to

intracellular ice, while cooling that is too slow prolongs expo-
sure to concentrated solutes [15—17]. Passive freezing devices
are cheap and simple, but they do not control the moment of
ice nucleation or the cooling profile, which increases sam-
ple-to-sample variation [18]. Programmable freezers make
the cooling reproducible. Dimethyl sulfoxide (DMSO) and
ethylene glycol (EG) are the most widely used permeating
cryoprotectants, and results obtained with them for felid so-
matic cells are contradictory: in jaguar cells EG was inferior
to DMSO [19], whereas in puma cells the two agents gave
similar results [20].

The aim of this study was to compare the post-thaw viabil-
ity of snow leopard skin fibroblasts after passive slow freez-
ing with DMSO and after controlled-rate freezing with DMSO
or EG, and to choose a protocol for the somatic cell cryo-
bank of snow leopards in Kazakhstan. The same laboratory
has recently applied a similar comparison to saiga fibroblasts
(Toishibekov et al., submitted).

2. MATERIALS AND METHODS

2.1. Animals and sampling

Skin samples were taken from the outer surface of the
ear of 16 wild-caught snow leopards. The biopsy site was
treated with 70% ethanol, and samples were placed in con-
tainers with transport medium (DMEM with 10% fetal bovine
serum (FBS) and an antibiotic solution at 100 IU/mL) and de-
livered to the laboratory at 20—24 °C within 72 h. Live cap-
ture, handling and biopsy sampling were approved by the in-
stitutional animal care and ethics committee of the Institute
of Genetics and Physiology, Committee of Science, Ministry
of Science and Higher Education of the Republic of Kazakh-
stan, Almaty, Kazakhstan (protocol No. 3, 30 October 2023).
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2.2. Primary culture of fibroblasts

In a class II biological safety cabinet (ESCO), samples
were washed twice in Dulbecco’s phosphate-buffered saline
(DPBS; Sigma, USA) and cut into pieces of about 1 mm? in
a small volume of growth medium. Explants were placed on
the bottom of 25 cm? culture flasks and covered with DMEM
(Sigma, USA) supplemented with FBS 10 %, L-glutamine and
an antibiotic solution (all Sigma, USA). Cultures were kept at
37 °C in a humidified atmosphere (85%) with 5% CO,. Each
animal gave one independent cell line. Cells were passaged at
confluence by trypsinisation, and cells of passage 5 were used
for cryopreservation. Only reagents from Sigma (USA) were
used, and aseptic procedures followed the recommendations
of the International Embryo Technology Society.

2.3. Experiment 1: passive slow freezing

The cell suspension was centrifuged at 160 g for 10
min, and the pellet was resuspended in FBS containing 10%
DMSO (Sigma, USA) at 1-10 x 10° cells/mL. The suspension
was transferred to cryovials, which were placed in the wells
of a polystyrene foam block with 1 cm walls and put into a
freezer at —70 °C; under these conditions the sample cooled
at about 1 °C/min. After 24 h the cryovials were transferred
to liquid nitrogen.

2.4. Experiment 2: controlled-rate freezing

Cells were frozen with 1.5 M DMSO or 1.5 M EG (Sigma,
USA) prepared in DPBS, at a final concentration of 2 x 10°
cells/mL. The suspension was loaded into 0.5 mL straws
(CryoBioSystem, France), which were sealed with straw seal-
ant (MiniTube, Germany). Straws were held at 5 °C for 2 h for
equilibration and then cooled in a Planer Kryo 360-3.3 pro-
grammable freezer (Planer, UK) from 5 °C to —40 °C at 1 °C/
min and from —40 °C to —85 °C at 4 °C/min, after which they
were plunged into liquid nitrogen. In both experiments the
cells of each line were divided among the treatments, so that
every line was represented in every group (n = 16 per group).

2.5. Thawing and viability assessment

Cryovials were kept at room temperature for a few sec-
onds to let residual nitrogen evaporate and then placed in a
water bath at 37 °C; straws were thawed in a water bath at 37
°C for 5 min. The cryoprotectant was removed by dilution in
a 20-fold volume of DMEM and centrifugation at 160 g for
10 min, and cells were resuspended in complete DMEM with
10% FBS, 2 mM L-glutamine and antibiotics [21]. The cell
suspension was mixed with 0.4% trypan blue and counted in
a Goryaev haemocytometer; unstained cells were scored as vi-
able and stained cells as dead, and viability was expressed as
the percentage of viable cells [22]. Viability of the same sus-
pensions was determined before freezing. Part of the thawed
cells was returned to culture in DMEM with 10% FBS to
check their ability to attach and proliferate.

