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Stabile and disbalanced Planetary Processes

At risk are (IUCN): No.1 Species Extinction
e 21% of all mammals :
* 12% of all birds
 28% of all reptiles
 30% of all amphibians
» 32% of all fishes

e 27% of all insects

* 4505 of all mollusks

* 35% of all crustaceans
* 56% of all arachnids







Population Dynamics

Human Impact
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0 <. Alexander Pyron

George Washington University.

@ R. Alexander Pyron is the Robert F. Griggs Associate Professor of Biology at the

“Evolution loves death more than

it loves you or me. This is easy to write,
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DISTRIBUTION OF FERTILITY PARAMETER
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Capture of the last Sumatran rhino in Sabah (18. Dec. 2011)
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Current and future Conservation Measures
Anthropozean

& stem cell
associated
techniques
(SCAT)




Richard Lydekker (1849 — 1915)

White Rhinoceros of Lado, Records of Big Game, 1914.

agounced the discovery in a notice of The Field - |ZSsIgSEIaarY;
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The Sixth Rhino: A Taxonomic Re-Assessment of the Critically
Endangered Northern White Rhinoceros
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Last of their Kind

Sudand
1973-2018
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of Northern White Rhinos
of the Dvur Kralove Zoo
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Twenty-four / seven
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Northern white Rhino
Ol Pejeta, Kenya

e b 2 5a
. _’J o P,




Anaesthesia in wild patients

QUESTIONNAIRE on Medical History of Patients
Age: yrs Height: _ _cm  Weight kg

Do you smoke?

Do you drink alcohol regularly?
Do you take any kind of drugs?
Do you have diabetes?

Do you have high blood pressure?

Do you have any known intolerances?




Anaesthesia incident
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Transrectal oocyte collection
In white rhinos using a
patented system

(by U.S. Patent No. 10,779,859; European Patent EP 3 369 397; ARIPO Patent AP/P/2018/010558; Republic of South Africa
Patent No. 2018/01416)
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- to 90"

classic (5-10cm)

double lumen aspiration needle for transvaginal application (0° to 10°)

-

ultrasound probe (vaginal transducer)

vaginal roof A

ultrasound scan field
180mm to 80mm

ovary with follicles

Lanibinis loati

tutm faor Zoa
and Wildlire Rescarch

cori
new (150 - 200 cm)
/rectum ultrasound probe (microconvex transducer)
50 to 120 mm |

in diameter rectum

N

bended, double lumen

aspiration needle
(30° to 90°) ovary with follicles

ultrasound scan field
150mm to 100mm

U.S.-PAT: 10.779.859
European PAT: EP 3 369 397
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Before IVM After IVM




In Vitro Maturation of rhinoceros inmature rhinoceros oocytes (36 hours)
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ICSI

IntraCytoplasmatic Sperm Injection
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Oocyte collection in southern
(SWR) & northern white
rhinoceroses (NWR)

N° N° Distribution N° N° N° N° N° N°
OPU total reproductive total punctered recovered injected cleaved total
females status follicles follicles oocytes Ml embryos blastocysts

82 26 10%fertile& 31593 1163 437 163 105 46-SIALE
90% infertile @
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Timing the Transfer by Estrus Detection
by a sterilized Teaser Bull












Non-sur'gical Teaser Bull preparation
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Targeting the epididymis Ablation process for the
with the probe tissue destruction
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transrectal
Embryo Transfer
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First Rhino Fetus (70d) generated
by Embryo Trai |

hota of the Year 2024
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IVF rhino foetus, 2023
By Jon A Juarez

‘Thesightofitisstill shocking':46  IEE—_u.-
photos that tell the story of the o s el ey s

a flash of hope: a foetus created using sperm taken from males before they

century sofar

Sadly, the mother died of an unrelated infection. But tests showed the tiny
foetus would probably have survived. Said photographer Jon A Juarez,
“Though the story is bittersweet, the foetus proves the science works. If we
support scientists’ efforts, we can still correct our course and make the
planet a better place.” GS






L A i
v Cryoprese rvation

BwRescue

NWR calf
Surrogate dam .j
Self-sustaining population &
Embryo transfer
Constructed Gametes * Natural Gametes
Estrus synchronizat'ion
Nuclear
et Embryo culture <% * Embryo culture
A J T \_a NWR embryos
In vitro hybrid embryos IVF, ICSI

ICM transfer Nuclear
+ transfer

Sex sorting ,,, vitro

T matxation

" Sperm <& Oocytes

Gonadal tissue - ' KI O\GR | ‘ K‘
characterization anima se PM
¥ somatic cells pickup  collection

tissue

i A .
collection NWR stored | Living NWR and SWR .___—-? Superovulation




In 2012, Dr. Yamanaka was awarded the in Physiology or
Medicine for his discovery that adult somatic cells can be reprogrammed
into pluripotent cells. By introducing the genes for four factors that turn
genes on and off, he induced the skin cells of adult mice to become like
embryonic stem Ce[[s, whicl Induced Pluripotent Stem Cells

