Fish PGC cryopreservation:
is it a realistic tool for fish conservation biology?
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Why and what for?

Host sterilization
improves efficiency
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PGC cryopreservation: tools for PGC visualization

TIME LAPSE




PGC cryopreservation: tools for PGC visualization

There are alternative non-transgenic methods

» GFP-nos 3'UTR mRNA

» FITC (for sturgeon) Saito et al. 2014

Riesco and Robles 2015



PGC cryopreservation: protocols

Table of PGCs cryopreservation protocols in different teleost species

n SPECIES BIDLOGICAL SAMPLE PROTOCOL AND SURVIVAL EFFICIENCY EVALUATION METHOD
Anguilla jsponica Cryoprotectants Loading containers and survival eficiency
Kawakamietal, 2012a  YIE Yolk-intact embryos PS15MEG VS IMEG \iirification on a nylon mesh and stored into a cryogenic vial EGFP positive
YDE: Yolk-depleted embryos Time ratio VEPS imin) Survival PGCs rate and negative cells
1110 411720 ) 120 1 2 3 4 il i for frypan bue
2510 515720 B) 520 YIE - - - - - -
31010 &) 10720 ) 10530 YDE 0% 0% 0% o % = TE%
T a b
YIE 0% 0% 0%
YDE 0% 0% 0%
Cypinus capio Cryoprotectants Loading containers and survival efficiency
2 Kawskamietal, 2012b ¥DE: Yolk-depleted embryos EG DRSO \itrification on a nylon mesh and stored into a eryogenic vial EGFP postive
P3:15M WS IM PS5 15M VS IM Survival PGCs rate and negative cells
Tirme ratio VE/PS [min) EG DMS0 for trypan blue
1) 5730 320030 5) 150 71300 1) 1% 5] =48% 1) =0%
210730 4130730 ) 250 ) 6) =38% 2 = 445
3 7 0% 3) = 5%
4)
Danio revic Cryoprotectants (WS Loading contaners and survival eficiency
3 Higaki et al.. 2010 EM: Embrypos PS5 V5 \itrification on a nylon mesh and stored into a cryogenic vial EGFP positive
AZM EL - &EM Moo Of membrane-intact PGCs per embryo and negative cells
Tirme rafio VS/PS (min) EG 1 2 3 4 for trypan blue
1) 10v20 3)1WzD Al 0 =13 =02 =33
2)20720 4) 2030 B} =03 =35 =37 =432
DMSO 1 2 3 4
Al a =02 ] =1
B} a =15 =02 =2
4 Riescoetal., 2012 GR: Genital ridges 1){EM) 5 MDMS0 + 1 MEG + 4% PUP Survival PGCs rate EGFP positive
EM: Embryos 2)(GR) 5 MDMS0 + 1 MEG + 4% PVP 0.5 ml straw 1) = B0% 2) = 90% 3) = 00% 4) = 50% 5) and nagative cells
DC: Dissociated celis 3)(GR) 5 MDMS0 + 1 MEG + 4% PVP + 10 mg/mL AFP Cryovial 1)=75% 2)=75% 3) - 4 - § for trypan blue
4)(GR) 5 MDMS0 + 1 M EG + 4% PVP + 20 mg/mL AFP Microdrop =98% 3 - 4 - and pseudopoda
5){DC) 5 MDMS0 + 1 MEG + 4% PVP Microcapsule 1) - 2 - 3] - 4) 5} = 25%, Emission
5 Higaki et al.. 2013 YDE: Yolk-depleted embryos PS WS Vitrification on a nylen mesh and stored into a cryogenic vial EGFP positive
A)2ZMEG+ 1M DMSD A)IMEG+ 2 MDMS0 YDE (Mo. of membrane-intact PGCs per embrya) and negative cells
B)2ZMEG + 1MPG B)2MEG + ZMPG A B [ D E F for trypan blue
C)2 MDMS0 + 1 MEG C) 3M DMSO + 2 MEG 1) - - - - - - and pseudopoda
D)2 MDMEOD + 1 M PG C) 3 M DMSO + 2 M PG 2) =0 =65 =B =6 =5 - emission
E}2MPG + 1 MDMS0 E) 2MPG + 2 M DMS0 3 =0 6.5 =75 =75 =75 = 6.5
FIZMPG+ 1 MEG FIAMPG+2MEG 4 =75 *35 %3 =3 - -
Tirne ratio VS/PS (min) ) =0 =85 =75 =65 =75 =4
1) 520 4) 530 ) =0 =7 =7 =5 =7.8 =B
2) 10720 5) 1020
3020 6) 2030
COrcovhynchus mykiss Cryoprotectants Loading containers and survival efficiency
& Kobayashi etal., 2007 (GR- Genital ridges PES-based medium 0L5% BSA + 5.5 mM Dglucose and: Cryotubes (sundival PG0s rate) EGFP postive
1) 1.5M DMS0 N12MEG 1) 5) = 40% and negative cefls
2 1.5M Gy G 1.BMEG ilir % B) =40% for frypan blue
N1EMPG TZ1MEG kil % T) =40%



PGC cryopreservation: protocols

GR: Genitalridges 1) (EM) 5 MDMSO & 1 MEG + 4% PVP

EM: Emiryos Z) (GR) 5 M DMSO0 + 1 MEG + 4% PVP DMSO 2 M, EG0,5M
DC: Dissociated cells  2) (GR) 5 M DMS0 & 1 MEG + 4% PVP + 10 mgimL AFP (10 min)
4) (GR) 5 M DMSO + 1 M EG + 4% PVP + 20 mgimlL AFP
£} (DC) 5 M DMSO + 1 MEG + 4% PVP DMSO(gn':’:;')EG 1M
Survival PGCs rate EGFP postive .