2.6. Cryobank

For long-term storage, streptomycin (50 pg/mL) was
added to the cryoprotective medium. Cells and skin samples
of all animals were stored in liquid nitrogen at —196 °C in the
Germplasm Biobank of Wild Animals of the Institute of Zo-
ology.

2.7. Statistical analysis

Viability is given as mean =+ standard deviation (SD) with
95% confidence intervals (CI); n = 16 cell lines per group. Vi-
ability before and after freezing (experiment 1) and the two
cryoprotectants (experiment 2) were compared with Welch’s
t-test. The three freezing variants were compared by one-way
ANOVA followed by Tukey’s test. Differences were consid-
ered significant at p < 0.05. Calculations were made from
group means, SD and n = 16 (Python 3.11).

3. RESULTS

3.1. Primary cultures

Fibroblast lines were obtained from all 16 animals. Cul-
tures consisted of spindle-shaped cells typical of fibroblasts.
Viability of cells at passage 5 before freezing was 98.5 +
0.3%.

3.2. Experiment 1: passive slow freezing

After passive freezing with 10% DMSO, 43.7 + 12.5% of
cells were viable, i.e. viability fell by 54.8 percentage points
(Table 1). The spread between lines was wide (coefficient of
variation 29%). Thawed cells cultured in DMEM with 10%
FBS attached and formed a confluent monolayer within 7
days, after which they were passaged. The cultures had the
appearance of typical fibroblasts without epithelial cells or
visible debris.

3.3. Experiment 2: controlled-rate freezing with DMSO
or EG

After controlled-rate freezing, viability was 57.9 + 9.4%
with 1.5 M DMSO and 62.9 + 8.9% with 1.5 M EG (Table 2).
EG gave on average 5.0 percentage points more viable cells,
but the difference was not significant (p = 0.13), and its 95%
CI included zero.

3.4. Comparison of freezing variants

The freezing variant had a significant effect on post-thaw
viability (one-way ANOVA, F(2,45) = 14.7, p <0.001; Figure
1). Controlled-rate freezing with DMSO gave 14.2 percentage
points more viable cells than passive freezing (95% CI 5.3—
23.1; Tukey test, p=0.001), and controlled-rate freezing with
EG gave 19.2 percentage points more (95% CI 10.3-28.1; p
< 0.001). The two controlled-rate variants did not differ (p =
0.37). Relative to viability before freezing, 44% of cells sur-
vived passive freezing, 59% survived controlled-rate freezing
with DMSO and 64% with EG.

Table 1. Viability of snow leopard skin fibroblasts before and after passive slow freezing with 10% DMSO (n = 16)

Stage n Viable cells, % (M £ 95% CI
SD)

Before freezing 16 98.5+0.3 98.3-98.7

After thawing 16 43.7+12.5 37.0-50.4

Difference 54.8 48.1-61.5

Welch’s t-test: t = 17.5, p < 0.001.
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Table 2. Post-thaw viability of snow leopard skin fibroblasts after controlled-rate freezing with 1.5 M DMSO or 1.5 M eth-
ylene glycol (EG) (n = 16 per group; viability before freezing 98.5 £+ 0.3%)

Cryoprotectant n Viable cells, % (M + 95% CI
SD)

1.5 M DMSO 16 579+94 52.9-62.9

1.5 M EG 16 62.9+8.9 58.2-67.6

Difference (EG — DMSO) 5.0 -1.6to 11.6

Welch’s t-test: t = 1.55, df =29.9, p = 0.13 (not significant).

Figure 1. Post-thaw viability of snow leopard skin fibroblasts
after passive slow freezing with 10% DMSO and controlled-rate
freezing with 1.5 M DMSO or 1.5 M ethylene glycol (EG). Bars

show means, whiskers 95% CI; n = 16 per group. Different letters
indicate significant differences (one-way ANOVA, Tukey test, p <
0.05). The dashed line shows viability before freezing.