Growth

Infroduction/Expression P :
of Pluripotency Genes / i
Reprogramming
induced \
Pluripotent Differentiation ¥ I

Stem (iPS) Cell
A

(
)

Saito et al. Nature 471, 504-7 (2011)
Hayashi et al. Science. 338, 971-5 (2012)

Hikabe et al. Nature 539, 299-303 (2016)


http://gladstoneinstitutes.org/nobel/

Induced Pluripotent Stem Cells (iPSC)
of critical endangered rhino species

Transformation potential for In-Vitro-Gametogenesis
for producing eggs and sperm
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Pluripotent stem cells of the northern white rhino (NWR) are able to
differentiate into cardiomyocytes
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Naive-like pluripotency to pave
the way for saving the northern
white rhinoceros from extinction

Vera Zywitza®, Ejona Rusha®, Dmitry Shaposhnikov®, Jorge Ruiz-Orera’, Narasimha Telugu?,

¢ LSUZEANNE IZ5 Jé:kzl.
E. Hildebrandt™*,
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ESC & iPSC derived of the northern white rhino as basis for the In Vitro Gametogenesis

(adaptiert von Hayashi et al., 2021 in Reproduction, Fertility and Development)
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Artificially produced gametes in mice, humans and other
species

Kanafoko ) Livashi Cesare Call Sehastan [heck

= ScienceAdvances
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Robust induction of pri-
mordial germ cells of

white rhinoceros on the
brink of extinction

SOEAE AT MY







THREE INTEGRATED ASSISTED REPRODUCTIVE
STRATEGIES FOR THE CONSERVATION OF HIGHLY
ENDANGERED SPECIES

BloRescue
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w Endoscopic/ultrasound-guided artificial insemination

endoscopy

Al-catheter

DN

- - -
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semen surrounds
the guide after
insemination

ultrasound

Step 6




Schematic giant panda pregnancy profile

— EStrogens

— Progestin .

PGFM

Ovulation

90d-165d
Diapause

A

Is there a cross-talk between embryo(s) and uterus?
Does the uterus know it is pregnant?

Wauters et al., 2019












Ultrasound exam
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Cubs’ development

energy-rich,
green milk
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Elephants have the longest gestation in the animal
kingdom with an avarage of 660 days

-— Mouse: 20d
Dog: 62d
Sheep: 140d
Human: 260d
Horse: 340d
Rhino: 450d

lephant660d & |
/ o | =




ANIMAL
REFRODUCTION
SCIENCE

Shon commumication
Manual collection and characterization of semen Se I I I e I I I I I a I I u a | CO I I e C I O I I

from Asian elephants 'Elephas maximus

D.L. Schoman I.B. Hildchrandt
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Semen samples with motility
up to 90% are optimal for

Cryo-preservation N










F'rozen Dumbo 1

e ded

Frozen Dumbo 2
1201q




Ilghwa
Born in Tiergarten
Schonbrunn, Vienna
September, 2013

First elephant produced
from frozen-thawed
semen

-

Ighwa means in
Zolu-language: Ice









Elephant fetus, day 119d pc

communications
biology

SCIENCE ADVANCES

NEUROPHYSIOLOGY

Elephant facial motor control

Lena V. Kaufmann'~, Undine Schneewei', Eduard Maier',
Thomas Hildebrandt’*1, Michael Brecht'**+

We studied facial motor control in elephants, animals with muscular dexterous trunks. Facial nucleus neurons
(~54,000in Asian elephants, -63,000 in African elephants) outnumbered those of other land-fiving mammals. The
large-eared African elephants had more medial facial subnucleus neurons than Asian elephants, reflecting a
numerically more extensive ear-motor control. Elephant dorsal and lateral facial subnuclei were unusual in elon-
gation, neuron numerosity, and a proximal-to-distal neuron size increase. We suggest that this subaudeus orga-
nization is related to trunk representation, with the huge distal neurons innervating the trunk tip with long axons.
African elephants pinch objects with two trunk tip fingers, whereas Asian elephants grasp/wrap objects with larger
parts of their trunk. Finger “motor foveae” and a positional bias of neurons toward the trunk tip representation in
African elephant facial nuclei reflect their motor strategy. Thus, elephant brains reveal neural adaptations to facial
morphology, body size, and dexterity.