05 ml straw 1) 0% 2) = 80% 3) ~00% 4) = 50% 5) - and negaive celis| | PMSO 5 M, EG 1 M, PVP 4 %
Cryovial  1)=75% 2)=75%3) - 4) - 5 - for trypan blue (2min)
Microdrop 1) - 2)=05%3) - 4 - & - and pseudopoda (AFP 10mg/mL
Microcapsule 1) - 2) - 3) - 4 - H=25% emission o AFP 20mg/mL)
Tempella:fi“f-j Temperaure (C) -4———— Backbong ————

Sl straws (40°C)

0.5m straws (25°C)

1Bl straws (23°C)

| |Fml {directly
i Mzl
-0 0.5ml

lce Lattice




PGC cryopreservation: protocols

GRs containing PGCs

B

Cell suspension
containing PGCs

\}/
e

Calcium
Chloride
1.5%

PGC
suspension
with Sodium
Alginate 1.5%

Microcapsule

Cryovial

Riesco, Martinez-Pastor, Chereguini and Robles 2012. Theriogenology 77:122-130




PGC cryopreservation: evaluation after thawing

Viability
Pseudopodial emission

90% survival

DNA integrity
(Comet Assay)

«10% (= control)

Riesco, Martinez-Pastor, Chereguini and Robles 2012. Theriogenology 77:122-130



PGC cryopreservation: evaluation after thawing
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Human spermatozoa are vulnerable to
oxidative stress because:

+They contan high concentrations of
unsaturated fatty acids

+ Possess ruclear DNA that is
incompletely protaminated and poorly
compacled.

*Cannot effect DNA repair
«Cannol undergo apoplosis

*Possess low levels of cytosolic
antioxiaant enzymes

*Can generale reactive oxygen species
via their mitochondria, specialized free
radical generating systems (NOX5) and
the redox cycling of xenobiotics

*Must spend several days as isolated
cells in both the male and female
repreductive tracts,

Aberrant DNA repair in the fertilized oocyte/early embryo

DNA damage

*Excessive ROS generation by vinue of:

Redox cycling xenabiotics

Aberrant mitochondrial function
Excess cytoplasmic retention
Inadequate control of ROS generation
Testicular heating

Cryopreservation

Centrifugation

Leukacyte contamination

*Inadequate antioxidant protection
«impaired DNA repair

Lipid peroxidation and DNA damage

@ Poor fertilization

) W

!

Impaired embryonic development Increased abortion Childhood disease

Lewis and Aitken 2005




PGC cryopreservation: evaluation after thawing

Quantification of lessions in specific genes and genome regions
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Riesco and Robles 2012 J. Appl. Ichthyol. 28 (2012), 925-929
Riesco and Robles 2012 PLOS ONE (2013)



Relative fold change
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PGC cryopreservation: evaluation after thawing
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Riesco and Robles PLOS ONE (2013)



PGC cryopreservation: evaluation after thawing

Promoter methylation

Promoter-associated
CpG island
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Patterson et al. J Vis Exp. (2011) \ /

Non-methylation-specific PCR
Methylation-specific PCR

:

Differentiation of bisulfite-generated polymorphisms



PGC cryopreservation: evaluation after thawing

mRNAs Promoter methylation
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Limitations and future perspectives: PGC in vitro generation
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Original Article

Study of Pluripotency Markers in Zebrafish Embryos
and Transient Embryonic Stem Cell Cultures

Vanesa Robles! = Mercé Marti’ and Juan Carlos Izpisua Belmonte"**
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Limitations and future perspectives: PGC in vitro generation
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TCCM + BMP4 + RA + EGF

t=2ahl |
Riesco, Valcarce, Alfonso, Herrdez, Robles (2014), Biology of Reproduction 91 (5):114, 1-11



Limitations and future perspectives: PGC in vitro generation
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Limitations and future perspectives: PGC in vitro generation

A PGC-like cells (TCCM) PGC-like cells (DFT 4)
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Riesco, Valcarce, Alfonso, Herrdez, Robles (2014), Biology of Reproduction 91 (5):114, 1-11



Limitations and future perspectives: PGC in vitro generation
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Limitations and future perspectives: PGC in vitro generation
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Limitations and future perspectives: PGC in vitro generation
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Conclusions

~ PGCs can be successfully cryopreserved and
== successfully transplanted into host sterile embryos

L Molecular analysis after cryopreservation is crucial
to guarantee the success of a cryopreservation
protocol and avoid undesirable effects in
fertilization and early embryo development.

4& PGCs can be generated in vitro from embryonic cells
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