4. DISCUSSION

This study provides, to our knowledge, the first compar-
ison of freezing protocols for snow leopard fibroblasts. The
main result is that controlled-rate freezing in straws preserved
14-19 percentage points more viable cells than passive freez-
ing in cryovials, while the choice between DMSO and EG at
1.5 M did not significantly affect the outcome.

The advantage of the programmable freezer is consistent
with the basic principles of slow freezing. Survival is highest
at a cooling rate that removes enough water from the cell to
prevent intracellular ice but does not expose the cell to con-
centrated solutes for too long [15, 16]. In a passive device the
actual cooling rate depends on the sample volume, the con-
tainer and the load of the freezer, and ice nucleation occurs
spontaneously after variable supercooling; the release of la-
tent heat then raises the sample temperature and changes the
cooling profile [17, 18]. These uncontrolled events are a likely
cause of both the lower mean viability and the wider spread
of results after passive freezing (29% coefficient of variation
versus 16% and 14% in experiment 2).

Post-thaw viability of 44% after passive freezing is close
to the values reported for other wild felids. Jaguar fibroblasts
frozen with EG retained 45.8% viable cells compared with
97.8% before freezing, whereas DMSO gave better results in
that study [19]. In puma cells, in contrast, reducing the con-
centration of DMSO or EG or replacing one with the other
did not change viability [20]. Our data agree with the latter:
at equal molarity, EG was slightly but not significantly better

than DMSO. EG has a lower molecular weight and perme-
ates cells faster than DMSO, which may reduce osmotic stress
during loading and dilution [17], but in snow leopard fibro-
blasts this did not translate into a significant gain. Both cryo-
protectants can therefore be used, and the choice can be based
on availability and on the intended downstream application.

The ability of thawed cells to attach and reach confluence
within 7 days shows that the banked material remains suit-
able for further culture. Snow leopard fibroblasts have already
been reprogrammed into induced pluripotent stem cells [14],
and fibroblasts of other felids have served as donor cells for
nuclear transfer [9]. A somatic cell bank covering many in-
dividuals of the Kazakhstan population is thus a realistic re-
serve for genetic studies and for future reproductive technol-
ogies [6, 7, 10].

The study has limitations. The two experiments differed
not only in the cooling method but also in the container (cryo-
vial versus straw), the carrier medium (FBS versus DPBS)
and the cell concentration, so the effect of the cooling method
cannot be fully separated from these factors; the DMSO con-
centration, however, was similar (10% DMSO corresponds to
about 1.4 M). Viability was assessed only by trypan blue ex-
clusion, which reflects membrane integrity but not metabolic
activity, apoptosis or proliferation rate, which are affected by
cryopreservation in felid cells [23-25]. Statistics were calcu-
lated from summary data with tests for independent groups;
because every line was represented in every group, a paired
analysis of the raw data would be more powerful.

5. CONCLUSION

Passive slow freezing of snow leopard skin fibroblasts
with 10% DMSO preserved 43.7% viable cells, whereas con-
trolled-rate freezing in 0.5 mL straws preserved 57.9% with
1.5 M DMSO and 62.9% with 1.5 M EG. Controlled-rate
freezing was significantly better than passive freezing, and
the two cryoprotectants did not differ significantly. Con-
trolled-rate freezing in straws with 1.5 M EG or 1.5 M DMSO
is recommended for the somatic cell cryobank of the snow
leopard. Fibroblast lines of 16 snow leopards are now stored
in the Germplasm Biobank of Wild Animals of the Institute
of Zoology.
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KPUOKOHCEPBAIIUA ®PUBPOBJACTOB KOKH CHEXHOI'O BAPCA (PANTHERA
UNCIA) N3 KABAXCTAHA: HACCUBHOE MEJJIEHHOE 3AMOPA’KUBAHUE B CPABHEHHUU
C 3AMOPA)KUBAHUEM C KOHTPOJMPYEMOM CKOPOCTBIO B IPUCYTCTBUHU
JAUMETHJICYJIb®OKCHIA UIHN 3TUJIEHITINKOJIA

Epxan Toiimuodexos', Asekceii I'pauen’, Maguna CanmenoBa'*, Tyaenasl Hypkenos', budouryar Karybaesa’,
Junumyxamen Toiimbioex', Mugupa Kymaesa', Makcum becnanos', Cepreii becnanos', Cantope Canap6aes*