Fig. 1. Extraordinary size and nearon number of the slephant facial nuceus. (A) Mics:
elophant cow Burma Th 2 the facial naclous (white outine
tion & (B} highl

¢ incidual African
hants] (see L

ARTI(
[Ty
The functional an

tomy of elephant trunk whiskers
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Foetal age determination and development

in elephants
Thomas Hildebrandt' ', Barbara Drews', Ann P Gacth’, Frank Goeritz',
Robert Hermes', Dennis Schmitt’, Charlic Gray', Peter Rich',

[P —_— s Ut
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Schematic diagram of the extraction set-up
using episiotomy




Dissected Asian elephant fetus (6 parts)

after fetotomy
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- Interspecies Chimera -
Alternative Recipients?
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An extra-uterine system to
physiologically support the extreme

premature lamb Partridge et al., 2017, Nature Communication 8, article number:15112
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iInner cell mass transfer

Inner Cell Mass
(Embryoblast)

Trophoblast

Blastocoele Loi et al. J Reprod Develop, 2018



INTER-SPECIES TROPHO-ICM CHIMERAS

Injection of ICM into trophoblast vesiscles

ICM

TROPHO-ICM
\ CHIMERA
N OF
Reproduction, Fertility and Development
TROPHOBLAST
VESICLE

Jowrnal of Reproduction and Development, Vol 54, No 2. 2018

—Orniginal Article—
Development to term of sheep embryos reconstructed after inner cell
mass/trophoblast exchange

Pasqualino LOI", Cesare GALLI?, Giovanna LAZZARI*, Kazutsugu MATSUKAWA?,
Josef FULKA, Jr¥, Frank GOERITZ® and Thomas B. HILDEBRANDT™
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Induced pluripotent
stem cells from highly
endangered species

Inbar Friedrich Ben-Nun', Susanne C Montague',
Marlys L Houck?, Ha T Tran’, Ibon Garitaonandia',
Trevor R Leonardo!, Yu-Chieh Wang!,

Suellen ] Charter?, Louise C Laurent!?,

Oliver A Ryder® & Jeanne F Loring'?

For some highly endangered species there are too few
reproductively capable animals to maintain adequate genetic
diversity, and extraordinary measures are necessary to prevent
extinction. We report generation of induced pluripotent stem
cells (iPSCs) from two endangered species: a primate, the
drill, Mandnillus leucophaeus and the nearly extinct northem
white rhinoceros, Ceratotherium simum cottoni. iPSCs may
eventually facilitate reintroduction of genetic material into
breeding populations.

Induced pluripotent stem cells (1PSCs) are generated from somatic
cells by direct molecular reprogramming and, as are embryonic stem
cells, are capable of unlimited expansion and differentiation into
multiple cell types. iPSCs have been generated from somatic cells of
humans'# and research animals such as mouse’ and rhesus mon

key*. Weadapted iPSC technology to reprogram rare animal species,
in an effort to use this technology to preserve genetic material of
endangered species. The San Diego Zoo Institute for Conservation
Research maintains an extensive collection of frozen fibroblast cul-
tures, called the Frozen Zoo, comprised of viable cells of over 8,600
individual vertebrates of ~800 species. We report here to our knowl-
odoe the firet cenerafion ofiPRCe from the endangered nrimate: the

BRIEF COMMUNICATIONS

verge of extinction. An estimated population of 2,230 individuals
in 1960 has been reduced to only seven living individuals today”.
Two wild-born northern white rhinoceroses currently reside in the
San Diego Zoo Safari Park. The other five (one wild-born and four
born in captivity ) were kept until recently at the Zoo Dvir Krilove
in the Czech Republic. In an effort to save the species, four rhinocer-
oses with reproductive potential were relocated from the Zoo Dvar
Krilové to the Ol Pejeta Conservancy in Kenya in 2009. However,
cfforts to encourage natural reproduction have so far been unsuc-
cessful, and the last birth of a northern white rhinoceros was in 2000,
Because of the critical status of both the drill and northern white
rhinoceros populations, we chose these species for reprogramming
to iPSCs that might aid conservation efforts.

To reprogram the primate cells, we used retroviral vec
tors carrying human sequences of the reprogramming factors
POUSF1 (also known as OCT4), SOX2, KLF4 and MYC (also
known as ¢MYC) on a cryopreserved fibroblast cell line from
a male drill (named Loon) sampled at 15 years of age (now
dead). We generated four iPSC lines (named drill AC, Hand J)
from the fibroblasts (Fig. 1). We initially selected these lines
by their unique morphology that is characteristic of embry
onic stem cells and iPSCs derived from other species (Fig, 1a).
Drill iPSCs were karyotypically normal, as determined by com-
parison with the source fibroblasts (Online Methods, Fig. 1b and
Supplementary Fig. 1). Genomic PCR revealed that the drill iPSCs
carried the exogenous sequences for the reprogramming genes
(Supplementary Fig. 2). Because we found that northern white
rhinoceros fibroblasts could not be transduced with amphotrophic
retroviruses, we used retro-VSV.G viruses (Supplementary Fig, 3)
carrying the same four reprogramming factors, on a cryopreserved
fibroblast cell line initiated from the youngest living northern white
rhinoceros, a female named Fatu, born in 2000 and sampled at ten
years of age (currently residing in the Conservatory in Kenva). We
generated three rhinoceros iPSC lines (northern white rhinoceros
(NWR) A, B and C) from this cell line (Fig. 2). We also selected
theee bnes by their characterictic marnhaoloov (Bre 22l NWR 1 PSCe
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Northern white Rhino iPSCs are pluripotent & BioRe“scu

differentiate into three germ layers
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