Hncemumym 300n0euu Komumema nayku Munucmepemea Hayku u gvicute2o o6pazoeanusi Pecnyoruxu Kazaxcman, Anmamul,
Kazaxcman
*4emop xoppecnonoenm: Maouna Carmenosa, leleo@bk.ru

AHHOTAIIUA

CHexHblit 0apc (Panthera uncia) OTHOCUTCS K YSI3BHMBIM BHIaM KONIAYbHX, U KPHOOAHK €r0 COMATHUECKHUX KICTOK —
NPaKTHYECKUI CI0CO0 COXPAHUTh FEHETUUECKOE Pa3HOO0pa3He Ka3axCTaHCKOM NOMYJIAIMN. Mbl CPaBHHUJIM KM3HECTIOCOOHOCTh
(uOpo0IACTOB KOXKKM CHEXKHOTO Oapca Mociie OTTauBaHMs IPH JIBYX CIIOCO0axX MEJICHHOTO 3aMopaxuBaHus. [lepBruuHbIe Ju-
H1U GuOpoOIaCcTOB MOTy4EHbI U3 OHONTATOB KOXKHU YIITHOM PaKOBHHBI 16 )KMBOTHBIX M 3aMOPOXKEHBI Ha 5-M maccaxe. B omnbite
1 KJIeTKH 3aMOPaKUBAJIM MTACCHBHO B KPUOIIPOOHMPKAX B IMEHOMOMUCTHPOIbHOM Os0ke mpu —70 °C (okono 1 °C/muH) B de-
TaJIbHOI ObIubelt chiBopoTKe ¢ 10% mumeruicynbhokcua (JIMCO). B onbiTe 2 KIIeTKH 3aMOpa)KMBaJIU B colloMuHKax 0,5 Mt
B IporpaMmHoM 3amopaxusarese ¢ 1,5 M IMCO wunu 1,5 M stunenniukonem (O17). XKu3necnocoGHOCTH OLEHUBAIIH MO HC-
KITIOUEHUIO TPUIMAHOBOTO cuHero. [laccuBHOE 3aMopakuBaHUE CHU3WIIO JIONIO KUBBIX KJIeTok ¢ 98,5 + 0,3% mo 43,7 £ 12,5%
(p <0,001). ITpu mporpaMMHOM 3aMOpPaXKMBAHUH OIS KHUBBIX KJIETOK cocTaBmia 57,9 + 9,4% ¢ JIMCO u 62,9 + 8,9% ¢ OI';
pasnudre MeXIy KpuonpoTekTopamu HegocToBepHo (p = 0,13). Ob6a BapuaHTa MpOTpaMMHOTO 3aMOPaKUBaHUS MPEB3OILTN
naccuHoe Ha 14,2 u 19,2 npoueHTHOro myHKTa (0AHO(aKTOPHBIIN TUCTIepCHOHHBIN aHanu3, F(2,45) = 14,7, p < 0,001; xpu-
tepuii Toroku, p < 0,001). [Tocie oTTanBaHusI KJIETKU MPUKPEILISUIUCH, IPOIIU(PEPUPOBAIN U JOCTHUIAJIH KOH(IIOIHTHOCTH 32
7 cytok. J{is kproOaHka coMaTHYECKHUX KIETOK CHE)KHOTO 0apca peKOMEeHIyeTCsl IIPOrPaMMHOE 3aMOPaKMBaHUE B COJIOMHH-
kax; JIMCO u OI B3aumozamensieMbl. [lonyueHnas kosekuus puopo61acToB COCTaBISIET MEPBbI KPUOOAHK COMaTHUECKUX
KIIETOK CHexHoro Oapca B Kazaxcrane.

KuaroueBble ciioBa: cHexxHbil Oapc; Panthera uncia; GubpoOIacThl; KPUOKOHCEPBALIUS, POrPAMMHOE 3aMOPaKHBAHHUE;
JUMETHIICYTb()OKCHUT; ITHIICHITINKOIb; KPUOOAHK.

KA3AKCTAHHAH AJIBIHF'AH KAP BAPBICBIHBIH (PANTHERA UNCIA) TEPI
OUBPOBJACTTAPBIH KPUOKOHCEPBALIUAJIAY: IUMETHJIICYJIb®OKCHUJI HEMECE
ITUJEHIVINKOJIb KATBICYBIMEH TACCUBTI BAAY MY3JATY )KOHE BAKbIJTAHATBIH
KBUIJAMIABIKITEH MY3JIATY

Ep:xan ToiimbioexoB', Anexceii I'paues’, Maguna CoamenoBa'*, Tynenast Hypkenos', buoirya Kary6aesa',
Hinmyxamen Toiimbioex', Uuaupa Kymaesa', Makcum becnanos’, Cepreii becnanos', Canrepe Canapoaes’

3oono2ua uncmumymsi, foinvim komumemi, Kazaxcman Pecnyonuxacel Foluvim dcane dco2apul Oinim Munucmpiiei, Anmamat,
Kazaxcman
*Tinwi asmop: Maouna Caamenosa, leleo@bk.ru

AHJIATITA

InGic (Panthera uncia) — ocal Typiep caHaTbIHA KaTaThIH MBICHIK TYKBIMIAC JKBIPTKBIII, aJI OHBIH COMaTHKAJBIK YKacy-
IIanapblH KpHoOaHKTe cakTay Ka3zakcTaH MOMySIUsChIHBIH TeHETHKAIBIK OPTYPIIUIITiH CaKTayIbIH THIMI1 KOJIBI OOJIBII Ta-
Oputanel. JKymeicta 116ic Tepici puOpobIacTTapbIHBIH epITKEHHEH KeHiHT1 TipIIijlikke KaOineTTiiiri 6asy My3IaTyaslH exi
omici GoMBIHIIA CambICTRIPBULIBI. bacTankel Gpudpodnact sxeminepi 16 xaHyapablH KYJIaK TepiCiHiH OMONTaTTapblHAH aJlbI-
HBIII, S-TTaccakaa KpHOKOHCepBanmsIaHasl. |-Toxipubene xacymanap 10% mumermncynbdokeuni (AMCO) 6ap derambab
Oy3ay capbICybIH/a KpHOTIpoOupKaiapaa neHononuctupon onokra —70 °C Temneparypazaa naccusti Typae (mmamamen 1 °C/
MUH) MY3IaTbULIBL. 2-Toxipudene xacymanap 0,5 M comomuHKanapaa 6armapnamansl my3narkeimra 1,5 M JIMCO nemece
1,5 M stunenrmxonsmed (O17) my3nateuisl. Tipmrimikke KaOUIeTTUTIK TpyUIlaH KeriMeH 00sty apKpUTsl Oarananabl. [laccuBTi
My37aTy Tipi xacymanap ynecid 98,5 + 0,3%-man 43,7 + 12,5%-ra neitin tomenaerti (p < 0,001). barmapaamans! my3gatyaa
Tipi )kacymamnap JMCO-men 57,9 £ 9,4%, OI'-men 62,9 + 8,9% Kypaisl; KpHOIIPOTEKTOPIAp apaChIHIAFbI aifbIPMaIIbUTBIK
cenimcis (p = 0,13). barmapnamainsr My31aTyabIH €Ki HYCKachl 1a TacCUBTI My3aaTtyaas 14,2 sxone 19,2 malbI3IbIK TapMaKkKa
sorapsl 0ol (Oipdakropiel quCepcHusIbIK Tanaay, F(2,45) = 14,7, p < 0,001; Teroku kputepwiii, p < 0,001). EpiTkeHHneH
KeliH )kacymmanap OexiHirm, kebeitin, 7 ToyaikTe KOH(PIIO3HTTIKKE skeTTi. [mOicTiH coMaTHKambIK xKacymanap OaHKi YIIiH co-
JoMUHKaNapaa 6armapimamaisl Mmy3aary yesHsriaasr; JJMCO men OI 6ip-0ipin anmacTeipa anaasl. AnblHFaH puOpodmacTTap
KoJuIeKIusAchl KazakcTanaarbl LIOICTIH amFamKkbl COMaTHKAIIBIK JKacylianap KpruoOaHKiH Kypaiabl.

Tyiiin ce3nep: inbic; Panthera uncia; hpubpoOiacTTap; KPUOKOHCEpBAIKS; OaraapiaaMabl My3aTy; JUMETHICYTb(OK-
CHUJ, STUJICHITIUKOJIb, KpI/I06aHK.
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